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In the treatment of 
atrial fibrillation... 4 


it's one thing to restore the rhythm. 
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How to brake the heart. The modern 

ethod of choice for conversion of atrial fibrillation 
to normal sinus rhythm is direct current countershock. 
Maintaining normal sinus rhythm—and maintaining 
the patient—is another matter. A “pharmacologic 
pacemaker” that has a fundamental antiarrhythmic 

ction is Quinaglute® (quinidine gluconate). A specific 
for maintaining normal sinus rhythm, Quinaglute 
| has certain distinct advantages for long-term control: 


the unique Dura-Tab® construction permits 
| gradual release of quinidine gluconate to maintain 
| therapeutic quinidine plasma levels for 8 to 12 hours. 


. the convenient 8 or 12 hour dosage schedule 
_ helps avoid middle of the night dosage and early 
| morning reversion. 


l Quinaglute Dura-Tabs are well tolerated with 
_ few gastrointestinal disturbances 
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(quinidine gluconate) 5 gr. (0.33 Gm.) 
' “a pharmacologic pacemaker” 


it’s another to maintain the patient. : 


QUINAGLUTE Dura-Tabs’ 


Indications: For the prevention of premature atrial, nodal or ventricular contractions. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or 
chronic). 

Contraindications: Same as for other forms of quinidine, including partial A-V or com- 
plete heart block; intraventricular conduction defects, especially marked QRS widen- 
ing; sensitivity to quinidine; renal disease with significant azotemia; development of 
cardiotoxic effects (conduction defects or ventricular premature beats, ventricular 
tachycardia, or flutter) while taking the drug; marked cardiac enlargement with con- 
gestive failure; poor renal function especially with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, e.g., febrile reactions, 
skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, administer 
preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in pa- 
tients with severe heart disease, congestive heart failure, digitalis intoxication, renal 
insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for 
close observation, ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting increased risk. With the 
dosage regimen (see Dosage") of 2 tablets every 8 hours, higher blood levels than 
necessary for maintenance of normal sinus rhythm could be reached, whereas with 
1 tablet every 12 hours, the blood levels may be too low to maintain normal sinus 
rhythms, Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms of cinchonism at once 
(including tinnitus, decreased auditory acuity, vertigo, blurred vision, color perception 
disturbances, photophobia, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be discontinued immedi- 
ately if such symptoms or evidence of hypotension occur. If gastrointestinal disturb- 
ances (rarely reported) occur, they may be minimized by administering the drug with 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and 
cardiovascular state of the patient. The quantity and frequency of administration must 
be determined for each patient. For the prevention of premature atrial, nodal or ven- 
tricular contractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hours or 1¥2-2 tablets 
every 8 hours are usually required. The occasional patient may be maintained in nor- 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours. Occasionally larger or more 
frequent dosage may be required, but such increases should be used only after 
thorough evaluation of the patient, including serial electrocardiograms and determina- 
tion of plasma quinidine levels. The ideal dosage is the minimum amount of total 
dose and frequency of daily administration that will prevent premature contractions, 
paroxysmal tachycardias, and- maintain normal sinus rhythm, 

Supplied: Bottles of 100 and 250 tablets. 


Goper Cooper Laboratories, Inc., Wayne, N.J. 07470, U.S.A. 
Ste. Therese, P.Q., Canada 
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Wy. PRONESTYL (Procainamide Hydrochlo- ular tachycardia after oral, I.M. or I. V* admin- 

ride) may be especially suitable for these istration. An oral regimen of one 0.5 Gm. 

high-risk patients because of its recognized capsule every 4 to 6 hours may be especially 
ectiveness against ventricular arrhythmias. suitable for patients endangered by ` 

EP ESTYL is available in capsules as well runs of PVCs. @) 

a aS injectable form. The capsules permit main- *Administer I.V. only in extreme emergencies. SQUIBB 


tenance therapy at home and in the hospital. ; ; 
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Pronestyl 


Contraindications: In patients with myasthenia gravis and 

where a hypersensitivity to procainamide and related drugs 

exists. Should not be given to patients with complete atrioven- 
tricular heart block. 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 

method of choice. Intravenous use should be limited to extreme 

emergencies, be administered as a dilute infusion, and the 

patient be monitored electrocardiographically whenever prac- 
ticable throughout the infusion. The intravenous dose should 

notexceed 1 Gm. Administer atarate not exceeding 25 to 50 mg. 
per minute. 

Should procainamide therapy be continued for any appre- 
ciable period, electrocardiograms should be made occasionally 
to determine its further need. 

Precautions: Evidence of untoward myocardial response 
should be carefully watched for in all patients. In the presence 
of myocardial damage with atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is 
slowed; adequate digitalization reduces but does not abolish 
this danger. Ventricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an embolic 
episode may occur in correcting atrial fibrillation due to the 
forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an 
occlusive coronary episode or where the use of procainamide 
may result in additional depression of conduction and ven- 
tricular asystole or fibrillation as in A-V block, bundle branch 
block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocar- _ TW? 
diograms give evidence of impending heart @p d 
block. This complication should be kept in < 
mind when treating ventricular arrhythmias 
(especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- 
cantly slowed without attainment of regular atrio- _ 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus 
has been reported with maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this 
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syndrome, have been reported. If any sign of lupus erythema- 
tosus occurs, LE cell tests should be performed; if cell tests 
are positive, discontinue drug. Steroid therapy may be effec- 
tive if discontinuation of procainamide does not cause remis- 
sion of symptoms. If the syndrome develops in a patient with 
recurrent life-threatening arrhythmias not otherwise control- 
lable, steroid-suppressive therapy may be used concomitantly 
with procainamide. Tests atregular intervals for lupus erythema- j 
tosus are recommended for patients on maintenance therapy. 
Adverse Reactions: Because procainamide is a peripheral vaso- 
dilator, it may produce a hypotensive response, sometimes pre- 4 
cipitous when given intravenously. Blood pressure should be 
measured almost continuously during the infusion which 
should be temporarily discontinued if the fall exceeds 15 mm. 
Hg. The hypotensive response is less likely to occur from intra- 
muscular injection and is rare following oral administration. 
Serious disturbances of cardiac rhythm such as ventricular 
asystole or fibrillation are also more common with I.V. admin- 
istration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract in- 
fection have been reported. Agranulocytosis has been occa- 
sionally reported following prolonged use of the drug, and 
deaths have occurred. Therefore, routine blood counts are 
advisable during maintenance therapy. If any of the above 
symptoms should occur and leukocyte counts indicate cellular 4 
depression, procainamide therapy should be discontinued and 
appropriate treatment should be instituted immediately. 
Diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angio- 


_ neurotic edema and maculopapular rash, and bitter taste have 


me Deen reported. 
The package insert should be read carefully to 
become familiar with the recommended oral and 
parenteral dosage for the indicated conditions. 
Supply:Pronestyl Capsules (Procainamide Hydrochloride 
Capsules U.S.P.) providing 0.25 Gm. and 0.5 Gm. are 
» available in bottles of 100 and 1000, and Unimatic® 
W Single Dose Packaging in cartons of 100. Pronestyl 
; Injection (Procainamide Hydrochloride Injection 
U.S. P.) providing a 10% sterile aqueous solu- 
tion (100 mg./cc.) with 0.9% (W/V) benzyl 
alcohol is available in 10 cc. vials. (A.H.F.S. 
24:04) [Military FSN 6505-582-5370: Cap- 
sules,0.25Gm., 100's; FSN 6505-299-8614: 
® Inj, 10 cc. vials; VA FSN 6505-582- 
S37 1A: Capsules, 0.25 Gm., 1000's.] 
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‘The Priceless Ingredient of every product is 
the honor and integrity of its maker™ 


©1972 E.R. SQUIBB & SONS, INC, 442-004 
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Helps relieve excessive anxiety 
that may accompany cardiac 
disease and impede recovery... 


prompt onset of action — usually 
within 15-30 minutes... 


may be used concurrently with 
digitalis... 

hypotensive reactions 

are uncommon; hepatic or 
hematopoietic toxicity has not 
been reported with 
recommended dosage... 


although occasional drowsiness 
has been reported, mental 
alertness is seldom impaired... 


by relieving excessive 
anxiety, an h.s. dose 
helps encourage restful sleep. 
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(HYDROXYZINE 
PAMOATE) 


25 mg., 50 mg., 100 mg. capsules 


THE UNCOMPLICATED CALM 


BRIEF SUMMARY 

Contraindications: Hypersensitivity to hydroxyzine. The so- 
lution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, 
rat, and rabbit induced fetal abnormalities in the rat at 
doses substantially above the human therapeutic range. 
Clinical data in human beings are inadequate. Until 
adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this 
period. 

Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION OF 
CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS NAR- 
COTICS AND BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50%. Because 
drowsiness may occur, patients should be cautioned 
against driving a car or operating dangerous machinery. 
The usual precautions for intramuscular injection should be 
followed; soft-tissue reactions have rarely been reported 
when proper technique has been used. Hydroxyzine intra- 
muscular solution should be injected well within the body 
of a relatively large muscle. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., gluteus 
maximus), or the mid-lateral thigh. In children, preferably 
the mid-lateral muscle of the thigh. In infants and small 
children, the upper outer quadrant of the gluteal region 
should only be used when necessary, as in burn patients, 





in order to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well de- 
veloped, such as in certain adults and older children, and 
only with caution to avoid radial nerve injury. Injections 
should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intra- 
vascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually 
transitory and may disappear in a few days of continued 
therapy or upon dosage reduction. Dryness of the mouth 
may occur with higher doses. Involuntary motor activity, 
including rare instances of tremor and convulsions, has 
been reported, usually with ‘higher than recommended 
dosage. 
Supply: Vistaril (hnydroxyzine pamoate) Capsules: Equiva- 
lent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. Vistaril 
(hydroxyzine pamoate) Oral Suspension: Equivalent to 
25 mg. hydroxyzine HCI per 5 cc. teaspoonful. Vistaril 
(hydroxyzine HCl) Intramuscular Solution: 25 mg./cc.— 
40 cc. vial; 50 mg./cc.—2 cc. and 10 cc. vial; lsoject;* 
25 and 50 mg. per cc. 1 cc. per unit; 100 mg./2 cc. unit. 
More detailed professional information available on 
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o Greater G.I. tolerance 
o Full quinidine cardiodynamics 
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quinidine antiarrhythmics. 

It permits a release and utilization of quinidine so efficiently that CARDIOQUIN Tablets 
can be used for conversion as well as maintenance, and the usually effective maintenance 
dosage is just 1-2 tablets b.i.d. The smooth rate of dissociation results in a uniform rate of 
absorption and a markedly reduced incidence of gastrointestinal reactions. 


*In many cases b.i.d. dosage —morning and night —will be adequate for maintenance. 


BRIEF SUMMARY—INDICATIONS: Prevention and termination of atrial fibrillation, atrial 
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PEDIATRIC CARDIOLOGY 


1 Natural History of Mild Congenital Aortic Stenosis Elucidated by Serial Hemodynamic Studies 
LAWRENCE SANFORD COHEN, WILLIAM F. FRIEDMAN and EUGENE BRAUNWALD 


Analysis of serial clinical and hemodynamic data obtained prospectively from 15 initially asymptomatic 
children with congenital aortic stenosis indicates that this disorder may be progressive in a significant 
a percentage. The average age of the patients was 8.5 years on initial study and 15.1 years at follow-up 
J examination. The cardiac index was consistently normal in all, but the peak pressure difference across the 
left ventricular outflow tract had increased in 12 of the 15 patients at follow-up study. Severe obstruction 
developed in 6. Correlation was generally poor among presence of symptoms, electrocardiographic and 
radiographic findings and severity of obstruction in any individual patient. 


6 Natural Hemodynamic History of Congenital Aortic Stenosis in Childhood 
GALAL EL-SAID, FRANK M. GALIOTO, Jr., CHARLES E. MULLINS and DAN G. McNAMARA 


Two serial cardiac catheterizations performed in 37 patients with congenital aortic stenosis document that 
in the majority of patients the lesion increased in severity, usually because of increased flow across a 
“fixed” stenotic area as a result of body growth and sometimes because of a concomitant actual decrease 
in the stenotic area. Ninety percent of the patients remained asymptomatic during the study. 


13 Hemodynamic Studies in Children with Congenital Atrioventricular Block 


OTTO G. THILENIUS, PIPIT CHIEMMONGKOLTIP, DONALD E. CASSELS and 

RENE A. ARCILLA 

The overall hemodynamic findings in children with congenital atrioventricular (A-V) block are better than 

in adults with acquired block. This observation suggests that intrinsic myocardial disease may be a signifi- 
g> cant feature in symptomatic subjects with A-V block. In these acute studies infusion of isoproterenol, pre- 

sumably by its combined inotropic, chronotropic and peripheral vasodilatory effect, caused a greater rise 

than electrical pacing in cardiac index, left ventricular ejection rate and output/tension-time ratio. 


19 Clinical Diagnosis of Isolated Subpulmonic (Supracristal) Ventricular Septal Defect 
LEONARD STEINFELD, IVAN DIMICH, SANG C. PARK and MURRAY G. BARON 


Although selective left ventricular angiocardiography best identifies subpulmonic ventricular septal defect, 
this condition is also clinically characterized by a pansystolic crescendo-decrescendo murmur with maxi- 
mal intensity in the first and second left intercostal spaces and radiation toward the left clavicle and jugular 
notch. The absence of pure right ventricular hypertrophy in the electrocardiogram aids in distinguishing 
this murmur from that of isolated valvular pulmonary stenosis. 


CLINICAL STUDIES 
25 Relation of Resting and Exercise-Induced Ectopic Beats to Other Ischemic Manifestations and 
to Coronary Risk Factors. Men Born in 1913 


J. ANDERS VEDIN, CLAES E. WILHELMSSON, LARS WILHELMSEN, JAN BJURE and BARBRO 
EKSTROM-JODAL 


Rhythm or conduction defects occurred in 93 (11.7 percent) of 793 men aged 54 at rest or during exercise, 
x ventricular premature contractions being the most common. Two sudden and unexpected deaths occur- 


z} 
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SPECIAL ANNOUNCEMENT! 


Model 350, 12-Hour 
Ambulatory Heart Monitor 
Immediately Available at a 
33 /3% Discount! 






Was $1495...Now only $995! 


For the next 60 days, Avionics is offering a 333 % discount on its 
world-famous Model 350 Holter Heart Monitor. More than 2000 of these 
portable, 12-hour, DCG recorders are already in use by leading 
cardiologists, internists, and general practitioners throughout the world. 


The Model 350 is worn comfortably over the shoulder while the patient 
pursues his usual daily routines, and it sits at his bedside while he sleeps, 
continuously recording every heart beat for the full twelve hour period. 
Later, the physician or technician quickly scans the 12-hour recording in 
just 12 minutes, and documents any abnormal occurrences with standard 
ECG tracings. Complete scanning services are available to those 
physicians or hospitals who do not have their own. 


All monitors on sale are brand new instruments and carry a full warranty 
from Avionics — the company that pioneered and developed dynamic 
electrocardiography. 


Now — while this sale lasts — you can up-date your practice and give your 


patients the security of this most modern technique without a large capital 
outlay. Mail the coupon now, or call us directly. 


Special Sale Prices 


Model 350 Heart Monitoi $995.00 
Model 602 Battery Charger 145.00 
Office Kit 74.50 
(10 recording tapes, test cable, etc.) — 
Complete New-Customer Package $1214.50 
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ORDER COUPON 


O Please send me a complete New-Customer Package immediately. 
O Please send me a Model 350 Heart Monitor. 

O My check or P.O. is attached. 

O My P.O. follows: #— d f 
C Please reserve a Model 350 for 15 days at the special sale price while | study the literature you are going to send me. 
Please have a salesman contact me. Phone —— a 




















Name Title 
Organization 


AV ONICS Address 


City State Zip 














AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
Del Mar Engineering Laboratories 
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P- wom ring later among men with frequent ventricular contractions aggravated by exercise suggests that exercise- 
k induced arrhythmias may be important predictors of sudden death. 


32 Acquired Complete Right Bundle Branch Block Without Overt Cardiac Disease. Clinical and 
Hemodynamic Study of 37 Patients 


MALCOLM C. LANCASTER, ELIOT SCHECHTER and GEORGE K. MASSING 


In 37 men (mean age 42 years) the almost consistent, but as yet unexplained, association of acquired right 
bundle branch block with increased left and right end-diastolic ventricular pressures at rest or with exer- 
i cise, or both, suggests the presence of a mild diffuse abnormality of the ventricular myocardium, includ- 
ing some portion of the right bundle branch. Coronary arteriograms and measurements of left ventricular 
2 performance were generally normal. 


37 Work Capacity and Physiologic Responses to Work. Men Born in 1913 


¥ GUNNAR GRIMBY, JAN BJURE, MATTIAS AURELL, BARBRO EKSTROM-JODAL, 
GOSTA TIBBLIN and LARS WILHELMSEN 


This important study demonstrates that a high percentage of 54 year old men can perform maximal exer- 
cise without demonstrable evidence of increased probability of cardiovascular hazards. General fatigue 
halted maximal exercising in 77 percent of the group tested. The maximal heart rate was 172 + 12 
beats/min, systolic blood pressure 212 + 25 mm Hg, respiratory rate 35 + 8 breaths/min. Maximal oxygen 
uptake was predicted to 2.3 liters /min. Twelve patients stopped testing because of chest pain. 


43 Independent Effects of Heart Rate and Exercise on Left Ventricular Wall Movement 
Measured by Reflected Ultrasound 


CHARLES S. SMITHEN, CHRISTOPHER F. P. WHARTON and EDGAR SOWTON 


Echocardiographic studies demonstrate that the maximal posterior wall velocity of the heart during systole 
in normal subjects increased from a mean of 37 mm/sec at rest to 96 mm/sec after exercise, and pos- 

X terior wall excursion increased from 4.0 mm at rest to 6.8 mm after exercise. The changes in posterior 
wall movement reflect alterations in left ventricular function independent of heart rate. 


48 Use of Isometric Handgrip for the Indirect Assessment of Left Ventricular Function in Patients 
with Coronary Atherosclerotic Heart Disease 


WAYNE SIEGEL, CHARLES A. GILBERT, DONALD O. NUTTER, ROBERT C. SCHLANT and 
J. WILLIS HURST 


This study demonstrates the value of isometric handgrip exercise as a simple cardiovascular stress test 
applicable at the bedside to provoke abnormal physical signs associated with decreased left ventricular 
compliance or dysfunction in patients with atherosclerotic heart disease or cardiomyopathy. Isometric 
handgrip exercise accentuated or evoked atrial or ventricular gallop sounds in 59 and 44 percent, respec- 
tively, of 27 patients with heart disease, increased the amplitude of apical diastolic pulsations in these 
patients, and raised systolic and diastolic blood pressure and heart rate in all normal subjects and patients. 


55 Serial Renal Function and Angiographic Observations in Idiopathic Fibrous and Fibromuscular 
Stenoses of the Renal Arteries 


Low SHELDON G. SHEPS, OWINGS W. KINCAID and JAMES C. HUNT 
A high incidence of progression of disease was found in 55 hypertensive patients with angiographically 
demonstrable idiopathic fibrous and fibromuscular stenosis of the renal arteries who were restudied an 
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STABLE ANGINA OR PRE-INFARCTION ANGINA? 


DIFFERENTIAL DIAGNOSIS OF STABLE 
ANGINA PECTORIS AND PRE-INFARCTION ANGINA 


STABLE ANGINA PECTORIS | PARAMETERS | PRE-INFARCTION ANGINA 


over sternum, over sternum, 


































often spread- often spread- 
ing across ing across 
the chest LOCATION the chest 
OF 
w y 
baa oe ard 
arms, rms, 
neck, or jaw, neck, a Ho 
or an ' 
combination RADIATION combination 
thereof OF thereof 


PAIN 








usually sub- lasts more 
sides within than 5 
1 to5 minutes 
minutes 


DURATION 
OF 
PAIN 





dull or heavy discomfort similar but more intense 


CHARACTER 
OF 
PAIN 








sweating and 
weakness 
in most 
patients 











ASSOCIATED 
SYMPTOMS 





usually none 








exertion, 
emotion, 
eating, cold 
weather, 
lying down PRECIPITATING AE 
CTORS 

stopping sublingual 
effort, nitrates 
sublingual may give 
nitrates incomplete or 

only transient 






relief 


oS 


$-T segment depression, 





transient S-T segment 


depression, ELECTRO- usually long lasting; 
disappearing with CARDIOGRAM T-wave inversions often 
relief of pain appear and persist; 


occasionally the ECG 
may be normal 


aT 


WHEN THE DIAGNOSIS ~ 


IS STABLE ANGINA 
PECTORIS"... 


e provide prophylaxis 
against anginal 
attacks often caused 
by unavoidable 
everyday stress 


e reduce the severity 
and frequency of the 
anginal episode 


ISORDIL 


(ISOSORBIDE DINITRATE) 


SCORED, ORAL TABLETS: 5 mg. and 10 mg. 

















|* Indications: Based on a review of this dru 
by the National Academy of Sciences—Nationa 
Research Council and/or other information, 
FDA has classified the indication as follows: 

“Possibly” effective: When taken by the oral 
route, Isordil is indicated for the relief of an- 
gina pectoris (pain of coronary artery disease). 
It is not intended to abort the acute anginal 
episode, but is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 
Final classification of the less-than-effective 
indications requires further investigation. 








Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing, Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. 


New York, N. Y. 1001 ® 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 
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iat average of 34.3 months later. Diminishing renal function in the presence of stenotic lesions amenable to 
revascularization procedures should be considered an indication for surgical intervention. Serial angiog- 
raphy is useful in detecting reversible causes of decreasing renal function. 


EXPERIMENTAL STUDIES 


61 Relation Between Acute Changes in pH and PCO, and the Inotropic Responses to 
Acetyl Strophanthidin 


KATHERINE H. HALLORAN, MARIANO M. ITHURALDE and S. EVANS. DOWNING 


Study of the effects of acutely induced hypercapnic or lactic acidemia on the inotropic responses to acetyl. 
strophanthidin in adult cats demonstrates that digitalis can produce significant inotropic responses even 
under such altered metabolic conditions and that propranolol does not inhibit them. 


67 Diphenidol: A New Agent for the Treatment of Digitalis-Induced Arrhythmias. 
Electrophysiologic and Hemodynamic Studies 


WILLIAM J. MANDEL, HIROKAZU HAYAKAWA, JOHN K. VYDEN, MARCIANO CARVALHO, 
WILLIAM W. PARMLEY and ELIOT CORDAY 


Experimental data in dogs demonstrate that diphenidol, a new antivertigo and antiemetic agent, posadasés i 
antiarrhythmic properties. especially desirable for the treatment of digitalis-induced arrhythmias. Diphen- 
idol not only reverses the atrioventricular conduction prolongation but also depresses the enhanced ven 

tricular automaticity induced by digitalis intoxication. The drug does not produce significant deleterious 
hemodynamic or negative inotropic effects. 


METHODS 


74 P Wave Synchronous Pacing Using Anchored Atrial Electrode Implanted Without Thoracotomy 


WERNER PORSTMANN, JOACHIM WITTE, LOTHAR DRESSLER, MAX SCHALDACH, 
ILSE VOGEL and HARRY WARNKE 


This new technique for the transvenous implantation of a specially designed atrial sensing electrode in 
combination with a ventricular stimulating electrode and an atrial-controlled pacemaker enables synchro- 
nization. of atrial and ventricular activity. The performance of this method has been faultless in 15 patients 
observed up. to 39 months. 


REPORTS ON THERAPY 


77 . Use of Alprenolol in Acute Cardiac Arrhythmias 


LOUIS LEMBERG, AZUCENA G. ARCEBAL, AGUSTIN CASTELLANOS, Jr. and 
DOUGLAS SLAVIN 


This clinical trial of alprenolol, a new beta receptor blocking drug, indicates it is safe and étéctive in the 
treatment of cardiac arrhythmias during acute myocardial infarction. The average dose of aiprenolol is 
somewhat greater than that required for propranolol. Congestive failure was not considered a contraindica- 

tion when the arrhythmia was considered the aggravating factor. 
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Now the complete capability for the safe, 
continuous monitoring and recording of patient ) 
heart action during PHYSICAL STRESS TESTING 
has been designed into one compact instrument! 


e The Model 2900 Heart Monitor features a large, two-channel oscilloscope display that permits 
continuous real-time observation of the patient’s ECG waveform during stress testing 

e A built-in digital heart rate meter that provides an easy-to-read numerical display of the patient’s 
heart rate and operates in an instantaneous mode of BPM or a mean-rate mode that averages 
the last 15 beats 

e A built-in ECG paper writer that is designed to AHA recommendations and can be used 
independently for 12-lead ECG’s 

e An optional automatic timer/programmer that can be preset to automatically turn on the paper 
writer and record at desired intervals 

e A unique, optional S-T segment computer/display that computes and numerically displays S-T 
segment elevations and depressions to one-tenth of a millimeter 


For more information and/or a demonstration, just use the reader service card or return the coupon below. 
EE mE an bn oe oe eee ee eee 


O Please send literature O Contact me for a demonstration 





AVIONICS RESEARCH PRODUCTS 6901 West Imperial Highway, Los Angeles, California 90045 / Phone (213) 641-6334 


division of Del Mar Engineering Laboratories 
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CASE REPORTS 
Right Atrial Myxoma with Right to Left Shunt and Polycythemia Presenting as Congenital 
Heart Disease 


ARNOLD GOLDSCHLAGER, ROBERT POPPER, NORA GOLDSCHLAGER, FRANK GERBODE 
and GEORGE PROZAN 


This study reports the seventh case of right atrial myxoma with right to left shunt in a 56 year old woman 
who presented with clinical features of cyanotic congenital heart disease. After the use of noninvasive and 
other techniques to establish the correct diagnosis, this patient successfully underwent surgical repair 
under full cardiopulmonary bypass and moderate hypothermia. 


Idiopathic Enlargement of the Right Atrium of Adult Onset. Report of a Case with 
Atrial Vectorcardiograms 


GEORGE E. BURCH, THOMAS D. GILES, LANA L. SHEWEY and GEORGE W. COOK 


In this case study radiographic evidence of right atrial enlargement developed over at least a 2 year period 
during the fourth decade of life. Atrial vectorcardiograms were abnormal although the P waves of the 
electrocardiogram were normal. 


Asplenia Syndrome with Congenital Heart Disease and Tetralogy of Fallot in Siblings 
WALTER SILVER, MOSHE STEIER and NAKUL CHANDRA 


This report describes 2 siblings, 1 with the asplenia syndrome and congenital heart disease and the other 
with tetralogy of Fallot. It is the first such description, although the familial character of congenital heart 
disease and tetralogy of Fallot has been previously recognized. 


DIAGNOSTIC SHELF 


Clinical Presentation of Rnabdomyoma of the Heart in Infancy and Childhood 


REDA M. SHAHER, JOSEPH MINTZER, MATTHEW FARINA, RALPH ALLEY and 
MONICA BISHOP 


Presenting cardiac problems in 4 infants with cardiac rhabdomyomas and tuberous sclerosis included con- 
gestive heart failure, cyanosis secondary to shunt reversal at atrial level, paroxysmal atrial tachycardia an'd 
significant subaortic stenosis. Significant obstruction of the blood flow on either side of the heart is the 
main indication for surgical removal of the tumor. Of the 2 children operated upon in this series, 1 died and 
the other survived. 


SPECIAL DEPARTMENTS 


Letters to the Editor 
Wedensky Phenomena in Bundle Branch Block @ Doctor, Cure Thyself 


Book Reviews 


Reviews in Cardiology 


College News 
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Beginning of our hyperlipidemic way of life 


One million years ago, a primitive ancestor of man he does not have the anatomic and physiologic 
assumed a meat-eating habit which he passed on to capabilities for handling these foods in a manner 
his descendants. According to Collens,’ “...man has comparable to carnivores.” As stated editorially in 
indulged himself in eating foods containing large Lancet,’ “the* unnatural’ diets of Western man are 
amounts of cholesterol and saturated fats, although associated with a high proportion of saturated fatty 
acids in the blood... .” Also, a large intake of 
carbohydrates cannot be overlooked as a 
contributory factor in hyperlipidemia.** 





„today 


One of five Americans over the age of seventeen has 
a serum cholesterol level of 260 mg./100 ml. or 
higher, according to the U.S. Public Health Service. * 
Stamler et al.” state: “A significant proportion of our 
population is frankly hypercholesterolemic.” They 
further report that among the millions of adult 


Americans with this condition, a majority are 
entirely unaware of its presence because they have 
never been tested for it. 


"Based on mean averages obtained by 


This group represented 111 million 
Adapted from U.S. Public Health Se 


See last page of advertisement for prescribing information. 



















The determination of serum lipids 
-+ Recently, considerable interest has been 
shown in the classification of primary hyper- 
_. lipidemia into five types by Fredrickson 
and associates.® The following chart shows 
that in three of the four most commonly 
‘seen types, triglycerides as well as cholesterol |" 
may be elevated. Therefore, triglycerides 
are also important in making the diagnosis m 
of primary hyperlipidemia. 
In studies on 1,000 age-controlled patients, 
Fredrickson found that hyperlipidemia will 
be detected in 96 per cent of cases if both 
serum cholesterol and triglyceride 
determinations are performed.” 


Atromid-S (clofibrate) 


For the significant reduction of elevated levels of cholesterol and /or triglycerides 


` Adequately repeated base line studies should be performed to determine if the patient 

- hasa significantly elevated serum lipid level. When cholesterol and/or triglyceride 

levels are found to be elevated, an attempt should first be made to control them with 

- an appropriate dietary regimen. When response is inadequate, 

-lipid-lowering therapy should be initiated with ATROMID-S. 

-` With ATROMID-S therapy: 

_ æ you can expect elevated serum cholesterol and/or triglyceride levels to be lowered in responsive patients 
during the first month of treatment. e you can also expect that the higher the initial level, the greater the fall 
-In xanthomatosis, a reduction in size and/or number of lesions is an indication of response to therapy, 

and the drug should be administered for an extended period of time, even up to one year. 


AN IMPORTANT NOTE: It has not been established whether drug-induced lowering of serum 
cholesterol or other lipid levels has a detrimental, a beneficial, or no effect on the morbidity or 

mortality due to atherosclerosis or coronary heart disease. Several years will be required before 
current investigations can yield an answer to this question. 





Classification of primary hyperlipidemia* 





Type Lipoprotein 








Ohylomicra elevated 


Beta lipoproteins elevated | roma 


Abnormal Beta lipoproteins 
present 


















pee-Beta lipoproteins elevated 





Ctiylomicra and pre-Beta 
lipoproteins elevated 








* Adapted fromiFredrickson’s 5 Major Categori 





























__ The most widely prescribed lipid-lowering agent with seven years of clinical experience 
_ Sustained long term reduction of elevated serum lipid levels with Atromid-S (clofibrate) 


In responsive patients who received ATROMID-S continuously, and who were studied for periods ranging 
- from six months to four years, the lipid-lowering effect was sustained throughout therapy.*"?° 


_ It has been shown, that lipids return to pretreatment levels when ATROMID-S is discontinued.*°* 
-According to Oliver," “this clearly indicates the need for continued treatment.” 









‘Long term 
effectiveness* cholesterol 
Of a total of 133 patients 
treated, there were 114 
responders.and 19 


triglycerides 


51 patients 36 patients 19 patients 3 patients 





51 patients 36 patients 19 patients 8 patients 
95 








350: 





z E 
nonresponders. There were P ù 
nee S 300 E 
_ 51 responders in the one = 2 
year therapy group; 36 REN. 3 
responders in the two year E % 
group; 19 respondersinthe [-3 20 3 
three year group; and 8 a E 
responders in the four year | Z 450 z 
group: RaT, & 
* Adapted from Oliver. 100 
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Visible evidence of effectiveness 


Oliver* is among several investigators who have reported the regression 
of xanthomata in patients treated with ATROMID-S (clofibrate). This 
demonstration of regression of xanthomata with ATROMID-S provides 
visible evidence of the effectiveness of this agent. In some patients, 
xanthomatous lesions completely disappeared;*"?17-1° and in others their 
size and/or numbers have been reduced.°"11/19-?1 


Regression of xanthomata demonstrated 


Before therapy After therapy 


Male, 39 years old, with long-standing 

xanthomatous lesions involving 

elbows, knees, palms and palmar 

surfaces of the fingers, and buttocks. 

Laboratory Datat 

2/25/69 cholesterol: 544 mg.% 
triglycerides: 315 mg.% 

3/11/69 ATROMID-S therapy instituted 

9/26/69 cholesterol: 289 mg.% 
triglycerides: 129 mg.% 

Lesions on palms have disappeared 

completely, Lesions on elbows 

and knees are smaller and softer. 


tCase report on file, Medical Department, 
Ayerst Laboratories, New York, N.Y. 





To maintain the lipid-lowering effects—maintain the recommended dosage 


One dosage regimen—one capsule Q.I.D.—for all patients at all times. After lipid 
levels have been reduced, maintain the recommended dosage. A reduction in dosage 
may result in a rise in lipid levels. 

If treatment is interrupted 

The interruption of therapy when the patient is under control would permit lipid 
levels to return to their original pretreatment status. Berkowitz'* demonstrated the 
effect of interrupted therapy in the 40 month patient study shown below. 


DRUG DRUG 











WITHDRAWN WITHDRAWN 

400 400 
g 350 3 350 
A ob > . 
E 300 cholesterol E 300 triglycerides 
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2 (S) 
= 200 % 200 
“A z 
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MONTHS OF TREATMENT MONTHS OF TREATMENT 


Patient received ATROMID-S (2 Gm. daily ) for the first 16 months. Between the 16th and 20th month, therapy 
was withdrawn completely. From the 20th to the 40th month, ATROMID-S therapy (2 Gm. daily) was resumed. 


If given in conjunction with anticoagulants 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S (CLOFIBRATE). 
THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED BY ONE-THIRD TO ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) 
TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS, FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE LEVELS HAVE BEEN STABILIZED. 


See following page for prescribing information. Ayerst. 
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For the reduction of elevated serum cholesterol and/or triglyceride levels 


Atromid-S (clofibrate) 


start and maintain therapy with one capsule Q.L.D. 


BRIEF DISCUSSION SUMMARY 


“Indications: ATROMID-S is indicated where reduction 

~ of serum lipids is desirable, e. g., patients with 
hypercholesterolemia and/or hypertriglyceridemia. 

. Patients with hyperlipemic states involving elevation of both 
‘serum triglycerides and serum cholesterol generally have 
‘amore favorable response than those with primarily 
hypercholesterolemia and normal triglyceride levels, 
However, since response is unpredictable, a therapeutic 
trial with ATROMID-S should be undertaken in patients 
with only hypercholesterolemia. 

-In patients with essential hyperlipemia and xanthomatosis, 

; ee skin lesions frequently have regressed on ATROMID-S 

erapy. 


Contraindications: While teratogenic studies have not 
`: demonstrated any effect attributable to clofibrate, it is known 
‘that serum of the rabbit fetus accumulates a higher 
-concentration of clofibrate than found in maternal serum, 
-and it is possible that the fetus may not have developed the 
“enzyme system required for the excretion of clofibrate. 


“Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women 

‘jn the childbearing age may be undertaken in patients 

exercising strict birth control procedures. In patients who 

then plan to become pregnant the drug should be withdrawn 

several months before conception. 

Because pregnancy is a possibility despite birth control 

precautions, the possible benefits of clofibrate to the patient 

` must be weighed against possible hazards to the fetus in 

women of childbearing age. Since itis not knownif 

clofibrate is secreted in human milk, the drug should not be 

given to lactating women. 

This drug is not, as yet, indicated for use in children since 

» studies in children have been insufficient, 


It is not recommended for use in patients with impaired 
renal or hepatic function. 


Warnings: CAUTION SHOULD BE EXERCISED WHEN 
ANTICOAGULANTS ARE GIVEN IN CONJUNCTION 
WITH ATROMID-S (CLOFIBRATE) . THE DOSAGE OF 

seo THE ANTICOAGULANT SHOULD BE REDUCED BY 

ou OONE-THIRD TO ONE-HALF (DEPENDING ON THE 

_ INDIVIDUAL CASE) TO MAINTAIN THE PROTHROMBIN 

TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING 
COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE LEVELS 
HAVE BEEN STABILIZED. 


Precautions: Before instituting clofibrate therapy, attempts 
should be made to control serum lipids with appropriate 
dietary regimens, weight loss in obese patients, control of 
diabetes mellitus, etc. 

Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to 
determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should 
be made during the first few months of ATROMID-S 
(clofibrate) administration, and periodic.determinations 
thereafter. The drug should be withdrawn after three months 
if response is inadequate. However, in the case of xanthoma 
tuberosum, treatment should be continued for longer periods 
(even up to one year) provided there isa reduction in the 

size of the xanthomata. 

During the early stages of ATROMID-S administration, 
serum transaminase determinations should be made. Mild 
transient increases in these tests have been noted in some 











patients. This is thought to be a result of the metabolic effect 
of the drug rather than a toxic effect. However, if steadily 
rising or excessive abnormalities occur, the drug should be 
immediately withdrawn. 


Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of 
hypoglycemia occurring two hours after ingestion of 1 Gm. 
of clofibrate in a patient receiving tolbutamide. Although 

a causal effect was not established, caution should be 
observed in diabetic patients. 

Adverse Effects: ATROMID-S (clofibrate) has been well 
tolerated by most patients. The most common side effect is 
nausea, noted in approximately 5 per cent of cases. Other less 
common gastrointestinal side effects include vomiting, loose 
stools, dyspepsia, flatulence, and abdominal distress. Headache, 
dizziness, fatigue, weakness, skin rash, urticaria, pruritus, 
stomatitis have been reported occasionally. A slight and 
transient rise in serum glutamic oxaloacetic and/or 

glutamic pyruvic transaminases has been observed in some 
patients, but there is no evidence to suggest that this is due 

to hepatotoxicity. A few instances of increased BSP 
retention have been reported. One patient receiving 
butobarbitone, phenobarbital, phenindione, tetracycline, and 
clofibrate developed agranulocytosis which was attributed 
by the investigator to the clofibrate. A few cases of leuko- 
penia have been reported, but relationship to ATROMID-S 
administration has not been established. 

Polyphagia and weight gain have been noted in a few 
patients, It has been suggested that this may be due to 
increased deposition of subcutaneous fat. However, this has 
not been established nor has it been definitely determined 
that the weight gain is drug-related. Instances of weight loss 
have also been reported. One investigator reported 
congestive heart failure in a few patients on clofibrate. 
However, subsequent study by this investigator has shown 
no increase in circulating plasma volume. 

Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed 
a concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittle hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 
been reported; relationship to this drug has not been 
established. 


Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg.) four times daily. 


Supplied: No, 243—Each capsule contains 500 mg. 
clofibrate, in bottles of 100. 


References: 1, Collens, W, S.: Med, 
2, Editorial: Lancet 1:1414 (June P 1968. 3. Stamler, J., et al.: Amer. J 
Nurs. 66:1788 (Au 966. 4. U.S. 


ar.) a ucker, D. R., and Azarnoff, D. L.: 
culation 39:675 (May) 1969, 16. Oliver, M. F.: Bull. N.Y. Acad. Med. 


Med. J. Aust. 2:192 (July 31). 1965. 18. Brown, D. F., and Doyle, J. T.: 


Amer. J, Clin. Nutr, 20:324 (Apr.) 1967. 19, Roe, D. A.: Arch. Derm. 
97:336 LADT 1968. 20. Albert, M, and Stansell, M. J.; Me 


18:635 (Aug: 
AYERST LABORATORIES 
New York, N.Y. 10017 


ATROMID-S® (clofibrate) Is available in the United States by arrangement with Imperial Chemical industries Ltd. 
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Measure the patient, not the paper. 


When paper shrinks or wrinkles, you can find yourself taking 
readings of changes in the paper—not the patient. That won't 
happen with Kodak Linagraph 1930 Paper. It will not change 
size to distort the time-base on vital pressure readings. 

All traces on Kodak Linagraph 1930 Paper are a crisp, read- 
able black-on-white, to make sure you can read and use all 
the information recorded. 

As an added benefit, the Kodak X-Omat Processor and 
chemicals now used for x-ray film in your affiliated hospital 
will process this paper in as little as 90 seconds. 

If you would like more information, simply fill out and 
mail the coupon. Thank you for taking the time to read this 
advertisement. 


New Kodak Linagraph 1930 Paper 
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EASTMAN KODAK COMPANY 7-260 | 

Department 412L, Rochester, N.Y. 14650 | 

O Send literature on Kodak Linagraph 1930 Paper and | 

paper sample | 

C Have representative call | 

| 
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DIURETIC-INDUCED POTASSIUM LOSS 


MAY ‘GOTO HIS HEAD’ 





PREVENT SYMPTOMS OF HYPOKALEMIA WITH... 


KLYTE o ICLYTE GL 


potassium supplement potassium supplement with chloride 


Manifestations of potassium deficiency may range through a variety of signs 
and symptoms including muscular weakness and fatigue... cardiac alterations 
discernible by characteristic ECG tracings...impaired mental function and diminished 
reflexes...impaired respiration... anorexia and abdominal distention. 


The etiology of hypokalemia is also broad, encompassing a number of clinical 
conditions. But most important of all may be a course of treatment that causes 
excessive loss of body potassium—such as thiazide diuretics and corticosteroids. 


No matter what the etiology, the solution is usually potassium 
supplementation. 


What better way to supplement than with K-LYTE or K-LYTE/CL. Efferves- 
cent K-LYTE tablets supply the usually recommended dose of 50 mEq. potassium daily 
in just two tablets. When chloride is also desirable, K-LYTE/CL provides it in the pre- 
ferred 1:1 ratio to potassium. Both forms are accurate and reliable sources of electro- 
lyte replacement. Administration in “pre-dissolved” form reduces the potential for 
G.I. irritation. Finally, you have a choice of three delicious flavors—a taste of oranges, 
tangy lime or fruit punch—all good enough to drive a patient to drink. 


® Each effervescent tablet in ® Each dose of powder in 
as solution supplies 25 mEq. potas- BE solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 


Each tablet or dose must be completely dissolved before taking. 

Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of potassium deficiency. 
Particularly useful when thiazide diuretics or corticosteroids cause excessive excretory potassium losses. Contraindica- 
tions: Impaired renal function with oliguria or azotemia; Addison’s disease; hyperkalemia from any cause. Warnings 
and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, 
and serum potassium level are desirable. In established hypokalemia, attention should also be directed toward other 
potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. K-Lyte/Cl 
contains approximately 20-25 Calories of sucrose per dose which should be considered for patients with restriction of 
caloric intake. Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 
potassium salts. Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, depending 
upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 to 4 ounces of cold or ice water; 
K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold or ice water, The normal adult daily requirement 
is approximately 50 mEq. of elemental potassium. NOTE: It is suggested that these 

products be taken with meals and sipped s ous over a 5-10 minute period. How Supplied: 

K-Lyte: Effervescent tablets—boxes of 30 and 250 (orange or lime flavors). K-Lyte/Cl: Mead Himen 
Powder, cans of 30 measured doses with scoop (fruit-punch flavor). R 

©1972 MEAD JOHNSON & COMPANY © EVANSVILLE, INDIANA 47721 U.S.A. 191372 LABORATORIES 
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/ Functional complaints may result in a 
_ diagnosis of cardiac neurosis, a common and 
-important functional disorder. Excessive 

-= psychic tension can increase heart rate, 
cardiac output and consumption of oxygen. 
It can cause precordial distress, raise the 

_ systolic blood pressure and increase the 
-hearts work load. And once such symptoms 
_ have occurred, they may tend to produce a 
_ vicious cycle of psychic tension/somatic 
-symptoms which may make the patient 

_ think he actually has heart disease. 
When anxiety and tension become 

~ overwhelming, Valiunf (diazepam) can help. 
oi can relieve the psychic tension that can 

_ precipitate many functional cardiovascular 
— complaints. 

Valium is generally well tolerated on 

_ proper dosage. The most commonly 
-reported side effects are fatigue, drowsiness 
and ataxia. Should nighttime anxiety 


interfere with sleep, an 4.5. dose added to 
the b.2.d. or t.i.d. 


: schedule may help valium 


- encourage sleep. ) 
G: 5-mg, 10-mg tablets 
: t.i.d. or q.i.d. o 
_ can help ease somatic symptoms of undue psychic tension. ee : 





Please see following page for summary of product information. _ : : : 


Valium 
(diazepam) 


relieves the 
psychophysiological 
expressions of 
excessive tension 


Prompt action 
Significant improvement is often seen in 
the first few days of therapy, although 
some patients may need more time for a 
clear-cut response. 





High efficacy 
Valium can help relieve tension-produced 
symptoms in patients overreacting to 
situational stress and in patients with 
psychoneuroses. 


Generally well tolerated 
The most commonly reported side effects 
are fatigue, drowsiness and ataxia. Cau- 
tion patient against driving or operating 
dangerous machinery until individual 
response is determined. 





Flexible dosage 
Available in three convenient tablet 
strengths— 2 mg, 5 mg, and 10 mg— 
Valium permits you to tailor your pre- 
scriptions for maximum effectiveness. 





Before prescribing, please consult complete 
product information, a summary of which follows: 

Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, appre- 
hension, fatigue, depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, delirium tremens 
and hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm to local 
pathology, spasticity caused by upper motor neuron dis- 
orders, athetosis, stiff-man syndrome, convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma 
who are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful surveillance be- 
cause of their predisposition to habituation and dependence. 
In pregnancy, lactation or women of childbearing age, weigh 
potential benefit against possible hazard. 

Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed, drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or with sui- 
cidal tendencies. Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to smallest effective 
amount in elderly and debilitated to preclude ataxia or 
oversedation. 

Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests 
advisable during long-term therapy. 

Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric 
or debilitated patients: 2 to 2% mg, 1 or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2⁄2 mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 

Supplied: Valium® (diazepam) Tablets, 2 mg, 5 mg 
and 10 mg; bottles of 100 and 500. All strengths also 
available in Tel-E-Dose® packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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John R.,lying down 
to sleep was a real 
eye-opener. 


= 
bosi 
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B.A., cum laude 
Ph.D. in the making. 


But until recently, it looked as if 
he might not make it. His prob- 
lem: insomnia. Clinically con- 
firmed. Unwanted wakefulness 
every night. It was wreaking 
havoc with his studies. And with 
his personal relationships, too. 
Quaalude®-300 (methaqualone) helped solve John 
R.’s problem...but under rather unusual circum- 
stances. 

John R. volunteered to participate .. . along 
with nine other confirmed insomniacs...in a sleep 
.Study' of experimental design, single blind, to evalu- 
ate Quaalude-300 against a placebo. Sequentially, 
there were three placebo nights, followed by three 
drug nights, followed by four placebo nights. EEG 
recordings were obtained continuously from 2300 to 
0600 hours. He returned for a second period of 10 
days three weeks later. 

Goldstein, et a/.,2 reported that two statis- 
tically significant benefits of Quaalude-300 were 
apparent in this particular study. 

e Time needed for the insomniacs to fall asleep was 
reduced. 
Intermittent periods of wakefulness.. 
among insomniacs.. 
was used. 

Other clinical studies, plus experience in 
medical practice throughout the world, have estab- 
lished the therapeutic value of non-barbiturate 
methaqualone: Quaalude can induce sleep in 10 to 
30 minutes; it usually helps produce 6 to 8 hours 
of restful sleep; Quāālude patients usually awaken 
easily and without evidence of “hangover.” 

Side effects reported have been mild, tran- 
sient, and have often proved to be statistically 
insignificant when compared to placebo effects. 
Psychological dependence occasionally occurs, 
physical dependence rarely reported. (See Brief 
Summary of Prescribing Information.) 

Maybe your patients can benefit as John R. 
did, by your prescribing Quaalude. 


.SO Common 
.were shorter when Quaalude 


Indications: Sleep. Daytime sedation. 
Usual Adult Dose: For s/eep, 150-300 mg. at coe For pa 


tients previously on other hypnotics, 300 mg. folive to sever 
nights. For sedation, 75 mg. t.i.d. or q.i.d. Not re mended i 
children. Dosage should be individualized for aged, debilitatec 
or highly agitated patients. 


Overdosage: Acute overdosage may result in delirium and coma 
with restlessness and hypertonia, progressing to convulsians 
Evacuate gastric contents, maintain adequate venta 
support blood pressure, if necessary. Dialysis may be h 
Analeptics are contraindicated. Succinylcholine accompaniec 
by assisted respiration has been proposed for prolonged con 
vulsions. Overdoses of methaqualone appear to be less ofte 
associated with cardiac or respiratory depression than are over- 
doses of oral barbiturates, but shock and respiratory arrest ma 
occasionally occur. 


Contraindications: Contraindicated in women who are or ma 
become pregnant; or patients with known hypersensitivity. 


Warnings: Take hypnotic dose only at bedtime. Not recom 
mended in children. Warn patient on Quaalude® (methaqualone) 
against driving a car or operating dangerous inery. Care 
needed when administered with other N a or 
psychotropic drugs or alcohol because of possi additive ef- 
fects. Pending longer clinical experience, Quāālude should not! 
be used continuously for periods exceeding three months. Psy- 
chological dependence occasionally occurs. Physical depend- 
ence rarely reported. However, caution needed with addiction- 
prone patients. 


patients with anxiety states where impending. depressio 
suicidal tendencies exist. Give in reduced doses, if at all, in 
tients with impaired hepatic function. 


Precautions: Use with caution and prescribe small quantitiessin 
$ 


Adverse Reactions: Neuropsychiatric: headache, hangover, fa- 
tigue, dizziness, torpor, transient paresthesia of the extremities. 
An occasional patient has experienced restlessness or anxiety. 
Hematologic: aplastic anemia possibly related to methaqualone 
has been very rarely reported. Gastrointestinal: dry mouth, ano- 
rexia, nausea, emesis, epigastric discomfort, diarrhea. Derma- 
tologic: diaphoresis, bromhidrosis, exanthema. Urticaria has 
been particularly well documented. 


Supplied: Quaalude-150 (150 mg. white, scored tablets). 
Quāālude-300 (300 mg. white, scored tablets). 


Consult complete literature before prescribing. 


-on Sleep in Male 
10: 258 


1. A Comparative Study of the Effects of Methaqualone.. 
Chronic Insomniacs, Goldstein, L. et al.: J. Clin. Pharmaco!. 
268, 1970. 


2. An Analysis of Effects of Methaqualone...on Sleep in Insomniac Sub- 
jects, Goldstein, L. et al.: Res. Communications in Chem. Path. and 
Pharmacol. 2: 927-933, 1971. 


a non- aalue 


Quaalude: 300 mg. tablets 


For a good morning after a sleep-through night. 


WILLIAM H. RORER, INC. néfien 
Fort Washington, Pa. 19034 E | 
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| TRANSPORT PHENOMENA IN THE 
- CARDIOVASCULAR SYSTEM 


By. Stanley Middleman, University of Massachusetts, 
“Amherst 

A volume. in the. Wiley-Interscience Series on Bio- 
medical Engineering, edited by John H. Milsum 

This book will provide an opportunity for the bio- 
“logically trained reader to see biophysics and physi- 
“ology recast in the unifying structure of the theory 
‘and methods of transport phenomena, 


1972 299 pages $19.95 


. ENGINEERING IN THE 
HEART AND BLOOD VESSELS 


By George H. Myers, Riverside Research Institute and 
Victor Parsonnet, Newark Beth Israel Hospital 
A volume in. the. Wiley-Interscience Series on Bio- 
médical Engineering, edited by John H. Milsum 

“For engineers and physicians interested particularly 
in cardiac pacemakers and in electrical stimulation 
of the body, this is a most valuable text and reference 
book.” —Sclence 


1969 198 pages $15.25 


CARDIAC ENGINEERING 


Edited by Yukihiko Nosé, Artificial Organs Research 
Laboratories, Cleveland 
A volume in Advances InBiomedical Engineering and 
Medical Physics, a series edited by Sumner N. Levine 
. can be highly recommended to cardiologists 
and others as an introduction to a fascinating and 
very important field.” Annals of Internal Medicine 
1970 384 pages $20.50 


Available trom your bookstore 
or from Dept. 092-A2842-Wl—— 


WILEY-INTERSCIENCE 

a division of JOHN WILEY & SONS, Inc. 

“605 Third Avenue, New York, N. Y. 10016 

In Canada: 22 Worcester Rd., Rexdale, Ont. wiley 


WILEY-INTERSCIENCE, Dept. 092-A2842-WI 
a division of JOHN WILEY & SONS, Inc 
605 Third Avenue, New York, N, Y. 10016, 


Please send me the following book(s): 

C] Middleman, CARDIOVASCULAR (0 471 60233-7), 
@ $19.95 

CC] Myers/Parsonnet, BLOOD VESSELS 
(0 471 62722-4), @ $15.25 

ri Nosé, CARDIAC (0 471 65138-9), @ $20.50 

-0 My check. (money order) for $.............. is 
enclosed. Wiley-interscience pays postage.* 

0] Bill me.* I will pay postage, 


NAMO scien eg ee Paes 
Company... ccc ee eae EE E T 


i x 
eae 





g 


É mk ON Semen Sin: SHON aama aonr m EE aa a aay iaaa aae Han en Kn aa aam me aia 











E RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 8 
leadin 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


Brand of | d t 
Also available in 


Chew and Swallow Tablets 


ORATORIES 
Y. 10017 
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A mini-ccu 
on wheels 


Rush it to the Code 4 patient. 
Station it at any bedside. The 
mobility of General Electric's 
monitoring system fills a real 
need in resuscitation 
procedures, emergency 
surgery, and interfaces with 
any ICU/CCU equipment. 
This flexibility is ideally 
suited to the hospital limited 
in expanding its ICU/CCU 
functions. 





Featured is a new dual trace 
non-fade scope with ECG 
waveform displayed in real 
time plus 6 seconds, and 
cascading capability for an 
additional 6 seconds. 
Waveform can be frozen for 
examination at any time and 
won't fade from view. 


Other components include 
blood pressure amplifier and 
display, ECG amplifier, 
heart rate display, a D-C 


GENERAL QA ELECTRIC 


defibrillator, and automatic 
graph that records a 20- 
second printout upon alarm 
condition. 


For information about the 
Mini-CCU and complete 
patient monitoring systems, 
see your GE representative. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, Leige. 
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Unlimit your 
thinking about 
vascular technics 


Imagine taking advantage of 
some video technics which, 
until now, were largely limited 
to wishful thinking. 


General Electric's Fluoricon" 
300 image system provides 
this means of broadening your 
diagnostic information 
capability. And, by doing so, 
brings video of age for 
cardiovascular and general 
vascular procedures. 


Imagine, specifically, video that 
maintains a consistent image 
as you pan the patient, 
regardless of localized excess 
brightness; video that equalizes 
brightness across the entire 
monitor; enhances contours 
for crisper images; and 
automatically blanks images to 
the circular format for more 
effective presentation. 


Because this capability — and 
more—is a fact, one hospital 
recently went beyond 
imagination. And developed a 
highly sophisticated technic 
for measuring ventricular 
stroke volume, using GE's 
integral video recording 
instead of routine rapid filming. 
Now information is ready in 
minutes, instead of hours. 





GE's new solid state TV camera 
provides one reason why. It's 
coaxially coupled to a new lens 
system to minimize light loss. 
Contributing, too, are a choice 
of image field sizes and 
Maxiray™ 100 x-ray tubes with 
fractional focal spots. 


All told, the system assures 
line pair and image resolution 
never before possible. 


For cine technics, this room 
features biplane capability. 
Cine 180™ cameras mount on 
the AP and lateral intensifiers. 
Result: more than double the 
per-frame recording area of 


standard 16 mm and frame 
rates up to 240 per second. A 
choice of 35 mm cine cameras 
adds recording flexibility. 
Regardless, the cine system 
automatically controls image 
brightness with rapid-response 
pulse width modulation. You 
program kVp, mA peak and 
maximum pulse width. The 
system then maintains the 
chosen film density 
throughout the run. 


Video. Cine. And all the GE 
components combined to 
maximize their efficiency. 
Together they can unlimit your 
thinking about technics. Your 
GE representative can help 
you plan your specific systems. 
Imagine that. 


General Electric Medica! 
Systems, Milwaukee, 
Toronto, Liege. 


GENERAL G ELECTRIC 


Everything but 
the phone for improved 
Pacemaker Patient Management 


Now General Electric brings you 
everything you need for improved 
pacemaker patient management... 
from pacemakers and implant 
systems to the patient sensor and 
rate/interval computer. 


This total GE system enables you 
to check your patient's pacemaker 
over the phone, between regular 
office visits. And then record the 
data in a binder which is past of the 
package. (Patient can check his 
own rate, too, because the sensor 
comes with his pacemaker.) 


The computer is accurate within 
1/10 beat on pulse rate and 1/10 
millisecond on interval, in person or 
over the phone. And costs a 
fraction of competitive instruments. 


The integrated GE system helps 
you maximize pulse generator life, 
minimize emergency replacements 
and schedule elective changes 
based on reliable data. Get the 
facts about the only pacemaker 

-~ patient management system made 


_ by a pacemaker manufacturer 


GENERAL @ ELECTRIC 





in cardiac edema 





Dyrenium 





triamterene 


potassium-conserving diuretic 


acts within 2 hours'—‘‘a single day’s adminis- 
tration can be given with good effect.” 


usual dosage is one capsule twice daily— 
some patients may be maintained on one cap- 
sule daily or every other day. Since the action 
of ‘Dyrenium’ is independent of aldosterone 
levels, dosage need not be increased as aldos- 
terone builds up. 


cost to your patient—22¢ or 11¢ per day— 
based on the cost to the patient for 30 cap- 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. 

*Indications: Edema associated with congestive heart failure, cirrhosis 
and nephrotic syndrome; steroid-induced edema, idiopathic edema, 
edema due to secondary hyperaldosteronism and edema resistant to 
other diuretic therapy. 

Contraindications: Severe or progressive kidney disease or dysfunc- 

tion (possible exception: nephrosis). Severe hepatic disease. Pre- 

existing elevated serum potassium. Hypersensitivity tothe drug. 

Continued use in developing hyperkalemia. Do not give potassium sup- 
plements, either by drug or by diet 

Warnings: Observe regularly for possible blood dyscrasias, liver dam- 
age or other idiosyncratic reactions. Blood dyscrasias have been 
reported. Check BUN and serum potassium periodically, especially in 
the elderly, diabetics, and those with suspected or confirmed renal 
insufficiency. Use in pregnancy only when essential to patient welfare 


Dyrenium (triamterene, SK&F) and spironolactone are not usually used 


sules, including suggested price to pharmacy 
(published list price) plus average dispensing 
charge. Cost per capsule will vary with pre- 
scription size, and from one pharmacy to 
another depending on location, purchasing 
and pricing practices, and additional services 
provided. 


augments the effects of other diuretics—com- 
bined with another diuretic, ‘Dyrenium’ can 
augment diuresis and natriuresis with lower 
doses of each agent. ? 


concurrently; if they are, however, frequent serum potassium determi- 
nations are required 


Precautions: If hyperkalemia develops, withdraw the drug. The follow- 
ing may also occur: electrolyte imbalance, low-salt syndrome (with low 
salt intake), reversible mild nitrogen retention, decreasing alkali re- 
serve with possible metabolic acidosis. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Concomitant use with antihy- 
pertensive drugs may result in an additive hypotensive effect. When 
Dyrenium is to be discontinued after intensive or prolonged therapy, 
withdraw gradually because of possible rebound kaliuresis 


Adverse Reactions: Diarrhea, nausea and vomiting (may indicate elec- 
trolyte imbalance), other gastrointestinal disturbances, weakness, head- 
ache, dry mouth, anaphylaxis, photosensitivity, elevated uric acid, rash 


Note: When combined with another diuretic, the initial dosage of each 
agent should be lower than recommended 


Supplied: 100 mg. capsules in bottles of 100. 


1. Ross, E.J.: Aldosterone and Its Antagonists, Clin. Pharmacol. & Therap. 6:65 (Jan.-Feb.) 1965. 
2. Earley, L.E.: Edema Formation and the Use of Diuretics, California Med. 114:56 (Mar.) 1971 


SKKSF CO. 


Carolina, P.R. 00630 
A subsidiary of Smith Kline & French Laboratories 
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The board meeting is over. 





He had 2 hours of 


angina protection. 


For up to two hours of protection, your 
angina patient needs more than sub- 
lingual nitroglycerin. And Chewable 
Sorbitrate (isosorbide dinitrate) provides more. 


OActs almost as fast as nitroglycerin... 
lasts about 4 times as long. 


OMore stable in air than sublingual 
nitroglycerin: it can be stored or carried 
with no significant loss of potency. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of Action: The mechanism of action of SORBITRATE (isosorbide di- 
nitrate) is unknown, although the basic pharmacologic action is to relax 
smooth muscle. Isosorbide dinitrate reduces in number and severity the 
incidence of angina pectoris attacks, with concomitant reduction in nitro- 
glycerin intake 

Indications: Sublingual and Chewable: For the prevention and treatment 
of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort the acute 
anginal episode. SORBITRATE WITH PHENOBARBITAL is indicated for 
patients in whom the angina pectoris.is accompanied by anxiety or its re- 
lated symptoms 
Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Phenobarbital may be habit forming 

Precautions: Should be used with caution in patients who have glaucoma. 
Tolerance and cross tolerance to other nitrates may occur. r 

Adverse Reactions: Headache which may be severe and persistent. Lower- 
ing the dose and using analgesics will help control the headaches which 
usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with flushing; 
transient dizziness and weakness as well as other signs of cerebral ischemia 
associated with postural hypotension; individual marked sensitivity to the 
hypotensive effects of nitrates wherein severe responses can occur even with 
the usual therapeutic dose (alcohol may enhance this effect); drug rash and/ 
or exfoliative dermatitis 
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NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 








This arug can act as a physiological antagonist to norepinephrine, ace- 
tylcholine, histamine and other agents 
Dosage and Administration: Route: Sublingual, oral and chewable tablets 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are generally given in 
doses of 5 mg. Sublingually or orally, 5 to 10 mg. is the range commonly 
used although doses of up to 30 mg. have frequently been employed 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Sublingual SORBITRATE may 
be taken p.r.n. or at 4 to 6 hour intervals; Oral SORBITRATE may be taken 
3 or 4 times daily. Chewable SORBITRATE may be taken for prompt relief 
of anginal pain 3 or 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SO BITRATE 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 15 to 30 
minutes, 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: Estimated 
to be 4 to 6 hours 

It is recommended that the oral dosage be taken on an empty stomach 


STUART PHARMACEUTICALS | Pasadena, Calif.91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


goes beyond the benefits of sublingual nitroglycerin. 





CHEWABLE 


SORBITRATE 


ISOSORBIDE DINITRATE 5 mg. 
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ement cardiogenic shock... 
Cardiassist 


CARDIASSIST is an external pressure circulatory assist device for producing counterpulsation to augment cardiac output, 
preferentially perfuse the myocardium and enhance perfusion of other vital organs in the treatment of myocardial ischemia and the 
management of cardiogenic shock. Unlike other earlier modalities of circulatory assist by counterpulsation, CARDIASSIST requires no surgical 
intervention or sterile procedures, no anesthesia or anticoagulants, and produces no measurable trauma. It is portable, quiet in operation, 
and can be applied in minutes, making it entirely compatible for use in emergency situations. 

For more detailed information on the CARDIASSIST method of external. pressure circulatory assist, write Medical Innovations, Inc., 

Dept. AJC , 69 Hickory Drive, Waltham, Mass. 02154. Telephone (617) 890-4266. Cable Address: MEDINCORP, Waltham, Mass. U.S.A. 
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Reduce your EKGs- 
to Increase their chances 


Your electrocardiograms have many 
uses. Not the least of which is helping de- 
termine when heart patients are well enough 
to be discharged. 

But once they become outpatients, 
they’re pretty much on their own. 

Now, Xerox can help you and your 
cardiology department extend a service to 
discharged patients that may one day save 
their lives. 

Wallet-sized EKGs. The Xerox 7000 re- 
duction duplicator can produce clearly- 
legible miniature cardiograms for patients 
to carry wherever they go. So in case of an 
emergency, the attending physician can 
begin proper treatment based on an up-to- 
date cardiogram. 

You can even provide EKGs for patients 
with other ailments for more prompt and 
accurate diagnoses. Or for patients in other- 
wise normal health who may have irregular 
heart-wave patterns. 

The 7000 is just one of more than 20 
Xerox machines. They, together with a 
skilled team of medical specialists, are your 
assurance of getting the right equipment 
for the right job. In Medical Records, Ad- 
missions, Business Office, Laboratory and, 
of course, Heart Station. 

For complete information, please 
write: Xerox Business Products Group, 
Dept. 173, Xerox Square, Rochester, New 
York 14644, . 
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Recording 


the heart’s full 


message! 


Due to the transient nature of many 
important cardiac abnormalities, a 
physician must follow the ambulant 
patient as he pursues his normal day to 
day activities. Complimenting the resting 
or stress ECG, the InterMedCraft 
continuous long-term recording and 
rapid scan system is an essential 
adjunct to documenting the heart’s full 
message. 


Typical clinical applications: 


Detection of serious arrhythmic and 
ischemic heart conditions in the 
absence of symptomatic conditions. 


Evaluation of Pacemaker Function. 
Investigative drug studies. 


Isolation of intermittent aberrant 
beats when provided with symptoms 
of angina pectoris, fainting spells, 
or general discomfort. 


Post coronary follow-up 
FEATURES & BENEFITS 


InterMedCraft’s Continuous ECG 
Monitoring System meets the demands 


= 





Portable cassette recorder provides virtually un- 
interrupted data gathering of both patient ECG 
and voice commentary for up to 8 hours, with 
simple cassette change for 8, 16, or 24 hour 
periods without battery change. 


Use of specially designed pre-gelled electrodes 
minimizes artifacts in long-term monitoring. 


of the practicing physician. In actual use, 
it has proven to be a reliable, 
simple-to-operate, durable system 
providing diagnostic frequency response 
and many additional benefits. 


CASSETTE RECORDER 


Cassette recording 
Simplifies tape loading, handling 
and storage. 


Portable size 

773" x 4Y2" x 214"; 3 Lbs. Easily worn 
by patient with shoulder strap 

or waist belt. 


Patient voice channel 
Precise coordination of symptomatic 
conditions with cardiac abnormality. 


Built-in calibrate signal 
Physician can introduce a 1 mv input on 
the tape via "calibrate button.” 


Direct electronic display 

Cable trom recorder to reproducer 
permits “live” display of ECG signal, 
thus verifying operation. 





In rapid scan operation, the reproducer will play 
back every heart beat for an 8 hour period in 15 
minutes. Facilitating abnormality identification, 
one screen provides both a sweep series of 
PQRST images (3-5) and heart rate trend; the 
latter as a vertical sweep of a horizontal line 
Additionally, rate changes in scan are plotted 
(1mm per sec.) on the ECG pen chart recorder 
Simple pushbutton automation reproduces signif- 
icant events on scope screen and/or pen chart 
recorder. An audible signal depicts rhythm ab- 
normality and voice commentary. 


InterMedCraft 


A SUBSIDIARY OF THE HITTMAN CORPORATION 





One-step “on/off” operation 
Simplifies operation for physician/ 
nurse and patient. 


Economical operation 
Utilizes standard rechargeable 
batteries and cassettes. 


REPRODUCER/ SCANNER 


Rapid scan 32:1 


Each 8 hour recording can be searched 
in 15 minutes. 


Sweep signal display 
Facilitates search as each complex can 
be compared against its predecessor. 


Digital rotation counter 
Allows precise coordination of elapsed 
time and signal location. 


Rate and voice commentary 
presented aurally 


Changes in rate or presence of 
commentary are readily distinguishable 


ECG Systems 
InterMedCraft Corporation 
2710 Forest Lane 

Dallas, Texas 75234 


I 
l 
| 
l 
| @ InterMedCraft sales and service 
centers are located across the 
l country to assure continuing cus- 
| A tomer satisfaction 
I independent Regional Centers under a cardiologist's 
| supervision are strategically located to provide 
scanning services to physicians who purchase only 
I the continuous ECG recorder 


Please send me further information: 


C InterMedCraft Continuous Monitoring ECG System 
O Nearest Regional Screening Center 
Have a Representative contact me 
(J For a demonstration 
(J To discuss my specific requirements 


| NAME 

l ADDRESS 

(City... STATE 

l zip TELEPHONE 
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System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO2 to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO> is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data’ show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized**: 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


*patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVL, 1970. 

**U.S. Patent #3,347,452 


Datascope System 80 


ATASCOPE SYSTEM 80 
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Marion 
announces 


the availability 
of long-acting 
nicotinic acid 


All the benefits of nicotinic acid plus— 
@ Prolonged, smooth, sustained release 
@ Medication timed for lasting effect 

@ Avoids sudden onset of action of 
tablets taken many times a day 

@ Minimizes nicotinic acid reaction often 
causing patient concern 

@ Convenient dosage less likely to be 
forgotten by patient 

@ if physician desires all-day and 
all-night nicotinic acid therapy, 
patient may take with coffee, juice 

or milk in the morning and before 
retiring at night 


Long-acting 


NICO-400 


(niacin, 400 mg) 
Plateau CAPS 


Indications: NICO-400™ is recommended 
for use in the correction of nicotinic acid 
deficiencies. 

Contraindications: History of peptic ulcer, 
severe diabetes, impaired liver function, 
severe hypotension and hemorrhaging. 
Adverse Reactions: Cutaneous flushing, 
increased gastrointestinal motility and 
sebaceous gland activity. 

Dosage and Administration: One capsule 
daily or as directed by physician. 
Caution: Federal law prohibits dispensing 
without prescription, 


Another patient benefit product from 


[M| MARIO 


LABORATORIES. INC. 
KANSAS CITY, MO. 64137 





ive power of Clinically significant anxiety 


in angina pectoris... ~ = 





During anginal attacks, patients may suffer intense 
apprehension. More frequently, however, they experience a 
continuing sense of less severe but nonetheless dispropor- 


tionate anxiety. 


Reduction of such clinically significant anxiety is 
important, since undue emotional stress may precipitate 


further anginal episodes. 


Adjunctive Librium (chlordiazepoxide HCl) may be 


especially suitable for relief of clinically significant 
anxiety and emotional tension in anginal patients 


because of its generally prompt therapeutic effective- 
ness and wide margin of safety. In a recent double-blind 
randomized study,* Librium (chlordiazepoxide HCI) 
was administered for relief of moderate anxiety in 20 
anginal patients seen in office practice over a 20-week 


period. Symptoms of emotional distress related to 


anxiety were rated at base-line, one week, two weeks 
and monthly thereafter. Relief was obtained notably 
early in therapy. The clinical results demonstrated that 
Librium offers the coronary patient an antianxiety drug 
that, in the author’s opinion, is both effective and safe. 
In general use, the most common side effects reported 


have been drowsiness, ataxia and confusion, 
particularly in the elderly and debilitated. (See 
summary of prescribing information.) 


Librium (chlordiazepoxide HCl)is used concomitantly 
with certain specific medications of other classes of 
drugs, such as cardiac glycosides, diuretics and antihy- 
pertensive agents, whenever anxiety is clinically signifi- 
cant. The drug should be discontinued after anxiety has 


been reduced to appropriate levels. 


The positive power of 


K 
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um 
(chlordiazepoxide HCI) 


10-mg, 25-mg capsules 
up to 100 mg daily 


for moderate 
to severe anxiety 


accompanying angina pectoris 


Before prescribing, please consult complete product 
information, a summary of which follows: 


Indications: Indicated when anxiety, tension and apprehension 
are significant components of the clinical profile. 
Contraindications: Patients with known hypersensitivity to the 
drug. 

Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants. As with all CNS-acting drugs, 
caution patients against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, driving). Though 
physical and psychological dependence have rarely been reported 
on recommended doses, use caution in administering to addiction- 
prone individuals or those who might increase dosage; withdrawal 
symptoms (including convulsions), following discontinuation of 
the drug and similar to those seen with barbiturates, have been 
reported. Use of any drug in pregnancy, lactation, or in women of 
childbearing age requires that its potential benefits be weighed 
against its possible hazards. 


Precautions: In the elderly and debilitated, and in children over 
six, limit to smallest effective dosage (initially 10 mg or less per 
day) to preclude ataxia or oversedation, increasing gradually as 
needed and tolerated. Not recommended in children under six. 
Though generally not recommended, if combination therapy with 
other psychotropics seems indicated, carefully consider individual 
pharmacologic effects, particularly in use of potentiating drugs 
such as MAO inhibitors and phenothiazines. Observe usual pre- 
cautions in presence of impaired renal or hepatic function. Para- 
doxical reactions (e.g., excitement, stimulation and acute rage) 
have been reported in psychiatric patients and hyperactive aggres- 
sive children. Employ usual precautions in treatment of anxiety 
states with evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely in 
patients receiving the drug and oral anticoagulants; causal rela- 
tionship has not been established. clinically. 


Adverse Reactions: Drowsiness, ataxia and confusion may occur, 
especially in the elderly and debilitated. These are reversible in 
most instances by proper dosage adjustment, but are also occa- 
sionally observed at the lower dosage ranges. In a few instances 
syncope has been reported. Also encountered are isolated instances 
of skin eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased and 
decreased libido —all infrequent and generally controlled with 
dosage reduction; changes in EEG patterns (low-voltage fast 
activity) may appear during and after treatment; blood dyscrasias 
(including agranulocytosis), jaundice and hepatic dysfunction 
have been reported occasionally, making periodic blood counts 
and liver function tests advisable during protracted therapy. 
Supplied: Librium® Capsules containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide HCI. Libritabs® Tablets containing 5 mg, 10 mg 
or 25 mg chlordiazepoxide. 

*Levine, S.: “Angina Pectoris and Emotional Overlay,” Scientific 
Exhibit presented at the Annual Meeting of the Maine Medical 
Association, Kennebunkport, Me., June 13-15, 1971. 


A copy of the Levine study may be obtained from your 
Roche representative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


















































the only specific, competitive aldosterone 
antagonist for gradual, sustained diuresis with 
minimal possibility of potassium loss... 
especially indicated for the digitalized patient 


@ Produces a gradual, sustained diuresis 
which, over a period of weeks, may be 
greater than that produced’ with furose- 
mide or ethacrynic acid, while avoiding the 
dangers of sudden fluid or electrolyte deple- 
tion common with fast-acting diuretics. 


@ Helps prevent digitalis toxicity due to low 

myocardial potassium levels by helping to 

retain or restore myocardial potassium 

through its '’... action on the kidney, where 

it blocks’ aldosterone action, and perhaps 

by direct cellular action as well...."' In con- 
trast, thiazides, furosemide and ethacrynic 

acid cause potassium loss which can poten- 
tiate’ myocardial potassium outflow. 


@ May be combined with other diuretics 
for an additive effect—permitting lower 
dosages with each agent while helping to 
maintain potassium balance. 


Manufactured by SEARLE & CO. 
San Juan, Puerto Rico 00936 
Address medical inquiries to: 


G. D. Searle & Co., Medical Department 
P.O. Box 5110, Chicago, Illinois 60680 


Research in the Service of Medicine 
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Indications—-Essential hypertension; edemo or oscites of congestive heart failure cirs 
chosis of the liver and the nephrotic syndrome; idiopathic edema. Some patients with 
malignant effusions may benefit from Aldactone, particularly when given with'a thias ; 
zide diuretic. ; 

Contraindications-—Acute renal insufficiency, rapidly progressing impairment of res 
nal function, anuria and hyperkalemia. os 

Warnings~-Patassium supplementotion may cause hyperkalemia and is not indicated: 
unless a glucocorticoid is also given. Discontinue potassium supplementatian if hyper. 
kalemia- develops. Usage of any drug in women of childbearing age requires that the po- 
tential benefits of the drug be weighed aguinst its possible hazards to the mother and 
fetus, 

Precautions Patients should be checked carefully since electrolyte imbolance. may 
occur. Although usually insignificant, hyperkalemia may be serious when renal impair- 
ment exists; deaths have occurred. Hyponatremia, manifested by dryness of the mouth; 
thirst, lethargy and drowsiness, together witha low serum sodium may be caused-ar 
aggravated, especially when Aldactone is combined with other diuretics, Elevation of 


BUN moyoccur, especially when pretreatment hyperazotemia exists. Mid acidosis may. 


occur; Reduce the dosage of other antihypertensive drugs, particularly the ganglianic 
blocking agents, by at least 50 percent when adding Aldactone since it may potentiate 
their action. 

Adverse Reactions Drowsiness, lethargy, headache, diarrhea and other gastroin- 
testinal symptoms, maculopapular or erythematous cutaneous eruptions, urticaria, men: 
tal confusion, drug fever, ataxia, gynecomastia, mild androgenic effects, including 
hirsutism, irregular menses and deepening voice, Adverse reactions are infrequent and 
usually reversible, : 

Dosage and Administration For essential hypertension in adults the daily dosage is 
5010.100 mg. in-divided doses, Aldactone may be combined with a thiazide diuretic i 
necessary. Continue treatment for two. weeks or longer since an adequate response moy 
not occur sooner, Adjust subsequent dosage according to response of potient, 

For edema, ascites. or effusions in adults initial daily dosage is 100. mg: in divided 
doses. Continue medication for at least five days to determine diuretic response; ade.a 
thiozide-or organic mercurial if adequete diuretic response has not occurred, Aldie 
tone dosage should not be changed when other therapy is added, A daily dosage of 
Aldactone considerably greater than 75 mg. may be given if necessary, 

A glucocorticoid, such as 15 10°20 mg. of prednisone daily, may be desirable for pg 
tients with extremely resistant edema which does not respond. adequately to Aldactone 
ond a conventional diuretic, Observe the usul precautions opplicable to glucocortiaeld 
therapy; supplemental potassium will usually be necessary. Such patients frequently 
have an-associated hyponatremio--restriction of fluid intake to | liter per day or ag- 
ministration of mannitol or urea may be necessary (these measures ore contraindicated 
in patients with uremia or severely impaired renal function). Mannitol is controindi- 
cated in potients with congestive heart failure, and urea is contraindicated with o history 
or signs of hepatic coma unless the patient is receiving antibiotics orally to “stenilize’. 
the gastrointestinal tract. he 

Glucocorticoids should probably be given first to patients with nephrosig. singe Aldae: i., 
fone, although useful for diuresis, will not directly affect the Dosie pathologie process: 

For children the daily dosage should provide 1.5 mg, of Aldactone per pound of body 
weight. 

References: 1. Davis, J. O.: Hosp. Pract, $:63-76 (Oct) 1970. 2. Loragh, J) Hi Hosp: 
Proct. $:43-50 (Nov.) 1970. 3. Tourniaire, A., and others: Lyon Med. 293-707-714 (March 
29) 1970, 4. Seller, R. H.: Quoted in Medical News Section, JAMA., 215-200-201 (on. 
11971. 112 





A New Concept in 
Drug Reference Help 
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This newest edition (eleventh) is the most comprehensive and easy-to-use we ER 
have ever published in the series of this prestigious, standard work—a direct NN 
reflection of 34 years experience in publishing drug information. S8 
k 

Single-entity drugs in current use are listed alphabetically by generic name in the RR 
General Text. Combination drugs are listed by Brand Name. Immediately pre- AS 
ceding each drug monograph are listed the Brand-Name Cross-References. Each Sy 
monograph includes Chemical Name . . . Description . . . Indieations . . . Contra- AS 
indications ... Precautions... Warnings .. . Adverse Reactions .. . Dosage and 
Administration ... Brand-Name of Drug... Manufacturer. 

‘ TAP. ax 2 ay 3 Ny 
Another innovation is the collation into separate chapters of such similarly-acting 
drugs as The Adrenal Corticosteroids . . . Erythromycins . . . Fluoride- Vitamins 
...Insulins . . . Penicillins . . . Phenothiazines . . . Antibacterial Sulfonamides. . . 





Thiazide Diuretics. 


The MODERN DRUG ENCYCLOPEDIA also provides a completely up-to- 
date Therapeutic Index and a Manufacturers’ Index. 


The MODERN DRUG ENCYCLOPEDIA and THERAPEUTIC INDEX is 
never obsolete. At no extra cost, you receive for a period of two years—as a 
supplement to the Encyclopedia—the unique reporting service, MODERN 
DRUGS, that tells everything you want to know about new drugs and new 
dosage forms of drugs listed in the Encyclopedia. 





Physician edited for medical accuracy, it embodies the high publishing standards 
of The YORKE MEDICAL GROUP. The organization of material in the Ency- 
clopedia provides an entirely new concept in a drug reference service for the 
practicing internist, cardiologist and surgeon. 


The Encyclopedia, attractively bound in a hard cover, centains 788 pages, and 
measures 6 X 9 inches. 


MODERN DRUG USE THIS FORM TO ORDER YOUR COPY 


Please ship a copy of the new (11th) edition of MODERN DRUG EN- 


ENCYCLOPEDIA CYCLOPEDIA AND THERAPEUTIC INDEX. I will receive without extra 


cost the two year supplementary service MODERN DRUGS. Remittance of 
$26.00* is enclosed. (Thank you) 
666 Fifth Avenue, 











New York, N.Y. 10019 Name 

A Publication of Address _ 

THE YORKE 

MEDICAL GROUP / City State Zip Code 








DUN e DONNELLEY 





*You save shipping cost by remitting now. AJC 
For delivery in New York State please add appropriate sales tax. In New York City 7% 
(FOREIGN PRICE $35.00 PLUS $.50 SHIPPING CHARGE. 

PLEASE REMIT IN US. FUNDS.) 


AO Minvr-Pacer: 
Meters the heart 
instead of the pacer. 


Only AO’s Mini-Pacer has all the 
important features. A meter that 
shows you when a pulse is deliv- 
ered to the heart—not just fired. 
Batteries that drop in either 
way — polarity doesn’t matter— 
with circuitry that continues to 
pace for a full 30 seconds to permit safe changeover. 
Insulated terminals that protect against short circuits 
or grounding. The Mini-Pacer has the ability to with- 
stand up to 500 watt-seconds of defibrillating energy. 
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The Mini-Pacer. Traditional AO quality, reliability, 
performance. A battery powered, strap-on, extra- 
corporeal demand pacer designed for short term 
treatment of conduction and rhythm disorders of the 
heart. For complete data, contact The Medical Divi- 
sion, American Optical Corporation, Crosby Drive, 
Bedford, Mass. 01730. 


AMERICAN OPTICAL 
CORPORATION 
MEDICAL DIVISION 


Fine medical instruments to extend man’s life. 


VIDA... Life for hearts too good to die 





The emperor in Ancient China trusted his Pekingese dogs to 
protect him from stealthy attack. Brave and fiercely loyal 
beyond their diminutive size, the “lion dogs” never left their 
royal master’s side. No commoner was allowed to own a peke, 
on penalty of death. 


Modern man has VIDA to watch over him. Everyone with heart 
trouble can now have a. pocket-sized monitor to warn him if 
ventricular fibrillation, the silent killer, is imminent. Triggered by 
VPCs or abnormal rate, the alert should give time for life-saving 
therapy. 





PEE of a series. Ror raducigis suitable for framing on y rete 


For details, write to: 


| LEV CARDIODYNAMICS -VIDA MEDICAL SYSTEMS 


6841 Dublin Boulevard, Cublin, California 94566 (4153 828-9400 
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Natural History of Mild Congenital Aortic 
Stenosis Elucidated by Serial Hemodynamic Studies 
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There is a paucity of information on the natural history of congenita 
aortic stenosis. This report analyzes serial clinical and hemodynam 
data obtained prospectively from 15 initially asymptomatic childre 
with congenital aortic stenosis. The first hemodynamic study was 
performed at an average age of 8.5, and the follow-up study at an 
average age of 15.1 years. The cardiac index was consistently normal 
in all patients. The peak pressure difference across the left ventricular _ 
outflow tract increased between initial and final studies in 12 of the 15 
patients. The gradient ranged from 5 to 45 mm Hg (mean 26) during © 
the first study, and from 15 to 81 mm Hg (mean 44) at follow-up . 
examination. Severe obstruction (gradient >50 mm Hg, normal car- 


‘diac output; or calculated aortic valve orifice <0.7 cm?/m? body — 


surface area) developed in 6 of the 15 patients. In general, there was | 
a poor correlation between the presence of symptoms, the electro- | 
cardiographic and radiographic findings and the severity of obstruc- 
tion in any individual patient. The results of this study indicate that _ 
congenital aortic stenosis may be a progressive disorder, even early _ 
in life, in a significant fraction of patients presenting initially with | 
mild obstruction. ae 


Elucidation of the natural history of congenital aortic stenosis has — 
been impeded by the almost simultaneous development of the hemo- 
dynamic techniques for assessing the degree of obstruction and the 
surgical methods for its relief. As long as it is the general policy to 
correct this malformation in children with severe stenosis, even in the | 
absence of symptoms,! it is unlikely that there will be substantial new _ 
information concerning the progress of this form of the disease. How- | 
ever, an opportunity existed to learn something of the natural history 
of milder forms of obstruction by investigation, ina prospective fash- 
ion, of a group of patients whose hemodynamic assessment indicated _ 
that the obstruction was too mild to warrant surgical correction. The 
results of this study form the basis of the present report. 


_ CONGENITAL AORTIC STENOSIS—COHEN ET AL. 


TABLE | 
= Serial Hemodynamic Data 
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l ra tens ramen ioe Aortic Valve 
Case Age Left Ventricular Systemic Arterial Peak Systolic Orifice Index 
no. Date (yr) Pressure Pressure Gradient Cl (em?/m?) HR BSA Comments 
a tt etm eee 
1 1/61 13 147/12 102/60 (BA) 45 4.68 0.67 98 1.38 TS 
9/67 19 182/19 101/70 (Ao) 81 3.91 0.55 72 1.75 R 
2 1/62 10 130/9 96/65 (BA) 34 4.01 0.92 85 0.88 TS 
3/67 15 185/15 117/76 (Ao) 68 4.57 0.63 95 1.34 R, mild AR 
3 9/60 11 155/9 110/85 (BA) 45 bits Pe 112 1.32 LVP 
3/67 18 164/10 103/73 (BA) 61 3.8 0.59 82 1.52 LVP 
4 3/61 6 142/4 100/60, (BA) 42 4:6 0.72 102 0.92 TS 
4/67 12 160/11 100/70 (BA) 60 5.05 ete 120 1,62 R, mild AR 
5 4/62 11 120/14 100/64 (FA) 20 4.4 1.0 75 0.86 LVP 
9/67 16 145/13 92/52 (Ao) 53 3.89 0.6 68 1.22 R 
6 9/60 14 155/12 120/85 (BA) 35 3.23 0.80 - 105 1.90 TS 
5/67 21 210/30 157/92: (BA) 54 3.06 0.47 82 2.04 R 
7 10/59 5 110/3 100/60 (BA) 10 abe wes 79 0,76 LVP 
3/67 13 161/11 116/76 (Ao) 45 4,85 0.79 94 1,37 R 
8 8/62 5 134/8 92/58 (FA) 42 5.47 0.97 110 0.82 TS 
6/67 10 150/12 105/70 (Ao) 45 5.45 0.87 95 1.20 R 
9 7/57 4 139/4 124/70 (FA) 15 eee et 90 1.48 LVP 
5/64 11 181/8 143/80 (BA) 38 4,54 1.06 62 2.06 R 
10 1/62 5 145/8 110/75 (BA) 35 3.89 0.86 90 1.12 TS 
5/67 10 138/12 110/65 (Ao) 28 3.43 0.92 64 1.69 R 
11 7/58 9 130/8 125/63 (FA) 5 hee Jos 100 a 1.05. LVP 
6/67 18 130/7 95/65 (Ao) 35 BAT HR ade x 1260. 1.72 R 
12 11/59 4 120/10 85/50 (BA) 35 iat Aa 75 a E OS TS 
5/67 12 130/8 96/60 (BA) 34 Dx Sor “60. 1.76 TS 
13 4/59 5 112/7 102/64 (BA) 10 g bias 110 0.66 LVP 
6/67 13 127/15 97/70 (Ao) 30 3.82 0.98 70 ee Tide R 
14 1/62 6 120/9 114/78 (BA) 6 3.44 eae 80 0.91 TS 
6/67 11 147/10 132/80 (Ao) 15 5.08 Per 85 1.28 R 
15 8/58 19 154/13 138/54 (BA) 16 3.33 oe 84 1.98 TB 
3/67 28 131/12 116/75 (Ao) 15 2.38 ce 84 21.95 R 


p SNOSE EEO TRH CCC CNC CC COC CI 

Ao = aortic root pressure; AR = aortic regurgitation; BA = brachial arterial pressure; BSA = body surface area (m2); Cl = cardiac in- 
dex (liters/min per m*); FA = femoral arterial pressure; HR = heart rate (beats/min); LVP = percutaneous left ventricular puncture; 
R= retrograde arterial catheterization; TB.= transbronchial left heart catheterization; TS = transseptal leftheart catheterization. 


Methods 


gradient exceeding 50 mm Hg in association with a nor- 
mal cardiac output, or an effective aortic orifice less than 


A total of 15 patients with congenital aortic stenosis 0.7 om? /m? body surface area (Table I). 


were studied. hemodynamically on more than 1 occasion at 
the National Heart and Lung Institute between 1958 and 
1967. All were asymptomatic, but the initial catheteriza- 
- tion was carried out (1) to confirm the clinical diagnosis, 
(2) because the clinical examination, chest roentgenogram 


< or electrocardiogram suggested the possibility that severe 


obstruction existed to left ventricular outflow, or (3) for 
both reasons.! ; 

The average age at which the initial hemodynamic 
study was performed was 8.5 years (range 4 to 19); 14 of 
the patients were male, and 1 was female. Left heart 
catheterization was carried out by the transseptal method 
in 9 patients and by percutaneous puncture of the left 
ventricle in the other 6 (Table I). Operation. was consid- 
zered not indicated after this initial study since there was 
no severe obstruction, defined as a peak systolic pressure 


All patients returned for a second hemodynamic evalua- 
tion at an average age of 15.1 years (range 10 to 28), that 
is, an average of 6.6 years {range 5 to 9) after the initial 
study, At this time the retrograde arterial approach to the 
left ventricle was employed in 14 patients and the trans- 
septal method utilized in 1 patient. Withdrawal tracings 
and selective left ventricular angiocardiograms localized 
the ebstruction to the level of the aortic valve in all but 1 
patient who had discrete subaortic stenosis (Case 2). An- 
giccardiography with injection of contrast. material into 
the aortic root was employed to evaluate those patients 
with suspected aortic regurgitation. 

Associated congenital cardiovascular malformations 
were present in 2 patients; a patent ductus arteriosus was 
present in 1 (Case 9) and coarctation of the aorta in the 
other (Case 14). In these 2 patients the “initial” hemody- 


_ © Figure 1. Graphic representation of the se- 





The hatched horizontal bars represent the 
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‘rial hemodynamic data of the 15 patients. 407 
mean values for the group. Values for pres- 
sure are in millimeters of mercury, for car- 
diac index in liters per minute per square 
meter and for valve orifice index in square 
centimeters per square meter. 
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namic data presented here were obtained 12 and 6 months 
after ductus ligation and resection of coarctation, respec- 
tively. 


Results 


Symptoms: All 15 patients were asymptomatic 
at the time of initial hemodynamic evaluation, and 
all but 1 remained free of symptoms at follow-up 
study. Patient 2, with discrete subaortic stenosis, ex- 
perienced fatigue and dizziness which were associ- 
ated with a significant increase in the severity of ob- 
struction noted at the time of recatheterization, 5 
years after the initial study. Bacterial endocarditis 
did not complicate the course of any patient. 

Physical findings: There were no important 
predictive differences in the physical findings be- 
tween patients who did and who did not demon- 
__. Strate a substantial progression in the severity of ob- 

“struction. Normal growth and development were ob- 
served in all 15 patients. A left ventricular lift, sys- 
tolic thrill, an early systolic ejection sound (except in 
Case 2) and an ejection murmur were noted in all 
patients. A faint aortic diastolic blowing murmur 
was absent at the time of the initial examination but 

was detected in 2 patients (Cases 2 and 4) at the 
time of restudy; significant changes were not ob- 
served in the systemic arterial diastolic or pulse 
pressures in these 2 patients, and their degree of aor- 
tic regurgitation was judged to be trivial. 

Electrocardiographic findings: Normal tracings 
were noted throughout the follow-up period in 8 pa- 
tients, in 1 of whom (Case 1) obstruction became se- 
vere. In the remaining 7 patients the voltage cri- 
teria for left ventricular hypertrophy existed at the 
time of initial hemodynamic study and persisted 
~ with little change up to the time of repeat catheteri- 
zation. A left ventricular “strain” pattern consisting 
of voltage criteria for left ventricular hypertrophy, 
~ S-T segment depression and T wave inversion in the 
left precordial leads was consistently observed in 1 
patient (Case 6) but did not evolve in any patient. 

Radiographic findings: Posteroanterior, lateral 
and oblique roentgenograms of the chest with bari- 
um in the esophagus were obtained serially in each 
patient during the follow-up period. The overall 
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heart size and contour were initially normal in 11- 
patients and remained so in 7; in the other 4 patients 
with initially normal films, the roentgenographic — 
changes were subtle and consisted of rounding and — 
posterior displacement of the left ventricular silhou- _ 
ette. These same features of mild left ventricular hy- 
pertrophy were observed at the time of initial exam- z 
ination in the remaining 4 patients in the group and 

did not change during the period of observation. AIL 
15 patients showed poststenotic dilatation of the as-— 
cending aorta throughout the study period, and none . 
had radiographic evidence of calcification of the aor- 
tic valve. = 

Hemodynamic data: The hemodynamic findings. a 
are presented in Table I and Figure 1. Right heart _ 
pressures were normal in both the initial and final 
studies in all but Patient 9, who had a persistent 
mild elevation of the pulmonary arterial pressure 
level after ligation of a patent ductus arteriosus. 

The techniques employed in each catheterization 
are indicated in Table I. Cardiac output was deter- 
mined by the indicator-dilution method in 25 of the 
30 studies. In the absence of aortic regurgitation, the 
Gorlin formula was utilized to calculate the area of 
the aortic valve orifice.? The site of obstruction was 
localized to the aortic valve level in 14 patients and 
to the immediate subaortic region in 1, by pull-back 
pressure recordings or selective cineangiograms with 
injection of contrast material into the left ventricle, 
or both. Aortic root cineangiograms detected mini- 
mal aortic regurgitation in 2 patients (Cases 2 and 4) 
at the time of the second hemodynamic evaluation. 

The cardiac index was not abnormally low in any 
patient. The peak pressure difference across the left 
ventricular outflow tract increased between the ini- 
tial and final studies in 12 of the 15 patients. The 
peak systolic gradient ranged from 5 to 45 mm Hg 
(mean 26) during the first study, and from 15 to 81 
mm Hg (mean 44) during the second evaluation. 
Similarly, the left ventricular systolic pressure in- 
creased from an average of 133 mm Hg (range 110 to 
155) to 155 mg Hg (range 127 to 210) during the fol- 
low-up period. Severe obstruction, arbitrarily defined 
as a peak systolic pressure gradient in excess of 50 
mm Hg associated with a normal cardiac output 
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(that is, 2.5 to 5.0 liters/min per m?) or as a calcu- 
- lated effective orifice less than 0.7 cm?/m? body sur- 

-face area, developed in 6 of the 15 patients. In 3 addi- 
- tional patients (Cases 7, 9 and 11) obstruction in- 
creased but did not reach these levels. In the other 6 
patients little change occurred in the measured se- 
~ verity of obstruction. 
It was not possible from the data collected to as- 
_ sess the effects of persistent stenosis on the intrinsic 
mechanical properties of the left ventricle; however, 
left ventricular end-diastolic pressure increased to 
abnormally elevated levels (>12 mm Hg) in 3 of the 
6 patients who experienced severe obstruction and in 
1 of the other 9 patients. 

In 4 of the 6 patients in whom severe obstruction 
developed it was possible to compare the relative in- 
creases in body surface area with the effective valve 
orifice area. Although the increase in body surface 
area averaged 33 percent in these children during the 
years of follow-up, the calculated valve orifice area 
increased by only 3.6 and 3.7 percent, respectively, 
in 2 and decreased by an average of 25 percent in the 
other 2. In contrast, in 2 patients whose obstruction 
did not become severe, the incréments in valve ori- 
fice area (average +46 percent) and body surface 
area (average +49 percent) during the interval be- 
tween hemodynamic investigations were comparable. 


Discussion 


There is a paucity of information on the natural 
history of congenital aortic stenosis. Long term fol- 
low-up studies based on serial clinical examinations 
suggest that progressive obstruction may occur be- 
yond childhood.?: Reported serial hemodynamic 
data are retrospective and concern only 16 pa- 
tients.>-8 In a recent retrospective analysis® the de- 
gree of left ventricular outflow obstruction pro- 
gressed significantly in 7 of 9 children with valvular 
aortic stenosis. Five of these children, with either 
mild or moderate obstruction at the time of initial 
evaluation, were later found to have more severe aor- 
tic stenosis, with peak systolic left ventricular-aortic 
pressure gradients in excess of 50 mm Hg in the pres- 
< ence of a normal cardiac output. In that study, the 

remarkably high incidence of development of severe 
obstruction could be attributed in part to the fact 
>that the patients were selected for repeat catheteri- 
zation from a much larger group of patients only 
when intensification of obstruction was suspected on 
clinical grounds or on the basis of electrocardio- 
graphic or roentgenographic studies. Since the pres- 
ent investigation was prospective in design, the serial 
hemodynamic observations obtained may be consid- 
ered to reflect the natural history of congenital aortic 
stenosis more accurately. 

We recognize, however, that the current study is 
not entirely free of problems in patient selection, 
since the initial hemodynamic determinations were 
obtained only in those children suspected to have 
more significant obstruction. It also was not possible 


to maintain the technique of left heart catheteriza- 
tion constant over the course of the study; in each 
patient the technique used was that deemed safest at 
the time of study to measure the gradient across the 
aortic valve. Since we were dealing with patients 
with a wide age range, during a period (1958 to 1967) 
when various techniques of left heart catheterization 
were undergoing evolution, different techniques were 
often employed in the same patient in the 2 studies. 

The major finding of this investigation is that aor- 
tic stenosis of sufficient severity to warrant operation 
developed in 6 of the 15 children (40 percent) studied 
over a 5 to 7 year interval. A smaller but significant 
increase in the severity of obstruction was seen in 3 
of the remaining patients, although in these, severe 
stenosis as previously defined was not present at re- 
study. Implicit in these findings is the suspicion that 
a longer follow-up period would have identified even 
more patients in whom critical obstruction devel- 
oped. 

Data being collected by the American Heart Asso- 
ciation-sponsored Congenital Heart Disease Natural 
History Study® indicate a lower frequency (approxi- 
mately 30 percent) of development of severe obstruc- 
tion 4 to 8 years after the initial detection of mild or 
moderate aortic stenosis (Edward Lambert, MD, 
personal communication). Nonetheless, although the 
precise incidence of the progression of stenosis differs 
in these studies, it is clear that congenital aortic ste- 
nosis is frequently a progressive disorder, even early 
in life, in a significant fraction of patients presenting 
initially with mild obstruction. It would appear that 
clinical deterioration with time may be anticipated 
because of an intensification of the severity of ob- 
struction rather than development of significant aor- 
tic regurgitation. 


Relation to adult calcific aortic stenosis: There 
is now evidence, largely based on pathologic studies, 
that in the majority of patients presenting in adult 
life with isolated calcific aortic stenosis the latter de- 
velops on a congenitally deformed valve.5 When 
these data are combined with the results of our in- 
vestigation, mild congenital aortic stenosis emerges 
as a gradually progressive disease in many patients; 
in childhood the size of the orifice may remain rela- 
tively fixed as growth occurs. As a consequence, the 
obstruction increases relative to the perfusion needs, 
and the transvalvular pressure gradient increases. 
Presumably, as a consequence of the mechanical 
stresses acting upon the abnormal valve for many 
years, progressive calcification occurs during adult 
life, further restricting the mobility of the aortic leaf- 
lets and intensifying the severity of obstruction to 
left ventricular outflow. Symptoms then develop 
usually much later, when the hypertrophied and fi- 
brotic left ventricle is unable to continue to sustain 
the progressively increasing mechanical burden im- 
posed upon it by the stenotic, rigid aortic valve. 


Clinical implications: The current findings 
reemphasize the difficulties inherent in utilizing in- 





-direct methods for the determination of a change in 


the severity of obstruction. Thus, electrocardio- 
grams and chest roentgenograms remained un- 
changed from normal in some of our patients whose 
stenosis progressed most significantly. Any patient 
with severe obstruction may occasionally be denied 
hemodynamic evaluation if there is overreliance on 
changes. in the clinical history, phonocardiograms, 
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‘pple pulse tracings, chest roentgenograms, or 


electrocardiograms or vectorcardiograms. According- 
ly, in the absence of clear evidence of clinical deteri- 
oration, we currently recommend as a routine as- 
pect of continuous care that repeat hemodynamic 
evaluation be undertaken at approximately 5 to 8 
year intervals in asymptomatic children with mild or 
moderate aortic stenosis. 
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The natural hemodynamic history of 37 patients with congenital 
aortic stenosis (18 valvular, 10 valvular with slight or moderate aortic 
insufficiency, 6 discrete subvalvular and 3 supravalvular) was docu- 
mented by 2 catheterizations using the same methods of study. In 
the majority of patients with valvular, discrete subvalvular and supra- 
valvular aortic stenosis the anomaly increased in severity, as evi- 
denced by (1) a statistically significant increase in left ventricular 
peak systolic pressure, left ventricular to aortic peak systolic pressure 
gradient and arteriovenous oxygen difference; and (2) by a signifi- 
cant decrease in cardiac index and stenotic orifice area per square 
meter body surface area. The changes were more severe in patients 
with supra- and ‘subvalvular stenosis. There were no. statistically 


_signiticant changes in aortic pressure, heart rate, systolic ejection 
period or wedge pressure. Left ventricular end-diastolic pressure 


increased significantly only in patients with discrete subvaivular aortic 


„stenosis. Although the stenotic area index was lower in all patients 


without aortic insufficiency, absolute stenotic area decreased in 
only a small percentage. 

In patients with both valvular aortic stenosis and insufficiency, 
there was a significant unfavorable change in cardiac index, arterio- 
venous oxygen difference and left ventricular ‘end-diastolic pressure 
but no significant increase in left ventricular peak systolic pressure or 
left ventricular to aortic peak systolic pressure gradient. Ninety per- 
cent of the patients remained asymptomatic during the study. 

Aortic stenosis is likely to increase in severity, usually by an 
increase in flow across a “fixed” stenotic area as a result of body 
growth and sometimes by a concomitant actual decrease in stenotic 
area. 


Several reports have presented the natural history of congenital aortic 
stenosis on the basis of clinical, electrocardiographic and radiologic 
datal-6, These reports emphasize the difficulty in assessing the 
severity of this lesion by clinical means. Yet the natural hemodynamic 
history of aortic stenosis has been documented by serial catheteri- 
zations in only 17 patients?-+.7-®, All 17 had valvular aortic steno- 
sis and, with 1 exception, the catheterization studies were separated 
by less than 2 years. 

This report presents the results of long-term serial hemodynamic 
studies performed, using the same methods each time, to gain 
knowledge about the natural history of the different forms of con- 
genital aortic stenosis during childhood. 


6 duly 11,1972. The American Journal of Cardiology. Volume 30... 
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Figure 1. Left ventricular and aortic pres- 0:2229 _ 44 
sures in valvular aortic stenosis without in- LVEDP ORT me = 
sufficiency at first and second cardiac cath- O 
eterizations. The numbers below the average 7.0 years H,O years 
age indicate the range in years. Ao = aortic: (0.5 to 12.5) (3.5. to 15) 


LV = left ventricular; LV-Ao = left ventri- 
cular to aortic; LVEDP = left ventricular end- 
diastolic pressure. 


Materials and Methods 


In the Cardiology Section at Texas Children’s ‘Hospital 
during the 11 year period from 1960 to 1971, 37 patients 
with congenital aortic stenosis underwent 2 serial cathe- 
terizations. The patients were divided into 4 groups ac- 
cording to the morphologic features of the obstructing le- 
< sion. Eighteen patients had valvular aortic stenosis, 10 


valvular aortic stenosis with slight or moderate aortic in- 


sufficiency, 6 discrete subvalvular aortic stenosis and 3 
supravalvular aortic stenosis. 
Patients with associated cardiac anomalies were exclud- 


ed from the study as were those with idiopathic hypertro- 
- phic. subaortic stenosis or severe aortic insufficiency. No 


patient had bacterial endocarditis before or during the 
study. Right and left heart catheterizations were per- 
formed without general anesthesia. The premedications 
used for each study consisted of a combination of meperi- 
dine, chlorpromazine and promethazine according to body 
weight. The left ventricular and systemic arterial pres- 
sures. used for calculations were determined from with- 
drawal tracings obtained across the site of obstruction, ex- 
cept in 10 studies in which simultaneous determination of 
left ventricular and central aortic pressure was used. In 
these 10 instances, the left ventricular pressure was ob- 
tained by passing the catheter through a foramen ovale, 
and.the central aortic pressure by retrograde catheteriza- 
tion from the femoral or brachial artery. All pressure mea- 
surements were recorded before left ventricular angiogra- 
phy. In each patient with an aortic diastolic murmur, an 
aortic root angiogram. was obtained to assess severity. 

Data included in the study were central aortic systolic, 
diastolic and mean pressures, heart rate, systolic ejection 
‘period, left ventricular peak systolic pressure, left ventric- 


ular end-diastolic pressure, left ventricular to aortic peak 


. systolic pressure gradient. and pulmonary arterial wedge 
pressure. The relation of the change in left ventricular to 
aortic peak systolic pressure gradient and the change in 
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stenotic area to the inċrease in body surface ‘area was stas 
tistically analyzed. Body surface area: was. derived from — 
the tables of Boyd and West.!° Cardiac output was calcu- 
lated by the Fick method using assumed oxygen consump- 
tion from the tables. of Nadas relating to body surface 


area.11 Because of the known correlation with cardiac out. © 


put,? systemic arteriovenous oxygen difference was com- — 
pared.. With use of the Gorlin formula, 13 the stenotic area: 
was calculated by superimposing the curves recorded | 
proximally and distally to the obstruction and expressing i 
the stenotic gradient area in square millimeters. In in- 
stances of valvular aortic stenosis and insufficiency, area — 
of the valve was not included. In all patients, the diagno- 
sis was confirmed by left ventricular angiography and, in 
many, was reconfirmed by direct inspection of the stenot-. . 
ic area at operation. Statistical analysis and calculation 
was carried out with an IBM computer (CCLRES40). 


Results 


Valvular Aortic Stenosis Without Aortic Insufficiency __ 
The average time interval between the 2 catheteri- 
zations was 4 years (1.5 years, 1 patient; 2 to 4 years, 


m 


9 patients; 4 to 6 years, 6 patients; 7.5 years, 1 pa- 


tient; and 9 years, 1 patient). Of these 18 patients, 


only 2 were symptomatic during the study period: 
chest pain with exertion developed in 1 patient, and. 
decreased exercise tolerance in the other. 

The left ventricular systolic pressure increased sig- 
nificantly (P <0.01) for the entire group (Fig. IJac. 
The left ventricular end-diastolic pressure did not 
change appreciably, and the aortic pressure showed 
little change between the 2 studies. The mean left. 
ventricular to aortic peak systolic pressure. gradient 
increased significantly (P <0,01). A gradient of 50 
mm Hg or greater was found in 5 of the 18 patients 
at the initial study and in 11 at the second study. 
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Figure 2. Stenotic orifice area (cm*) and stenotic orifice area 


index (cm?/m? body surface area). in valvular aortic stenosis 
without insufficiency, discrete subvalvular and supravaivular 
aortic stenosis. 


There were no statistically significant changes in the 
level of phasic or mean pulmonary arterial wedge 
pressures. The a wave changed from 11.7 + 6.5 to 
12.3 + 6.5 mm Hg, the v wave from 12.7 + 4.3 to 
12.4 + 3.6 mm Hg, and the mean pressure from 9.6 
+ 2.8 to 9.0 + 2.2 mm Hg. The heart rate (from 
106.0 + 20.7 to 93.0 + 18.8 beats/min) and systolic 
ejection periods (from 27.0 + 3.7 to 26.3 + 5.0 sec/ 
min) did not change significantly between the 2 
catheterizations. 

The cardiac index had fallen significantly (P < 
0.05) in the second study from 6.1 + 1.6 to 5.1 4 1.1 
liters/min per m2; this fall correlated well with a sig- 
nificant rise (P <0.01) in systemic arteriovenous oxy- 
gen difference (from 2.9 + 0.8 to 3.3 + 0.7 volume 
> percent). Although the stenotic valve area (0.91 + 
0.52 to 0.75 + 0.39 cm?) did not change significantly, 
the stenotic index did (0.94 + 0.41 to 0.54 + 0.14 
cm?/m? body surface area) (P <0.01) (Fig. 2). Six 
_ patients had a stenotic index of 0.7 cm?/m? or less at 
-their first study, and in 15 the index had fallen below 

» that level at the second study. 

The increase in left ventricular to aortic peak sys- 
tolic pressure gradient (26.7 + 27.6 mm Hg) and the 
decrease in the stenotic orifice area (0.16 + 0.37 
cm?) did not correlate significantly with the increase 
in surface area (0.39 + 0.35 m2). 

Figure 3 shows that, relative to body growth, in 5 
patients there was only a slight increase and in 9 a 
slight decrease of the stenotic valve area. In 4 pa- 
tients, there was. marked decrease of the stenotic 
valve area despite only a small inerease in body 
growth. 


Valvular Aortic Stenosis and Insufficiency 


Ten patients with valvular aortic stenosis associ- 
ated with slight or moderate aortic insufficiency were 
included in the study. Aortic insufficiency was pre- 
sent in 4 of these patients at the time of their first 
study, and in 6 it occurred between the first and sec- 
ond catheterizations. The presence of aortic insuffi- 
ciency was established by aortic root angiograms. 
The average time interval between the 2 studies was 
4 years (1 year, 1 patient; 3 to 4 years, 3 patients; 4 
to 6 years, 5 patients; and 7 years, 1 patient). Only 1 
of the patients in this group had symptoms—conges- 
tive heart failure in infancy improved by medical 
management before the first study. 

Although a significant increase (P <0.1) in left 
ventricular end-diastolic pressure was noted, left 
ventricular systolic pressure did not change signifi- 
cantly between studies, decreasing only slightly. 
Similarly, the left ventricular to aortic peak systolic 
pressure gradient was not altered significantly (Fig. 
4). The aortic systolic, mean and diastolic pressures 
remained relatively unchanged. There were no signif- 
icant differences in heart rate (108.6 + 17.6 to 93.1 + 
15.6 beats/min), systolic ejection period (27.6 + 3.7 
to 27.2 + 4.6 sec/min) or wedge pressures (a waves 
10.8 + 6.7 to 15.8 + 7.4 mm Hg; v wave 11.2 + 8.3 
to 14.8 + 7.2 mm Hg; and mean 9.0 + 5.2 to 13.8 + 
7.4mm Hg). 

The cardiac index fell significantly (P <0.01) from 
6.9 + 2.2 to 4.5 + 1.1 liters/min per m?, and the sys- 
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Figure 3. Scatter diagram comparing change (increase above 
and decrease below the middie fine) in stenotic orifice area 
(cm?) between the first-and second catheterizations with in- 
crease in body surface area (m*) during the same time interval. 
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j Figure 4. Left ventricular ‘and aortic pres- 
_ sures in valvular aortic: stenosis and insuffi- 
ee ‘lency at first and second studies. he 






y temic akaroen oxygen difference increased (P 
: <0. 02) from 2.8 + 0.9 to 3. 9 + 0.8 volume percent. 


Discrete Subvaivular Aortic Stenosis 


Six patients had discrete subvalvular aortic ste- 
nosis, the diagnosis proved in each by left ventricular 
angiogram and later at operation. The average time 

a interval between the 2 studies was 4. 1 years (1.5 
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ventricular to aortic peak systolic gradient (Fig. 5). 
A gradient of 50 mm Hg or greater was present in 2 
patients at the first catheterization and in 5 at the 
second. The mean systolic aortic pressure remained 
unchanged as did the aortic mean and diastolic pres- 
sures. 
© The cardiac index fell (P <0.05) from 6.6 + 1.7 to 
4.6 + 1.2 liters/min per m2, and the systemic arte- 
` riovenous oxygen difference increased (P <0.05) from 
2.7 + 0.6 to 3.7 + 1.1 volume percent. 
The stenotic area (Fig. 2) was not altered signifi- 
cantly between the 2 studies (0.71 + 0.41 to 0.45 + 
0.15 cm2). However, the stenotic index was lowered 
significantly (P <0.02) from 0.86 + 0.40 to 0.39 + 
0.16 cm2/m?. Two patients at the first and 5 at the 
= second catheterization had a stenotic index of less 
than 0.7 cem?/m2?. 
There were no significant differences in heart rate 
(104.7 + 17.1 to 98.8 + 21.5 beats/min), systolic 
ejection period (29.9 + 4.7 to 28.1 + 4.4 sec/min) or 
wedge pressures between the catheterizations {a 
wave 11.0 + 4.1 to 12.8 + 4.0 mm Hg; v wave 11.3 + 
2.6 to 14.5 + 4.5 mm Hg; and mean 9.3 + 3.1 to 10.8 
+ 4.3 mm Hg). 

Neither the increase in the gradient (41.0 + 24.55 
mm Hg) nor the decrease in the stenotic orifice area 
(0.28 + 0.33 cm?) correlated significantly with the 
increase of body surface area (0.41 + 0.34 m?). In 1 
patient, there was a marked decrease of the orifice 
area without significant body growth (Fig. 3). 


Supravalvular Aortic Stenosis 


Three patients had isolated supravalvular aortic 
stenosis documented by pressure withdrawal trac- 
ings, angiogram and, later, by direct observation at 
operation. The time interval between the 2 studies 
was 3.5, 4 and 4.5 years, respectively, and no patient 
was symptomatic during the study period. 

The mean left ventricular systolic pressure in- 
creased significantly (P <0.01), but mean left ven- 
tricular end-diastolic pressure did not change appre- 
ciably. 

The cardiac index fell significantly (P <0.01) from 


6.4 + 0.5 to 4.2 + 0.7 liters/min per m?, and the sys- 


temic arteriovenous oxygen difference increased (P 
<0.05) from 2.8 + 0.4 to 3.9 + 0.7 volume percent. 

The stenotic area did not change significantly be- 
tween the 2 studies (0.68 + 0.36 to 0.37 + 0.15 cm?). 
However, the stenotic index (Fig. 2) did fall signifi- 
cantly (P <0.02) from 1.0 + 0.3 to 0.32 + 0.06 cm?/ 
m2, One of the 3 patients at the first catheterization 
and all 3 at the second had a stenotic index of less 
than 0.7 cm?/m?. 

The number of satisfactory pulmonary arterial 
wedge pressure determinations was too small to 
make a comparison between the 2 studies. The in- 
crease in-body surface area (0.45 + 0.08 m?) did not 
correlate significantly with the rise of the left ven- 
tricular to aortic peak systolic gradient (64.3 + 7.5 
mm Hg) or the decrease in stenotic orifice area (0.3 
+ 0.24 cm?). Figure 3 shows that the stenotic orifice 
area decreased in all. 


Discussion 


The natural history of congenital aortic stenosis 
has been the subject of repeated discussion but with 
little hemodynamic documentation. +° Patients with 
aortic stenosis, often without major symptoms or 
electrocardiographic evidence of decompensation, 
did not undergo catheterization until the clinical 
course deteriorated, and were often operated upon 
shortly: after the single catheterization. A review of 
the literature reveals that only 17 patients with con- 
genital valvular aortic stenosis underwent serial car- 
diac catheterizations before operation.1-4+:79 Of 
these, only 8 patients showed significant progression 
of disease.7-® With 1 exception,® all of these catheter- 
izations were performed within a 2 year interval. The 
average time interval between the 2 catheterizations 
in our cases was 4 years (range 1 to 10). Campbell® 
showed in his clinical study that aortic stenosis is a 
progressive lesion; about 60 percent of his patients 
had died by age 40 years. However, he believed that 
the progression of the lesion began in the third de- 
cade. In our hemodynamic study, the progression of 
this lesion is shown to begin much earlier. 

Clinical data in assessing congenital aortic stenosis 
may be misleading. The variability in the electrocar- 
diogram is great}-?.4 and, although vectorcardiogra- 
phy has been considered more reliable, it is not 
consistent.2 Physical diagnosis, even aided by pho- 
nocardiography, cannot be correlated well with the 
severity of the lesion.? The use of symptomatology to 
gauge progress is also misleading since sudden death 
may occur in patients without symptoms. Despite 
hemodynamic evidence for severe obstruction in 
many of the 37 patients followed up, only 4 were 
even minimally symptomatic during the study peri- 
od. 

The patients with valvular aortic stenosis without 
aortic insufficiency and those with discrete subvalvu- 
lar and supravalvular stenosis presented here all 
demonstrated progressive hemodynamic obstruction. 
In the group as a whole, the stenotic area did not 
progressively decrease but, when relating stenotic 
areas to body surface areas, there was a relative pro- 
gression of stenosis (Fig. 2). Thus, it appears that 
the degree of obstruction generally is fixed and does 
not change with growth of the heart or body. Hoff- 
man’ has stressed that with a constant stenotic area, 
growth of the patient will lead to an increase of the 
gradient because of an increase in the stroke volume 
in proportion to systolic ejection period. Because 
some patients (Fig. 3) showed a significant decrease 
in the stenotic orifice area despite insignificant body 
growth, it can be assumed that further narrowing of 
the stenotic area itself may occur in some cases. It is 
believed that patients with a nonobstructive bicus- 
pid aortic valve may have valvular aortic stenosis in 
adult life. 

The absolute and relative increase of severity leads 
to the signs of progression noted in the form of an in- 
crease of left ventricular systolic pressure, left ven- 
tricular to aortic peak systolic gradient, and systemic 
arteriovenous oxygen volume percent difference with 
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sures in supravalvular aortic stenosis at first 
and second studies. 


a fall in the cardiac index. The progression of dis- 
crete subvalvular and supravalvular aortic stenosis is 
more striking than that of valvular aortic stenosis 
(Fig. 1 to 3, 5 and 6). In only 1 patient with discrete 
subvalvular aortic stenosis did the severity fail to 
change significantly; this patient had a gradient 
greater than 50 mm Hg at his first study, and only 
“18 months separated the 2 studies. 

Analysis of the data on patients with valvular aor- 


tic stenosis without insufficiency, discrete subvalvu- 


lar stenosis and supravalvular stenosis demonstrated 
that the aortic pressure by itself did not reveal sig- 
nificant change. In the present series, there was also 
no significant increase in the systolic ejection period 
at the second study despite increase in the severity 
of the stenosis. This is in contrast to previous reports 
that the systolic ejection period as measured from 
external carotid tracings is proportional to the de- 
gree of obstruction.14 This discrepancy may be due 
to differences in method and age group studied. 

Left ventricular end-diastolic pressure did not 
change in isolated valvular or supravalvular aortic 
stenosis, but it did increase in discrete subaortic ste- 
nosis as well as in valvular aortic stenosis with slight 
or moderate aortic insufficiency. This change in sub- 
valvular stenosis probably reflects the aortic insuffi- 
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ciency that usually accompani 
stenosis, 15 l 

Valvular aortic stenosis. asso 
moderate aortic insufficiency d 
tion (Fig. 2). Because forward 
were not measured in these patients, it : 
possible to measure the stenotic areas. Tn our 10 pas 
tients, the significant changes were an increase in — 
left ventricular end-diastolic pressure and arteriove- _ 
nous oxygen difference as well as a drop in the car- 
diac index. The absence of a rise in the left ventricu- 
lar systolic pressure level and the numerical decrease 
in the left ventricular to aortic peak systolic pressure 
gradient may be a result of dilatation of the left ven- 
tricle and aortic annulus due to the presence or de- 
velopment of aortic insufficiency. 

Our findings demonstrate that the natural hemo- 
dynamic history of the different forms of congenital 
aortic stenosis is one of progression due usually to in- ` 
creased flow—the result of body growth—across a 
fixed obstruction. In a few patients, actual decrease ~ 
in stenotic orifice area is an added factor in the pro- 
gression. Absence of symptoms in children with mild 
aortic stenosis provides no assurance that the hemo- 
dynamic status is stable; therefore, serial cardiac ` 
catheterizations are required. 
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Eleven children with isolated congenital complete atrioventricular 

(A-V) block, 3 weeks to 21 years of age, underwent cardiac cathe- 
terization, including electrical pacing and isoproterenol infusion _ 
studies. The resting ventricular rates of the infants ranged from 60 to _ 
90/min; those of the rest 40 to 55/min. The resting intracardiac | pres- 
sures were normal or minimally increased. Mean cardiac index was 
low normal (3.3 liters/min per m? + 0.8 SD), but stroke i - Q 
abnormally high (65.6 mi/m? + 12.1 SD). Electrical pacing € o the 
right ventricle to rates of 60 to 120 beats/min. resulted ir 
cardiac index (+26 percent), left ventricular minute work ( 
cent) and left ventricular stroke output impedance (+63 
but reduced stroke index (—32 percent), left ventricular 
(—37 percent), and tension-time index per: beat 
significant changes in systemic vascular resist. 
ejection rate or output/tension-time ratio were « 
nol infusion resulted in greater rise in cardiac i 
left ventricular ejection rate (+57 percent) and 
ratio (+45 percent), no change in stroke index, j 
vascular resistance (—39 percent). The hemodynar 
due to isoproterenol infusion reflects the agent's cor 
chronotropic and peripheral vasodilatory effects. Th 
dynamic findings in children with congenital A-V- block are etter 
than in adults with acquired block. It is suggested that intrinsic myo a 
cardial disease may be a significant feature in symptomatic subjects. A 
with this disease. 


























Congenital complete atrioventricular (A~V) block, as an isolated 
anomaly, is often well tolerated in childhood.1~5 However, Stokes- 
Adams attacks or even cardiac failure may occasionally occur at this 
early age, and pacemaker implantation may be necessary. %67 

Unlike acquired A-V block, in which there have been extensive he- 
modynamic investigations, including electrical pacing studies,8-14 — 
the hemodynamics of congenital A-V block are not well known. Only < 
a few cardiac catheterization findings in children with this condition 
have been reported .15-7,14.15 

This paper presents the hemodynamic data of 11 children with 
congenital A-V block and describes the cardiovascular effeets of 
transvenous pacing and isoproterenol infusion in these children. 


Material and Methods 
Eleven subjects with congenital A-V block underwent cardiac catheteriza- i 
tion. Three were 3 to 6 weeks of age, 7 were 2% to 16 years, and 1 was 21 years.” 


The A-V block was complete in 10, and was second degree, Mobitz type II 
variety in 1. No additional cardiac abnormality was present, and none of the ` : 
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TABLE | 
. Hemodynamic Data in 8 Children with Congenital A-V Block* 


aeaaeae RAHN RATTAN 


Ventricular Pacing 





Control 


Pacing 
(mean +: SD) (mean + SD) 
Cardiac index (liters/min perm?) 3.3 + 0.8 4.22% 1.0 
= Stroke index (ml/m*) 65.64 12.1 44.54 10.0 
. Systemic vascular resistance 
(dynes sec cm='/m?) 2233 -+ 345 1960 + 389 
Left ventricle 
Stroke output impedance 
(mm Hg/mi per m?) 1.57 + 0.15 2.56 0.73 
Ejection time/beat (sec) 0.374 + 0.077 0,238 + 0.036 
Ejection time/min (sec) 17.07 + 2.65 22.35 & 1.75 
Ejection rate/beat 
(ml/m? per sec) 185.9 + 46.6 181.5 + 36.4 
Stroke work (g-m/m?*) 103.9 34.6 65.9: 20.6 
Minute work (kg-m/m?) 4.7342 1.52 6:18 21.78 
Tension-time index/beat 
(mm Hg sec/beat) 39.34 11.5 24.94 4.3 
Tension-time index/min 
(mm Hg sec/min) 1780 +: 379 2356 = 388 
Output/tension-time ratio 
_ (mi/m? per mm Hg sec) 1.78 +0034 1.74 + 0.32 


Isoproterenol Infusion 





Contral 


% Infusion % 

Change 2P Value (mean: SD) (mean: SD) Change 2P Value 
+26 <0.001 3.7+1.1 6.1: 2.4 +65 <0.02 
—~32 <0.001 69.4 + 10.7 70.1 + 19.8 +1 >0.30 
-12 >0.05 2233 £ 221 1371 + 505 — 39 <0.005 
-+63 <0.001 1.64 + 0.19 1.43 + 0.29 —13 >0.10 
—~ 36 <0.00L 0.352: 0.069 0.260 = 0.014 —26 >0.05 
+31 <0.001 16.18 2 2.12 18.28 + 3.18 +13 >0.02 

—2 >0.80 197.0 + 24.2 309.6 + 93.4 +57 >0.05 
-37 <0.001 120.3:26.6 127.3 37.9 +15 >0.10 
+31 <0.001 BISG 1.13 9.6: 5.32 +86 >0.05 
—36 <0.001 39.3 + 10.6 28.9 a 4.8 ~ 26 >0.10 
+32 <0.005 1802 + 351 2035 = 438 +13 >0.20 

2 >0,80 1.91. 0.34 2.78 & 0.70 +45 >0.05 


* Data from 3 infants not included since no output studies were performed. 
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“Figure 1. Resting right heart, pulmonary arterial wedge or left 


atrial and systemic arterial pressures in 11 subjects with con- 
genital A-V block. LA = left atrium; PA =. pulmonary artery; 
PC = pulmonary arterial wedge; RA = right atrium; RVED = right 
ventricular end-diastolic; SA = systemic artery. 
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Figure 2. Changes in cardiac index during. ventricular pacing 
and during isoproterenol (isuprel) infusion. In this and subse- 
quent figures, the asterisk identifies the response pattern to pac- 
ing in the child with Stokes-Adams attacks. 


patients had clinical congestive heart failure. In 2, a patent 
ductus arteriosus had been closed surgically. Three subjects 
belonged to 1 family of 5 children. One was the child of a 
mother with A-V block. One child, aged 5 years, had a his- 
tory of fainting episodes and underwent permanent trans- 
thoracic pacemaker implantation 3 months after the study. 

Parenteral meperidine hydrochloride (Demerol®) and 
hydroxyzine (Vistaril®) (2.0 mg/kg body weight, up to 50 
mg of each) was used for sedation except in 3 infants who 
were not premedicated. The latter 3 did not undergo cardiac 
pacing. After completion of the diagnostic right heart 
catheterization in the other 8 patients, a bipolar electrode 
catheter was positioned near the apex of the right ventricle. 
A second catheter was advanced into the right atrium or 
pulmonary artery for dye indicator injection, and a third 
catheter into the aorta or peripheral systemic artery for dye 
curve sampling. 

All data were recorded with an Electronics for Medicine 
DR-12 photographic recorder. For pressure measurements 
the catheters. were connected to Statham P23Db trans- 
ducers; zero reference was set at the mid-chest level. Car- 
diac output was determined by indocyanine green indicator- 
dilution technique, using a Waters X-302 cuvette densitom- 
eter. Electrical ventricular pacing was accomplished with 
an external pulse generator (Corbin Farnsworth). 

Hemodynamic data were obtained during idioventricular 
rhythm, and during right ventricular pacing at rates of 
60 to 80, 90 to 100 and, in some subjects, 110 to 120 beats/ 
min. Five to 10 minutes elapsed after each rate change be- 
fore duplicate dye curves and pressures were obtained. 
(Sowton® demonstrated rapid stabilization of cardiac out- 
put within 3 to 7 minutes after a pacing rate change in com- 
plete heart block.) In 6 subjects, each stepwise increase in 
pacing rate was alternated with a control (no pacing) period 
of the same duration. After completion of the pacing 
studies, resting hemodynamic data were again obtained, 
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Figure 3. Changes in stroke index during ventricular pacing 
and during isoproterenol infusion, 


and isoproterenol (Isuprel®) infusion of 1 to 8 ug/min was 
then carried out for 5 to 10 minutes. 

Cardiac output was calculated by the Stewart-Hamilton 
formula?® and was normalized for body surface area. Stroke 
output was similarly normalized, and expressed as stroke 
index (ml/m? per beat). In addition to routine pressure 
data, the following variables were obtained: mean systolic 
pressure of aorta or systemic artery (mm Hg); left ventricu- 
lar ejection time (sec/beat), derived from the aortic or 
arterial pressure pulse curve; mean ejection rate in (ml/m? 
per sec}; systemic vascular resistance index (dynes sec 
cm 5/m?); stroke output impedance (mm Hg/ml per m2), 
derived from the mean systolic pressure of aorta or systemic 
artery, and stroke index; left ventricular stroke work index 
and left ventricular minute work index (g-m/m? per beat 
and kg-m/m? per min, respectively); tension-time index 
(mm Hg sec/beat and mm Hg sec/min), derived from the 
mean systolic pressure of aorta or systemic artery, left ven- 
tricular ejection time and heart rate; and, output /tension- 
time ratio (ml/m? per mm Hg sec), derived from the stroke 
or cardiac index and tension-time index. Some of the less 
typical formulas for these indexes are shown in the foot- 
note.* 

Statistical analysis was carried out employing Student’s 
t test for paired data. A 2P value of <0.05 was accepted as 
significant. 


Results 


The mean resting ventricular rate of the 3 infants 
was 77/min (range 60 to 90), and the mean atrial rate 
~155/min (range 140 to 165). Corresponding values ob- 
tained from the 8 older subjects were 47/min (range 
40 to 55) for ventricular rate, and 90/min (range 74 
to 110) for atrial rate. During pacing, the increase in 
ventricular rate was not accompanied by a significant 
change in atrial rate. However, during isoproterenol 
infusion, the rise in ventricular rate was always ac- 
companied by a corresponding increase in atrial rate 
(P <0.005). 


*The following equations were used to calculate selected 
hemodynamic data: Stroke output impedance (mm Hg/mi per 
mê} = mean systemic arterial pressure /stroke index: mean ejec- 
tion rate (mi/m? per sec) = stroke index /ejection time; stroke 
work {g-m per m*) = 0.0144 X stroke index X mean arterial 
pressure; minute work (kg-m/m*) = 0.0144 X cardiac index x 
mean arterial pressure; tension-time index/beat (mm Hg sec/ 
beat) = mean arterial pressure X ejection time; tension-time 


of index/min (mm Hg sec/min) = mean arterial pressure X ejec- 


tion time X heart rate; output /tension-time ratio (mi/m? per mm 
Hg sec) = stroke index/tension-time index per beat. 
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Figure 5. Changes in stroke output impedance during ventric- 3 
ular pacing and during isoproterenol infusion. ; 
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Figure 6... Changes in external left ventricular (LV) stroke work 
during ventricular pacing and during isoproterenol infusion. 


A summary of the resting hemodynamic data is 
shown in Table I and Figure 1. Abnormally high right 
ventricular end-diastolic pressure levels of 10 and 11 
mm Hg were observed in 2 of the infants and in the 21 
year old subject. Only 6 subjects had satisfactory 
pulmonary arterial wedge or left atrial pressure trac- 
ings, and in 1 of these a wedge pressure of 12 mm Hg 
was noted. Slight elevation of the pulmonary arterial 
pressure level was noted in 4, and of the systemic - 
arterial pressure in 1. 

The hemodynamic changes observed during ven- 
tricular pacing and during isoproterenol infusion, and 
the respective 2P values have been summarized in 
Table I and are shown in Figures 2 to 9. 
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Figure 7. Changes in external left ventricular (LV): minute work 
: during ventricular pacing and during isoproterenol infusion. Note 


“the comparatively greater slopes of the isoproterenol response 
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Figure 8. Changes in tension-time index per minute during ven- 
tricular pacing and during isoproterenol infusion. 
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Figure 9. Changes in the output-tension time (TT) ratio during 
ventricular pacing and during isoproterenol infusion. 


Discussion 


The idioventricular pacemaker in congenital com- 
plete atrioventricular block is generally situated 
` proximal to the bifurcation of the bundle of His. In a 
study of the conduction system of 7 children with con- 
genital A-V block, Lev et al.17 demonstrated the basic 
lesion to consist of a lack of, or diminished connection 
between, the atrial musculature and the A-V node or 
His bundle if the A-V node is absent. Sometimes the 
anatomic interruption may be situated between the 
A-V node and the main His bundle or within the 
bundle itself.18 


Occasionally, in this condition the electrocardio- 
gram may show wide QRS complexes, often inter- 
preted to indicate that the subsidiary pacemaker is 
situated distal to the His bundle bifurcation, as is 
typical in acquired A-V block. Children with this 
finding are often symptomatic and prone to Stokes- 
Adams attacks.2-367 In 9 of the 11 subjects in our 
series, including the 5 year old child who subsequently 
underwent pacemaker implantation, the electrocar- 
diogram revealed normal-appearing QRS complexes 
with a duration of 50 to 80 msec. In the other 2 
asymptomatic subjects, the QRS complexes showed 
a right bundle branch block pattern and had a dura- 
tion of 120 and 140 msc, respectively. 

Comparison of children and adults: The resting 
right heart and systemic pressures in our cases were 
generally within the normal range. However, the 
average pressures in the various chambers were 
slightly greater than those of normal children. Com- 
paratively speaking, the right and left heart pres- 
sures in adults with acquired complete heart block 
are greater and frequently abnormal.®101314 The 
average resting cardiac index of 3.3 liters /min per m? 
in our subjects is in the normal range, although low 
values of 2.5 to 2.7 liters/min per m? were observed in 
3 subjects. The average resting stroke index of 66 
ml/m? is abnormally high. Compared to our findings, 
the resting cardiac index in adults with acquired com- 
plete heart block is low, generally less than 2.5 liters / 
min per m2,810-14 The corresponding stroke index is 
elevated, but comparatively less than in our subjects. 
These differences in the resting hemodynamic data 
between children and adults with complete A-V block 
may be related to the extent of myocardial dysfunc- 
tion, the latter being greater in the adults with ac- 
quired block in whom coronary heart disease is 
usually the underlying cardiac disorder. 

Response of ventricular pacing: The hemody- 
namic response to ventricular pacing in our subjects 
was generally of the same pattern as that reported for 
adults. Increasing ventricular rates to within the 
physiologic range of 70 to 120 beats/min resulted in 
an increase in cardiac index (+26 percent), coupled 
with a prolongation of ejection time per minute (+31 
percent), an insignificant fall in systemic vascular 
resistance and a rise in tension-time index/min (+32 
percent) and external left ventricular stroke work/ 
min (+31 percent). In contrast, analysis of ventricular 
function per beat showed a lower stroke index (~—32 
percent), shortening of the ejection period (~36 per- 
cent), diminution of stroke work (—37 percent), re- 
duced tension-time index (~36 percent) but increase 
in stroke output impedance (+63 percent); ventricu- 
lar ejection rate remained unchanged. 

In adults with acquired A-V block, ventricular pac- 
ing also results in reduced stroke output. The increase 
in cardiac output is comparatively smaller than in our 
children®11-13 or insignificant.® Gobel et al.1* noted a 
significant drop in left ventricular ejection rate during 
pacing, a finding not observed in our studies. A fall in 


left ventricular stroke work, associated with a slight 
insignificant increase in minute work has been re- 
peatedly observed in adult patients.}5 
Response to isoproterenol: Although the phar- 
._macology of isoproterenol is well known,!*-?! its 
hemodynamic effects in complete heart block have 


a not been sufficiently investigated. Studies in a few 


adults with acquired block?®1?.22 have demonstrated 
-improvement in cardiac output and sometimes stroke 
“volume, reduction in systemic vascular resistance, 

and no significant changes in cardiovascular pres- 


a» sures. 


-The isoproterenol infusion studies in our subjects 
with congenital A-V block demonstrated similar find- 
ings. In addition, significant differences from the 
effects of pacing were observed. In spite of smaller 
increments in heart rate, the increase in cardiac out- 
put. was greater during isoproterenol infusion. The 
- stroke output, which was consistently reduced during 
pacing, remained unchanged. Whereas left ventricu- 
lar ejection rate remained the same during pacing, it 
increased during isoproterenol infusion. External left 
ventricular stroke work decreased during pacing be- 
cause of the reduced stroke volume, but did not 

change during the isoproterenol administration. The 
-tension-time index per beat, an important determi- 


nant of myocardial oxygen consumption,?° was low- 


ered during pacing but the fall was less during iso- 
 proterenol infusion. The fall in systemic vascular 
resistance’ was minimal during ventricular pacing 
“but was 39 percent of control values during isopro- 
‘terenol infusion: In contrast, stroke output impedance 
increased during pacing but remained unchanged 
during isoproterenol administration. 
Of interest was the change in the output /tension- 
« time ratio, an expression of the relative output effi- 
¿ciency of the heart. An increase would denote a 
greater cardiac output accomplished at relatively re- 
duced ventricular force development; a fall would 
indicate the opposite. During pacing, no change in the 
output /tension-time ratio was noted; during iso- 
proterenol infusion, a consistent rise was observed. 
Although the latter was statistically not significant 
(P> 0.05), the increase appeared to be rate-dependent 
as shown in Figure 8. It is likely that with higher 
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heart rate increments during isoproterenol infusion, 
the change in output/tension-time ratio would have 
been greater. 

The changes observed during isoproterenol infusion 
demonstrate the combined chronotropic and inotropic 
effects of this drug. In addition, the changes in sys- 
temic vascular resistance and stroke output im- 
pedance, by contrast to those observed with pacing, 
reflect peripheral vasodilatory effects!®~2! which 
tend to reduce ventricular afterload. 

Clinical implications: It would thus appear that 
isoproterenol is probably a useful drug for the man- 
agement of congenital complete heart block, and that 
the increase in heart rate may not. need to be great to 
attain good improvement in cardiac output. However, 
our observations are based on acute studies during _ 
isoproterenol infusion; the long-term effects of this 
drug administered on a daily maintenance basis are 
not known and may, in fact, be unpredictable. In this 
regard, electrical pacing is superior, because ef the. : 
stability of its hemodynamic effects. : 

The response pattern to cardiac pacing of ¢ our po 


symptomatic subject who subsequently required: 


pacemaker implantation differed somewhat from that. 
of the rest of the group. Cardiac index at rest was low _ 
(2.6 liters/min per m2); during pacing up to a ven- _ 
tricular rate of 115/min, it rose only to 3.2 liters/ — 
min per m?. Stroke index fell to abnormally low 


levels, accompanied by striking increases in systemic © 


pressure, systemic vascular resistance and stroke out 
put impedance (Fig. 2 to 5). This poor response to. 
pacing suggests that myocardial dysfunction may | 
have been the common denominator for this pa-. 
tient’s “atypical” response, Since her electrocardio- 
gram did not show wide abnormal QRS complexes, it. 
is likely that her symptoms were related to a low out- ~~ 
put state, secondary not only to heart block but also. 
to intrinsic myocardial disease. This raises an im- `) 
portant point in the evaluation of children with con- . 
genital complete A-V block: Stokes-Adams attacks 
and heart failure may not necessarily be related to 
unusual location of the subsidiary pacemaker, but to 
significant myocardial disease. The existence of the 
latter may become manifest during ventricular pac- 
ing studies. 
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In 7 patients, isolated subpulmonic ventricular septal defect was 

identified by selective left ventricular angiocardiography and, in 6, 
confirmed by direct surgical observation. Each of the 7 patients _ 
exhibited characteristic auscultatory and phonocardiographic find- 
ings signaling the presence of this lesion. The murmur of subpul- / 
monic ventricular septal defect was pansystolic: and. crescendo- : 
decrescendo in configuration, Maximal intensity appeared in the _ 
first and second left intercostal spaces with preferential radiation 
of the murmur upward toward the left clavicle and jugular. notch. The | 
absence of pure right ventricular hypertrophy in the electrocardiogram a 
aided in distinguishing the murmur from that associated with isolated _ 
valvular pulmonary stenosis. Selective left ventricular. -angiocardi- oe 
ography is currently the most valuable clinical modality for positive — 
identification of the subpulmonic ventricular septal detect, sg 


Supracristal ventricular septal defect is the descriptive name given E 
to defects in the interventricular septum located cephalad and ante- 
rior to the crista supraventricularis. When viewed from the right ven- 
tricular aspect, the supracristal defect appears high in the outflow | 
tract of the right ventricle between the crista supraventricularis and 
the pulmonic valve, in the portion of the ventricular septum derived — 
from the embryonic conal septum. Subpulmonic ventricular septal 
defect is an alternate name for this lesion. 1-2? l 

Although isolated subpulmonic ventricular septal defect is an un- 
common malformation, comprising approximately 5 percent of all — 
isolated ventricular septal defects,3 this lesion in recent years has © 
engendered a degree of interest out of proportion to its numbers be-.. 
cause of the unusually high incidence of associated abnormalities of 
the aortic valve. Balloon-like dilatation of the right coronary sinus of © 
Valsalva, prolapse of the right coronary and, rarely, the left coronary 
cusp,* aortic regurgitation and right coronary sinus of Valsalva to 
right ventricular fistula have all been reported as complications of 
the subpulmonic lesion. 

To explain the mechanism for aortic valvular complications. of” 
subpulmonic ventricular septal defect, Van Praagh and McNamara} _ 
postulated that the conal septum, which normally serves to support 
the right coronary cusp apparatus, does not perform this function 
when it is defective, and thus predisposes to prolapse of the aortic 
valve. Even relatively small defects in the conal septum have been 
complicated by prolapse of the aortic valve with attendant aortic. 
regurgitation.4-® By comparison, defects of similar size below the 
crista, involving the membranous septum, tend to be rather benign 
lesions and are rarely associated with valvular prolapse. Observa- 
tions by Plauth et al.,4 Nadas et al. and others? suggest that the 


aortic valvular complications of a subpulmonic ventricular septal de- ` 
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Figure 1. Phonocardiograms of 3 patients with proved isolated 
subpulmonic ventricular septal defect (A, Case 5; B, Case 2; c, 
Case 4). The systolic murmur is pansystolic in all 3 phonocardi- 
ograms. At the site of maximal intensity the murmur shows mid- 
systolic accentuation. The configuration of the systolic murmur 
is, therefore, diamond-shaped. The second sound in the second 
left intercostal space may be widely split (0.08 sec in the upper 
panel), and the pulmonic component of the second sound is di- 
minished in intensity. CT = carotid arterial tracing; ECG = 
electrocardiogram; LLSB = lower left sternal border; 2LICS = 
second left intercostal space. 





fect are probably acquired lesions. The defect in the 
conal septum is a congenital malformation which ini- 
tiates a train of events leading in time to ballooning 
of the wall of the right coronary sinus, followed by 
prolapse of the right coronary cusp, aortic regurgita- 
tion and, occasionally, rupture of the sinus of Valsal- 
va into the right ventricle. Although this view of the 
pathogenesis of aortic regurgitation in the presence 
of a subpulmonic defect is still to be proved, the im- 
pression prevails that early recognition and correc- 
tion of this lesion will minimize the incidence of sig- 
nificant aortic insufficiency. This report suggests a 
clinical means of early recognition of isolated sub- 
pulmonic ventricular septal defect. 
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Method and Clinical Material 


In the 8 years from 1962 to 1970, a total of 154 patients 
with isolated ventricular septal defect were studied com- 
pletely in the cardiac catheterization laboratory. Pressures 
were recorded and blood samples were obtained for oxi- 
metric studies in both the right and left heart chambers. 
Passage of a catheter into the left ventricle from either a 
brachial or superficial femoral artery permitted perfor- 
mance of selective left ventricular angiocardiographic 
studies. All angiocardiograms were filmed simultaneously 
in the frontal and lateral projections with use of the Scho- 
nander technique. Contrast material, generally consisting 
of 70 percent Hypaque, was injected under pressure using 
either a Gidlund or Cordis injector. 

Phonocardiograms were recorded on a 4 channel optical 
recorder (Hewlett Packard, model 564). Contact micro- 
phones (Electronics for Medicine, model PB-1) were used 
for sound pick-up and pulse wave recordings. Of the 154 
patients studied, 7 (4.5 percent) were identified as having 
an isolated subpulmonic ventricular septal defect. Six of 
the 7 patients were successfully operated upon, and the 
clinical diagnosis was confirmed in each. 


Results 


Auscultation and phonocardiogram: The aus- 
cultatory and phonocardiographic details noted in 
each of the 7 patients who formed the basis of this 
report were sufficiently similar to suggest that the 
auscultatory findings may be characteristic of sub- 
pulmonic ventricular septal defect. 

Detailed analysis of the murmur of any isolated 
ventricular septal defect appears to be the key factor 
in determining whether the lesion lies above or below 
the crista supraventricularis. The systolic murmur of 
the more numerous subcristal ventricular septal de- 
fects, whether in the membranous or muscular por- 
tion of the septum, tends to be more or less harsh, 
pansystolic or nearly pansystolic in duration, and of 
fairly uniform amplitude throughout. On the phono- 
cardiogram, the murmur begins with the first heart 
sound and extends throughout systole in plateau 
fashion. Less frequent defects in the muscular sep- 
tum produce a short decrescendo murmur that begins 
with the first heart sound and tapers off in mid-sys- 
tole. The murmur associated with defects below the 
crista is of maximal intensity in the second, third, or 
fourth left intercostal space and then radiates to a 
variable extent over the precordium. However, the 
murmur associated with isolated subcristal defects, 
whether pansystolic or short and decrescendo in 
character, and regardless of the site of maximal in- 
tensity, shows a clearly discernible diminution in the 
intensity of the murmur in the first left intercostal 
space and under the left clavicle where the murmur 
is usually barely audible. 

In patients with a proved isolated subpulmonic de- 
fect, auscultatory details are noticeably different. 
The murmur associated with this defect is unusually 
harsh and loud, creating the impression that the 
sound is generated close to the surface of the chest. 
The murmur is indeed pansystolic in duration but 
distinctly crescendo-decrescendo in character (Fig. 
1). On the phonocardiogram, the murmur displays a 


SUBPULMONIC VENTRICULAR SEPTAL DEFECT—STEINFELD ET AL. 


TABLE | 


Clinical and Cardiac Catheterization Data 
Sc a ee ee ee 





Age at 
Detection ; Cardio- Age at 
PATRE of N Oxygen Saturation (%) Pressure (mm Hg) MeRa Op tol 
& Sex = Murmur Cath (yr) SVC RA RV PA. sb RV PA LV Ao X-ray Film ECG (yr) 
See en eS a a a a ea a a a a eS od Re Se, 
1F 6 wk 211/12 62 65 65 82 94 49/5 46/14 117/13 100/67 + N 4 11/12 
2M 1 mo 7 82 82 87 89.5 96 39/8 34/13 100/11 100/68 ++ LVH 7 6/12 
3M 9yr 10 6/12 67 67 84 84 99 33/6 25/9 104/6 104/774 + LVH 17 7/12 
4F 2 wk 4 11/12 76 77 80 80 95 54/7 28/12 129/8 129/87 — N 6 10/12 
5F 5 mo 11 6/12 72 74 73 77 95 32/4 20/6 105/9 105/60 — N 11 10/12 
6F 1 mo 12 6/12 85 86 85 86 97 24/2 21/7 100/7 100/770 — N 


7M 1 mo 4 8/12 55 55 82 81 92 64/4 58/16 85/7 85/7 +++. (BVA 5 





Ao = aortic; BVH = biventricular hypertrophy; Cath = cardiac catheterization; LV = left ventricular; LVH = left ventricular hyper- 


trophy; N = normal; PA = pulmonary arterial; RA = right atrial; RV = right ventricular; SVC = superior vena caval. 


diamond-shaped configuration. The crescendo phase 
of the murmur usually appears in mid-systole but 
may appear somewhat later in the cycle, not infre- 
quently toward the end of the middle third of sys- 
tole. The site of maximal intensity is generally locat- 
ed in the second left intercostal space, and there is 
practically no change in the intensity in the first left 
intercostal space. In 3 of our 7 patients, the murmur 
displayed equal intensity in the first and second left 
intercostal spaces. The radiation of the murmur is 
upward so that it is well heard in the jugular notch 
and under the left clavicle, and transmission down- 
ward toward the fourth left intercostal space is by 
comparison noticeably weaker. In all 7 patients, the 
second sound in the pulmonic area was distinctly 
split, and in 3 the splitting was judged to be abnor- 
mally wide. The 2 components of the second sound 
were easily discernible, although the pulmonic com- 
ponent was softer than the aortic. On inspiration, 
the interval between the aortic and pulmonic compo- 
nents ranged between 40 and 80 msec. A short soft, 
early diastolic murmur was audible at the upper left 
sternal border in 3 of the 7 patients. The detailed 
auscultatory findings have been previously reported 
by Reynolds,? Hollman et al.° and Farru et al.1° 

Electrocardiogram: The electrocardiogram was 
interpreted as normal in 4 of our 7 patients. In 1 pa- 
tient who at cardiac catheterization had a peak sys- 
tolic right ventricular pressure of 64 mm Hg, the 
electrocardiogram displayed biventricular enlarge- 
ment. In 2 patients the electrocardiogram was inter- 
preted as showing left ventricular enlargement on 
the basis of an R wave in lead Ve exceeding 30 mm 
in height. 

Chest roentgenogram: The chest roentgenogram 
was abnormal in 5 of the 7 patients. The cardiac sil- 
houette was minimally enlarged in 3, and definite 
enlargement with pulmonary vascular engorgement 
was noted in 2. In 2 the cardiac silhouette and the 
pulmonary vascular markings were considered nor- 
mal. 

Cardiac catheterization: Table I summarizes 
the catheterization data. Right heart catheterization 
revealed the right ventricular pressure to be mildly 


or moderately increased in 3 patients and normal in 
4. The highest level of right ventricular pressure 
noted in the 7 patients was 64 mm Hg. A pressure 
gradient from the body of the right ventricle to the 
pulmonary artery greater than 10 mm Hg was ob- 
served in 2 patients. Both patients underwent surgi- 
cal correction and infundibular obstruction was not 
noted in either. 

The selective left ventricular angiocardiogram is 
presently the most reliable clinical means of identi- 
fying the subpulmonic ventricular septal defect.” In- 
jection of contrast material into the left ventricle al- 
most always results in visualization of the shunt by 
producing a jet of opacified blood extending through 
the defect in the septum into the right ventricle. As 
the outflow tract of the right ventricle becomes opac- 
ified, a lucent zone is seen in the lateral view be- 
tween the anterior margin of the right coronary sinus 
of Valsalva and the posterior border of the infundibu- 
lum. This represents the crista supraventricularis. 
The crista cannot be identified in the frontal view 
because it is projected en face and is obscured by the 





Figure 2. Case 5. Frontal view of a selective left ventricular 
angiocardiogram in documented subpulmonic ventricular septal 
defect. The arrow points to a jet of contrast material, well 
visualized on the original X-ray film, arising beneath the left 
aspect of the aortic valve and directed into the outflow tract of 
the right ventricle. 
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Figure 3. Case 3. Lateral view of a selective left ventricular 
angiocardiogram in proved isolated subpulmonic ventricular 
septal defect. Note the triangular jet of contrast material crossing 
the upper pole of the crista supraventricularis and sweeping into 
the subpulmonic region of the right ventricular infundibulum. The 
origin of the opacified jet is vaguely defined but appears to be 
well above the region of the membranous septum which lies be- 
low the crista supraventricularis. 





Figure 4. Case 6. Lateral view of a selective left ventricular 
angiocardiogram in proved isolated subpulmonic ventricular 
septal defect. Note the opacified right coronary sinus of Valsalva. 
The arrow points to a secondary bulge which is the inferior margin 
of the wall of the sinus of Valsalva herniating through the ventricu- 
lar septal defect. There is only a minimal rim of lucency anterior 
to the prominent right coronary sinus of Valsalva, suggesting the 
presence of a hypoplastic crista supraventricularis. 


shadows of the right ventricle and aorta. A defect in 
the conal septum is depicted in the frontal view of a 
selective left ventricular angiocardiogram as a jet of 
contrast material arising from beneath the left as- 
pect of the aortic valve and extending to the left into 
the subpulmonic region of the right ventricle (Fig. 
2). Visualization of the opacified jet in this region is 
the sine qua non of a subpulmonic ventricular septal 
defect. Opacification of the outflow tract alone, and 
not the body of the right ventricle, is not reliable evi- 
dence of a defect in the conal septum, as erroneously 
stated in a recent report.1° This is because the jet 
of contrast material passing through a membranous 
septal defect may be directed upward and fill primar- 
ily the infundibular region. In these cases, the jet of 
contrast material crossing the septal defect cannot 
be identified in the frontal view as in subpulmonic 
ventricular septal defect. On the other hand, the 
shunt in a majority of membranous defects is direct- 
ed into the body of the right ventricle and may be 
seen in the frontal view extending downward from 
beneath the right border of the aortic valve along the 
ventricular side of the tricuspid valve. 


In the lateral view, recognition of a subpulmonic 
ventricular septal defect depends largely upon iden- 
tification of the crista supraventricularis and loca- 
tion of the opacified shunt above or across it. Gen- 
erally, shunts associated with defects in the conal 
septum are difficult to identify in this view since 
they are obscured by the opacified root of the aorta. 
On the other hand, shunts across a membranous 
septal defect are usually well seen just below the 
crista supraventricularis in the lateral projection. 
Occasionally, however, in the lateral view an opaci- 
fied jet can be seen crossing the upper pole of the 
crista supraventricularis (Fig. 3), strongly suggest- 
ing the presence of a subpulmonic lesion. An opacified 
jet located below a well silhouetted crista supra- 
ventricularis is unequivocally associated with a sub- 
cristal defect whether or not the shunt appears to flow 
directly into the outflow tract. 

Accessory signs that suggest the presence of a sub- 
pulmonic ventricular septal defect are unexplained 
dilatation of the right coronary sinus of Valsalva 
with or without aortic regurgitation (Fig. 4) and pro- 
lapse of the sinus of Valsalva and right coronary 
cusp into the infundibulum of the right ventricle. 
Another useful clue, best visualized in the lateral 
view, is the presence of a hypoplastic or poorly delin- 
eated crista supraventricularis. This can be evalu- 
ated when the shunt is large enough to produce a 
well opacified right ventricle. Absence of any lucency 
between the root of the aorta and the infundibulum 
suggests a maldevelopment in the conal septum; ad- 
ditional support for this diagnosis is provided when 
the right coronary sinus of Valsalva is prominent and 
bulges forward. In some cases the shunt is small and 
not easily visualized because the prolapsed aortic 
valvular cusp partially occludes the subpulmonic de- 
fect. When an opacified shunt cannot be clearly visu- 
alized, and a defect in the conal septum is suspected 
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by virtue of characteristic auscultatory findings, the 
appearance of one or more of the accessory signs 
should prompt a critical review of the angiocardi- 
ographic data. We have overlooked on first examina- 
tion a subtle shadow representing an opacified 
shunt through a subpulmonic ventricular septal de- 
fect, whereas on subsequent review a density high- 
lighting a shunt became apparent. Furthermore, 
the presence of an accessory sign on the initial left 
ventricular angiocardiogram has influenced the deci- 
sion to repeat the left ventricular angiographic stud- 
ies, sometimes modifying the technique or projection 
in order to improve delineation of the site of origin of 
an opacified shunt. 


Discussion 
Differential Diagnosis 


The auscultatory findings in our patients with 
proved subpulmonic ventricular septal defect are 
identical to the observations of Reynolds,2 who was 
first to relate a specific murmur to this lesion. The 
murmur associated with defects in the conal septum 
is indeed high and pansystolic in duration, but this 
deseription applies equally well to murmurs associ- 
ated with some defects below the crista, particularly 
those in the membranous septum. However, the dis- 
tinguishing features of the murmur of subpulmonic 
ventricular septal defect are its crescendo-decre- 
scendo quality and its radiation upward toward the 
left clavicle rather than downward toward the lower 
left: sternal border. 

Valvular pulmonic stenosis: Crescendo-de- 
crescendo or diamond-shaped murmurs are generally 
considered characteristic of stenotic lesions of the 
semilunar valves, but the murmur generated by a 
stenotic valve neither begins immediately with the 
-first heart sound nor extends throughout systole. The 
radiation of a diamond-shaped systolic murmur up- 
ward toward the left clavicle and the jugular notch 
would also support a diagnosis of valvular pulmona- 
` Ty stenosis rather than ventricular septal defect, but 
the pansystolic timing of the murmur coupled with 2 
well preserved components of the second heart sound 
argue against the former diagnosis. Furthermore, the 
absence of an ejection click on the phonocardiogram, 
post-stenotic dilatation of the pulmonary artery on 
the chest roentgenogram, and pure right ventricular 
hypertrophy on the electrocardiogram tend to mini- 
mize, if not eliminate, the possibility of valvular pul- 
monary stenosis. Therefore, distinguishing between 
isolated defects in the conal septum and isolated val- 
vular pulmonary stenosis does not pose a difficult 
problem in differential diagnosis. 

Ventricular septal defect associated with valvu- 
lar pulmonary stenosis: This is one of the com- 
moner cardiac malformations which is difficult to 
distinguish on clinical grounds alone from an isolat- 
«ed defect in the conal septum. The phonocardio- 

< graphic characteristics of the murmur, the site of 
= Maximal intensity and the radiation of the murmur 
may be very similar in the 2 lesions. To complicate the 


problem, combined ventricular septal defect and pul- 
monary stenosis, which imposes a strain on both ven- 
tricles, is usually associated with a balance of elec- 
trical forces reflected in the electrocardiogram either 
as biventricular hypertrophy or as a normal pattern 
similar to that seen in subpulmonic ventricular sep- 
tal defect. The important point in this regard is that 
the pressure data obtained from right heart catheter- 
ization may be all that is necessary to differentiate 
ventricular septal defect and pulmonary stenosis © 
from an isolated defect in the conal septum. When > 
the auscultatory findings are diagnostic of either le- 
sion and accompanying clinical and laboratory data 
do not help to resolve the differential, the absence of 
a significant gradient, perhaps greater than 30 mm 
Hg, across the pulmonary valve would suggest a de- 
fect in the conal septum. Once the lesion is suspect- 
ed, a determined effort should then be made to dem- 
onstrate the site of origin of the shunt by selective 
left ventricular angiocardiography. 
Right ventricular outflow tract obstructions: 
Defects in the conal septum have been reported 
to be associated with infundibular muscular stenosis 
and valvular stenosis,!! the diagnosis of which is 
rarely suspected on clinical grounds and difficult, at 
least in our experience, to prove in the laboratory. a 
Occasionally, herniation of the aortic valve into the _ 
right ventricular outflow tract produces significant 
and demonstrable obstruction. However, right ven- 
tricular to pulmonary arterial gradients as great as 
50 mm Hg” have been observed in isolated subpul- 
monic ventricular septal defects with no discernible 
obstruction noted at surgery, post-mortem examina- 
tion or right ventricular angiocardiography. Sub- 
stantial gradients may exist across the right ventricu- 
lar outflow tract, but in some cases the anatomic 
basis for the gradient may not be readily apparent. 
Ballooning of the herniated aortic valve into the 
right ventricular outflow tract may account for some 
of these gradients, but objective evidence of this is 
often wanting. The wide splitting of the 2 compo- 
nents of the second heart sound noted in subpulmon- 
ic ventricular septal defect has been attributed to 
delayed right ventricular emptying coincident with 
outflow obstruction, but this does not explain the 
presence of wide splitting when obstruction has been 
shown not to exist. 





Management 


The frequent but as yet unresolved problem of _ 
management occurs in the case of the small isolated 


ventricular septal defect. Diagnosis is generally ac- 
cepted on the basis of a familiar constellation of clin- 
ical findings among which are a pansystolic murmur, 
a normal electrocardiogram and a normal chest- 
roentgenogram. The overall consensus among pediat- 
ric cardiologists with regard to the small ventricular 
septal defect is to defer cardiac catheterization, an- 
giocardiography and surgical repair indefinitely. In 
general, after the clinical diagnosis, no further effort 
is expended to better characterize a lesion considered 
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to be a small ventricular septal defect. However, 
‘small defects in the conal septum can no longer be 
categorized as harmless malformations.” Experience 
in a number of cardiac centers has revealed that in 
_ defects in the conal septum, regardless of size, the 
troublesome complications of aortic valvular pro- 
~ lapse with or without associated aortic regurgitation 
may develop.*:> There are no reliable clinical indica- 
tors to signal the clinician that a defect in the conal 
| septum is uncomplicated. The electrocardiogram, 
“the chest roentgenogram and the absence of a dia- 
stolic murmur do not help in prediction of whether 
there is coexisting abnormality of the aortic valve. 
-C Tn view of this unpredictability regarding defects 
<3 in the conal septum, we recommend early investiga- 
tion of patients in whom this lesion is suspected on 
c'u the basis of auscultatory and phonocardiographic 


features. Early investigation with the view toward 
establishing the site of the defect and the anatomic 
and functional state of the aortic valve offers the ad- 
vantages to be derived from early detection, not the 
least of which is a clearer understanding of the natu- 
ral history of this lesion. Selective left ventricular 
angiocardiographic studies in the frontal and lateral 
planes are necessary in order to identify properly 
pertinent anatomic structures and shunt flow pat- 
terns. Supravalvular aortography should also be in- 
cluded as part of the investigation to permit assess- 
ment of the anatomy and competence of the aortic 
valve. We have emphasized the importance of selec- 
tive aortography in a previous report by demonstrat- 
ing that subpulmonic ventricular septal defect may 
coexist with significant aortic insufficiency in the ab- 
sence of an audible murmur of aortic insufficiency.” 
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A maximal performance exercise test was carried out in 1967 among 
a representative sample of 793 men in Goteborg, Sweden, aged 54. ne 
A study was made of the relation between resting and induced ar- — 
rhythmias and known coronary risk factors and signs of existing | 
coronary heart disease. Rhythm or conduction defects were detected 
among 93 men (11.7 percent) at rest or during exercise. Ventricular — 
premature beats were the most common arrhythmia. : 
Levels of resting blood pressure on entry into the Göteborg Study 
in 1963, and of fasting blood glucose of the year of this examination z : 
(1967) were correlated with the occurrence of ventricular premature _ 
beats during exercise. There was also a significant relation between __ 


ischemic electrocardiographic abnormalities during or after maximal 
performance and ventricular premature beats. Enlargement of the 


cardiac silhouette on X-ray film was similarily correlated with ventricu- 
lar premature beats. 

Two sudden and unexpected deaths occurred later among men 
who had frequent ventricular premature beats aggravated by exercise. 
Although the number studied is small, exercise-induced arrhythmias. _ 
may prove to be important predictors of later sudden death. Further : 
efforts are indicated in this field. } 






Little is known about the prevalence, incidence and distribution of - 
various cardiac arrhythmias in a general population. In the present 
study a maximal performance test was used to detect rhythm and con- 


duction abnormalities in an urban male population in Sweden. The 
interrelations between cardiac arrhythmias, coronary risk factors and 


coronary heart disease are basic to the proper study of the prognostic 
importance of cardiac arrhythmias in relation to sudden cardiac’ 
death. 


Material 


The study population was sampled by the Office of Internal Revenue in 
Göteborg, Sweden. This office maintains a continuously up-dated register of. 
all inhabitants in Göteborg. The sample consisted of all men born in 1913, on 
dates evenly divisible by 3, and living in Göteborg at the end of 1962 when the’ 
sampling took place. The sample thus obtained consisted of 973 men, and 855° 


of these (88 percent) arrived at this hospital for examination during 1963.1. 


Characteristics (mainly socioeconomic) of the subjects who refused to co- a 
operate in the study have been described previously.? This selection was used. 


to eliminate the influence of age on the study variables, including ar : 


rhythmias. PEN 
In 1967 803 men were reexamined. The nonrespondent group thus consisted : 
of 52 subjects, of whom 25 refused examination, 18 were dead and 9 could not 
be traced. The maximal performance test was carried out by 793 men: 10 sub-: 
jects did not participate, 8 because of severe locomotor disturbances and 2 
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Figure 1. The general procedure for the exercise test, Minute 
intervals are marked on the horizontal line. BP = systolic blood 
pressure, f = respiratory frequency and R = perceived (rated) 


‘> exertion. 


because of previous myocardial infarction. The criteria for 
these exclusions are presented in another paper.® 


Methods 


The procedure of the maximal performance test is shown 
in Figure 1.8 The electrocardiogram was recorded every 2 
minutes during submaximal and every minute during maxi- 
| ‘mal work levels. The duration of each recording was approx- 
imately 30 seconds. The electrocardiograms were coded by 
a single person according to the Scandinavian Modification 
of the Minnesota Code which attempts to adapt those 
criteria to the CR-CH leads used in Sweden. 45 

The population was further studied with regard to the 
variables shown in Table I. The relation of supraventricular 
and ventricular premature beats to measured cardiovascu- 
lar risk factors was studied in the men above and below the 
median and highest quintile of each separate risk factor for 
those presenting premature beats. Qualitative information 
such as presence of coronary heart disease according to 
questionnaire (previous myocardial infarction, angina 
pectoris, ischemic electrocardiographic abnormalities) was 
related to the frequency of premature beats. Findings of 
Minnesota Code items 1:1-3 (Q waves) or 4:1-3 (S-T seg- 
ment depression) were used as electrocardiographic evi- 
dence of coronary heart disease. The relations were tested 
by chi square analysis. 

Ventricular premature beats induced or aggravated 
by exercise: The ability of the maximal performance 
test to detect a tendency to development of premature 
beats was studied by 2 different methods. In subjects free 


TABLE Il 


TABLE I 


Variables Studied in Relation to Premature Beats at Rest and 
During Exercise in 1967. Men 54 Years of Age (no. = 803) 


aeren ANCL NN TCC NC ATR 


1963 Study Data 
i ga ot ase en ee ec 
Systolic blood pressure 
Serum cholesterol 
Serum triglycerides 
Fasting blood glucose 
Heart volume (X-ray study) (cc/m? body surface area); erect and 
supine 
ischemic electrocardiographic changes at rest (Minnesota Code 
1:1-3 or 4:1-3)* 
E Ni ak Ag a a a eee 
1967 Study Data 
ge gs Me ae Ss E lt ete Soma 
Systolic blood pressure 
Serum cholesterol 
Body weight 
Serum potassium 
Serum glycerol 
Blood glucose 
ischemic electrocardiographic changes (a) at rest and (b) during 
exercise (Minnesota Code 1:1-3 or 4:1-3)* 
Previous myocardial infarction 
History of hypertension 
Physical activity (according to Wilhelmsen and Tibblin™) 
Smoking habits 
Angina pectoris 
Chest pain (according to Rose and Blackburn) 
Dyspnea 
* Minnesota Code: 1:1-3 = Q and QS patterns; 4:1-3 = S-T 
junction and segment depression. 


from all arrhythmias at rest, premature beats developing 
during exercise were classified as premature beats induced 
by exercise (Table II). Table Il presents subjects with or 
without resting arrhythmias and with increasing arrhyth- 
mias with stepwise increase of work load. These arrhyth- 
mias were termed premature beats aggravated by exer- 
cise. The classes of arrhythmias were selected to permit 
identification of subjects with very frequent premature 
beats (more than 10 premature beats in 40 heartbeats). 
For example, a subject with fewer than 10 premature 
beats in 40 heartbeats (<9 in 40 at 300 kpm/min) was not 
included in Table IHI unless a frequency of at least 10 pre- 
mature beats in 40 heartbeats developed at a work load of 
600 or 900 kpm/min. 


Premature Beats Induced by Exercise: Number of Subjects Free from Arrhythmias at Supine Rest and with 
Arrhythmias at Different Levels of Work Load. Men 54 Years of Age (no. = 803) 


a r 


Rest, Standing 300 kpm/min 

Premature Beats (no. = 787} (no. = 766) 
Supraventricular 

Occasional 1 0 

> 4/40 2 4 
Ventricular 

Occasional 4 7 

> 4/40 1 3 


4 Min After 4 Min After 
600 kom/min 600 kpm/min > 900 kpm/min > 900 kpm/min 
(no, = 753) (no. = 753) (no. = 256) (no, = 256) 
0 4 Q 0 
3 3 0 1 
3 3 4 4 
2 3 2 1 
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TABLE Ill 
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Premature Beats Aggravated by Exercise: Number of Subjects (A) With or Without Premature Beats at Supine Rest and 
‘With an Increased Frequency of Premature Beats During Exercise, and (B) With More Premature Beats After Exercise Than ata 


Work Load of 600 or 900 kpm/min, Men 54 years of age (no. = 803) 




















n:a ; 
i Rest after oe Rest After 
Rest, Standing 300 kpm/min 600 kpm/min >900 kpm/min -+800 kpm/min “3000 kpm/min 

Premature Beats (no. = 787) (no, = 766) (no. = 753) (no. = 256) (no = 753) oo Ors 256) 
“< Supraventricular o 

"L940 1 2 2 0 1 

>10/40 1 1 3 0 2 
Ventricular 

<9/40 2 8 3 1 0 

> 10/40 0 0 2 0 3 

Results greater than 600 kpm/min. One man with left. bun- 


Arrhythmias or conduction defects at rest in 
the supine and upright positions: Forty-three of 
793 men (5.4 percent) had some kind of abnormal 
rhythm or conduction at rest. Three’ had left bundle 
branch block and 4 had atrial fibrillation. Twenty- 
one men (2.6 percent) had ventricular premature 
beats, the most common arrhythmia. Supraventricu- 
lar premature beats occurred in 15 subjects (1.9 per- 
cent) (Table IV). For various reasons electrocardio- 
grams could not be recorded in 6 subjects in the up- 
right position, but no resting arrhythmias were de- 
tected in these subjects. The frequency of supraven- 
tricular premature beats was reduced on standing 
{Table IV). 

Arrhythmias during exercise: Table IV shows 
the number of subjects who performed various work 
loads. More than 256 (30 percent) performed at a 
level of at least 900 kpm/min. Some kind of rhythm 
or conduction. defect at rest or during exercise was 
detected among 91 subjects (11.4 percent). The 4 
men with atrial fibrillation did not perform at a level 


TABLE IV 


dle branch block performed at a level of 900 kpm/ 
min. No premature beats were detected among the 
subjects with atrial fibrillation or left bundle branch 
block. : 
The proportion of men having ventricular pre- 
mature beats did not change greatly between the rest- 
ing state and various levels of work load. After exer- 
cise there was an increase in the proportion of men _ 
with supraventricular and ventricular premature i 
beats. Si 
Premature beats induced by exercise: Süpra 
ventricular premature beats did not seem to be ine 
duced during exercise (compare Tables If and IV). | 
The majority of the ventricular premature contrac- 
tions occurring at 900 kpm/min or more were in- _ 
duced during exercise. The number of supraventricu- _ 
lar and ventricular premature beats increased. after a 
exercise. s 
Premature beats aggravated by exercise: The 
men who experienced more severe arrhythmias with. 
advancing physical exercise are particularly inter- 


Number and Percentage of Subjects with Arrhythmias and Conduction Defects at Rest and During Exercise. Men 


54 Years of Age (no. == 803) 








Rest, Rest, 4 Min After 4 Min After 
Recumbent Standing 300 kpm/min 600. kpm/min 600 kpm/min > 900 kpm/min > 900 xpm/min 
Arrhythmia (no. = 793) (no. = 787) (no. = 766) (no. = 753) (no. = 753) (no. = 256) (no, = 256) o 
Supraventricular premature beats 
Occasional 5 1 0 1 6 0 2 
4-9/40 9 2 7 6 4 2 8 
> 10/40 1 1 1 4 3 1 2 
% of total 1.9 0.5 1.0 1.5 1.7 1.2 4.7 
Ventricular premature beats 
Occasional 11 8 1l 6 7 5 3 
4-9/40 9 5 10 7 10 2 i 
> 10/40 1 1 1 2 2 0 2 
% of total 2.6 1.8 2.9 2.0 2.5 2.7 Sel 
Atrial fibritlation 4 4 4 2 2 0 g 
Bundle branch block 3 3 3 3 3 1 1 
% of total (all arrhythmias and 
conduction defects) 5.4 3.2 4.8 4.1 4.7 4.3 i¢.1 
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“TABLE V 
-Number of Subjects with Ventricular Premature Beats 


; Induced and Aggravated by Exercise, in Relation to Selected 
_ Risk Factors. Men 54 Years of Age (no. = 803) 





Ventricular 
Premature 
Beats During 
Exercise 


Study Data (no. = 41) xX? P 





= 1963 
«i Systolic blood pressure above 
> upper quintile (> 150 mm Hg) 


(no. = 171) 15 7.43 <0.01 
Cardiac volume above upper 
quintile, recumbent (>473 
mi/m? BSA) (no. = 171) 14 5.41 <0.025 
1973 


Systolic: blood pressure above 

upper quintile (>160 mm Hg) 

(no. = 159) 9 0.11 NS 
Blood glucose concentration 
“above upper quintile 


(>73 mg/100 cm?) (no. = 158) 16 9.78 <0.005 
Electrocardiographic abnormalities; 

Minnesota Code 1:1-3, 4:1-3, 

maximal performance test 

(no. = 161) 22 29.73 <0.0005 





BSA = body surface area; NS = not significant. 


Recumbent cardiac volume [mint asa}ises 


Subjects with VPB’s 
Subjects. with VPB's 








Systolic 
ca 16 = 216 
Ey & 14 
> > 
£ '2 £ 12 
3 10 } 10 
2.84 me rr ee -- sB 
w 
26 26 
2 a 
2t a4 
2 2 
1 2 3 k o § 
-n9 120128 129-138 139-149 150. 
x722743 
p<0,01 





æsting. Two men had more than 10 ventricular pre- 
mature beats in 40 heartbeats at a work load of 600 
kpm/min. This arrhythmia became aggravated 
by exercise at a level of 600 kpm/min but not at 300 
kpm/min (Table HI). These 2 men were among the 3 
an the entire cohort who died suddenly between Jan- 
aary 1, 1968 and December 31, 1970. 

Premature beats and coronary risk factors: 
There were no correlations between the occurrence 
of supraventricular and ventricular premature beats 
at rest or during exercise and other factors such as 
amoking, physical activity, serum cholesterol, serum 
triglycerides and body weight. A blood pressure level 
above the highest quintile in 1963 was correlated 
with ventricular premature beats during exercise in 
1967. However, hypertension ‘detected in 1963 was 
treated. and a blood pressure level above the highest 
quintile in 1967 could not be correlated with ventric- 
ular premature beats during exercise. A significant 
excess of subjects with blood glucose values above 
the upper quintile was found among those with ven- 
tricular premature beats during exercise (induced 
and aggravated, P <0.005) (Table V, Fig. 2). The 
number of subjects with atrial fibrillation and bun- 
dle branch block was too small to be analyzed. . 

Premature beats and other indicators of heart 
disease: A positive history of angina pectoris, other 
chest pain, previous myocardial infarction, breath- 
lessness and subjective sensations of disturbed car- 
diac rhythm were not correlated with the occurrence 


Blood glucose [mo 100m] 1967 





Figure. 2. Number of subjects 
with ventricular. premature beats 
induced and aggravated by exer- 
cise in relation to quintiles of dis- 
tributions. of systolic blood pressure 
in 1963-and 1967, recumbent car- 
diac volume and blood glucose 
concentration. Men 54 years of 


2011 
ns age (no. = 803). 





of premature contractions at rest or dur 
-© There was a strong relation between ischemic elec- 
-.trocardiographic abnormalities during or after maxi- 
mal performance and the occurrence of ventricular 
premature beats during exercise (P <0.0005). Rest- 
ing ischemic electrocardiographic abnormalities at 
entry in 1963 (Minnesota Code 1: 1-3 or 4: 1-3) were 
not correlated with the occurrence of either supra- 
ventricular or ventricular premature beats at rest or 
during exercise in 1967, nor were resting electrocar- 
diographic abnormalities in 1967. Enlargement of 
the cardiac silhouette on the chest roentgenogram 
(recumbent) measured in 1963 was correlated with 
the occurrence of ventricular premature beats (P < 
0.025) (Table V, Fig. 2). Neither induced nor aggra- 
vated premature beats indicated increased risk for 
» future myocardial infarction or death, but the num- 
. ber of subjects is insufficient for firm conclusions 
“about prognosis. 


Discussion 


In Western Europe and the United States cardio- 
vascular disease dominates the mortality pattern.&8 
In Sweden 40 percent of all deaths among men be- 
tween 50 and 54 years of age belong to this category. 
Coronary heart disease is responsible for approxi- 
mately two thirds of the cardiovascular disease in 
this age group.’ Approximately half of all the deaths 
from coronary heart disease occur within a few hours 
after onset of symptoms and before admission to the 
. hospital or coronary care unit.9 Coronary heart dis- 
ease is estimated to account for at least half of all 
sudden and unexpected deaths. 19-15 

From the population study in Tecumseh, Michi- 
gan, it is reported. that during 6 years of follow-up 
study, 98 persons died of coronary heart disease. 
. Forty-five of those deaths occurred within 1 hour 

after onset of symptoms. All but 7 of these persons 

had had rhythm and conduction defects on electro- 
cardiograms previously recorded at rest,13.16 al- 
though other prognostic factors were not controlled 
in this study. Im several studies it has been shown 
that those dying within a short time after onset of 
symptoms have less pronounced coronary atheroscle- 
rosis.17 

Against this background it is assumed that ar- 
rhythmias may be primary life-terminating events.18 
This is corroborated by observations on patients 
with acute cardiac arrest due to malignant arrhyth- 
mias during physical exercise. In some cases the pa- 
tients were successfully resuscitated without signs of 
clinical myocardial infarction.19:20 However, there is 
little information about arrhythmias induced by ex- 
ercise in general populations although there are sev- 
eral studies in various selected groups.21-23 Much ef- 
fort has been devoted to the study of ischemic elec- 
trocardiographic abnormalities and their prog- 
nosis.1.23-28 Other studies have been devoted to the 
importance of the relation between ventricular pre- 
mature beats and the immediately preceding cardiac 

- cycle in certain states.29.3¢ 
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The size of the present population sample and the 
method of sampling, in our opinion, justify the con- 
sideration that this sample is unbiased and therefore 
permits inference with regard to men in the present . 
age group in a Swedish city. The nonparticipation 
group is small. t 

The greatest frequencies of arrhythmias among 


healthy subjects have been reported in studies using 


long-term electrocardiographic monitoring tech-) 
niques.31 There is no population survey using this- 
method. In the present study 5.4 percent of subjects 
had some kind of rhythm and conduction defects at 
rest, and 11.4 percent during rest or exercise. In Te- 
cumseh a higher resting figure was found.16 
Astrand21,22 has presented several studies on select- 
ed groups and generally presents greater total 
frequencies of various premature beats. Different 
frequencies of different arrhythmias in different 
studies may be due to one or more of the following- 


factors: (1) true difference in frequency, (2) differ- < 
ence in recording time, (3) difference in age or sex: 


composition, and (4) other selective mechanisms. 
The difference between the frequencies of various ar- 
rhythmias in our and other studies cited cannot be 
explained easily. Several of the factors mentioned — 
may be working simultaneously. Since the likelihood 
of detecting premature beats is increased by increas- 
ing the recording time, this factor is important. 


Induced ventricular premature beats and fature 
sudden death: 
nated between 2 different groups of ventricular pre- 
mature beats, those induced by exercise and. those 
further aggravated by exercise. A rate of more than 
10 ventricular premature beats in 40 heartbeats was © 
observed only among the men with ventricular pre- 
mature beats aggravated during exercise. These men 
later died suddenly. No conclusions are possible be- 
cause of the small number of subjects observed. 
Subjects whose arrhythmias were aggravated during 


work had arrhythmias present at rest. Chiang et 


al.43.16 found an unexpectedly high number of 
subjects with previously recorded ventricular pre- 
mature beats among.those who later died suddenly. 


According to these workers, ventricular premature ` 


beats recorded at rest imply an increased risk of fü- 
ture sudden and unexpected death, possibly unrelat- | 
ed to the accepted cardiovascular risk factors. It has 
been stated in standard medical textbooks that. ven- 
tricular premature contractions occurring during ex- 
ercise are associated with a less favorable prog- 
nosis.32:33 Our experience of 2 cases of sudden death 
among those with very frequent ventricular pre- 
mature contractions aggravated by exercise hint that 
this old clinical impression may be true. There are. 
too few prognostic studies in general populations to > 
determine whether suppression of ventricular pre- 
mature beats in general populations would help pre- ae 
vent later sudden and unexpected death. 
Premature beats and other coronary: risk fac- 
tors: In the present study, among men with ar- 
rhythmias, there was no significantly increased num-.. 


In the present study we discrimi-. — 
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> ber of subjects with values above the upper quintile 
- for cholesterol, triglycerides, blood pressure in 1967 
and body weight. Bloed pressure in 1963 seemed to 
be related to ventricular premature beats in 1967. 
Physical activity and smoking seemed to be unrelat- 
ed to the occurrence of premature beats. There was 
an increased number of subjects with fasting blood 
-glucose concentrations above the upper quintile 
_. among those presenting ventricular premature beats 
during exercise. Aside from fasting blood glucose 
concentration and previous bleod pressure in 1963, 
“there was no connection between coronary risk fac- 
tors and ventricular premature beats. There seemed 
to be no relation between blood glucose and ventric- 
= ular premature beats at rest or supraventricular pre- 
mature beats at rest or during exercise. In the Te- 
cumseh study no relation could be detected between 
premature beats and cardiovascular risk facters.1® 
-Using long-term recordings Hinkle et al.31 detected 
“more ventricular arrhythmias than expected among 
= subjects at “high risk,” that is, those with hyper- 
cholesterolemia, hypertension or electrocardiographic 
abnormalities. In the present study there was a 
clear-cut increase of subjects with ischemic electro- 
cardiographic abnormalities (Minnesota Code 1 : 1-3, 
4:1-3) during maximal performance among those 
who had ventricular premature beats during exer- 
cise. That no such increase was found among 
subjects with resting electrocardiographic abnor- 
malities is probably due to the small number with 
S-T segment depression at rest. 

The present investigation detected no relation be- 
tween resting arrhythmia and angina pectoris, other 
chest pain, previous myocardial infarction or breath- 
lessness. It should be remembered that in 1967 the 
number of patients in the study having survived a 
myocardial infarction was small, and 2 patients with 
a previous history of myocardial infarction were ex- 
cluded from the present maximal performance test. 
There may be a relation between a subsequent ten- 
dency to have ventricular premature beats during 
exercise and previous radiographic heart volume and 
blood pressure determinations above the highest 
quintile. A relation between ventricular premature 


beats and ischemic heart disease was also found by 
Chiang et al.!6 Supraventricular premature contrac- 
tions seemed to be more benign from this view- 
point. 16.34 

The present findings indicate a relation between 
ventricular premature beats in 1967 and elevation of 
blood pressure level recorded at entry in 1963. This 
relation is no longer present since the increased 
blood pressures in 1963 were reduced in 1967 as a re- 
sult of more active and widespread antihypertensive 
treatment. 

Clinical implications: There is no absolute 
agreement on the importance of ventricular pre- 
mature contractions in the general population. In the 
presence of acute myocardial infarction and certain 
other clinical diseases, ventricular premature beats 
indicate an increased electrical instability of the 
heart.25 With regard to seemingly healthy subjects 
some investigators®® consider ventricular premature 
beats only another manifestation of ischemic heart 
disease, of little intrinsic significance. Other data 
have been interpreted differently. Some workers16.31 
consider premature ventricular contractions a posi- 
tive risk factor for sudden unexpected death. In cer- 
tain studies this risk factor is found to be unrelated 
to coronary risk factors, but other studies indicate a 
relation, 16.31 

It is likely that in many studies performed so far, 
samples of the cardiac rhythms of the subjects under 
study have been too small. It is also possible that 
physical activity is not the most optimal way to in- 
duce arrhythmias. Mental stress should be consid- 
ered. Future efforts are indicated to pinpoint 
subjects prone to acute malignant arrhythmias. In 
the present controversy over the importance of pre- 
mature beats in chronic states it will be important to 
study in carefully controlled trials the ability of an- 
tiarrhythmic drugs to suppress premature contrac- 
tions and reduce the risk of sudden death. 
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Thirty-seven men (mean age 42 years) with acquired right bundle 
branch block were evaluated by complete electrocardiographic 
testing, a glucose tolerance test, determination of serum lipids and 
total body water, chest roentgenograms, left and right heart 
catheterization including coronary cineangiography, and coronary 
sinus catheterization. 

One patient had a 75 percent obstructive lesion in 1 coronary 
artery, 4 had lesser lesions and 32 had normal coronary arteriograms. 
Left ventricular end-diastolic pressure was greater than 12.0 mm Hg 
in 33 of 35 patients, and right ventricular end-diastolic pressure was 
greater than 6.0 mm Hg in 28 of 29 patients, either at rest or with 
exercise, or both. Measurements of ventricular systolic performance 
were normal. Left ventriculograms were normal in 32 patients, and the 
ejection fraction was reduced in 5. No ventricular asynchrony was 
present. No patient had significant myocardial lactate production at 
rest, and in no case did the coronary sinus lactate level during 
exercise exceed the arterial level. Significant large coronary arterial 
obstruction could have been an etiologic determinant in only 1 of the 
37 patients. The almost consistent and unique association of acquired 
right bundle branch block with increased end-diastolic ventricular 
pressure at rest or with exercise, or both, is as yet unexplained but 
suggests the presence of a mild diffuse abnormality of the ventricular 
myocardium, including some portion of the right bundle branch. 


Epidemiologic studies of patients with right bundle branch block 
show marked variability in the prevalence of overt heart disease and in 
the prognosis on follow-up study. Such results probably reflect the dif- 
ferences in the populations surveyed. Electrocardiographic surveys 
in several populations!~5 have established a greater than normal in- 
cidence of overt cardiac disease in persons demonstrating bundle 
branch block; nevertheless, patients who have right bundle branch 
block without overt heart disease have been recognized for over 40 
years, and several reports have documented a benign prognosis for 
these patients. In otherwise apparently healthy persons, the occur- 
rence of right bundle branch block has been considered to be “physio- 
logic” by some investigators® and to signify asymptomatic coronary 
heart disease to others.?7 A 4% year follow-up study of patients with 
acquired right bundle branch block, previously reported from the 
U. S. Air Force School of Aerospace Medicine,* demonstrated that 
symptoms suggestive of coronary heart disease developed in only 1 of 
59 patients during the follow-up period. This paper expands on the 
clinical, hemodynamic and coronary angiographic findings in a group 
of previously described patients with acquired right bundle branch 
block. 
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Materials and Methods 


The population studied consisted of 37 active duty U.S. 
Air Force pilots who had one or more electrocardiograms 
on file which did not show right bundle branch block be- 
~ fore the discovery of right bundle branch block. 

The electrocardiographic and vectorcardiographic crite- 
ria for complete right bundle branch block were (1) a QRS 
duration of 0.12 second or greater; and (2) terminal force 
slowing of the QRS of 0.04 second’s duration or longer 
with the terminal vector directed rightward and anterior- 
ly. 
Clinical evaluation included history, physical examina- 
tion, resting electrocardiogram, precordial electrocardi- 
ographic map, double Master 2-step test, treadmill stress 
testing, Frank lead vectorcardiogram, chest roentgeno- 
gram and routine laboratory tests including glucose toler- 
ance test, serum lipid study and total body water deter- 
mination by a tritium-dilution technique. 

The treadmill stress testing used an orthogonal lead 
system and a treadmill protocol of 3.3 miles/hour con- 
stant speed with a 1 percent’ increase in treadmill grade 
per minute. Expired air was collected in Douglas bags 
during the final minutes of treadmill exercise, and maxi- 
‘mal oxygen consumption was calculated from expired 
minute volume determinations and oxygen content. 

Glucose tolerance testing was carried out. with the pa- 
tients fasting overnight. after 3 days of dietary preparation 
with a carbohydrate intake of at least 300 g/day. Glucose, 
100 g, was administered orally, and blood sugar levels 
were determined as plasma glucose by the AutoAnalyzer 
Hoffman ferricyanide technique.!° The lipid panel in our 
laboratory consisted of total lipids, cholesterol, trigly- 
cerides and phospholipids. An ether extract!4 was made 
from the serum sample, and cholesterol?? and triglycer- 
ide1? analyses were performed on the extract. Phospholip- 
id** analysis was performed on the original raw serum 
sample. Total lipids. were then calculated by a summation 
technique.15 Total body water was determined by tritium 
dilution and body fat calculated by a standard formula.1® 

Cardiac catheterization consisted of a 2-catheter right 
‘heart and a retrograde left heart catheterization per- 
formed at rest and during exercise on a supine bicycle er- 
gometer. All pressure measurements were performed be- 
fore performance of any angiographic procedure. Cardiac 
output measurements were made by the direct Fick prin- 
ciple. Blood specimens: were obtained from the aorta and 
coronary sinus for measurement of oxygen and lactate.17 
Left: ventriculography in the right anterior oblique projec- 


tion and selective coronary angiography were then per- l 


formed. 


Results 
Clinical Features 


Clinical evaluation revealed that 1 patient had a 
history of gout, symptomatically controlled by pro- 
benicid, 1 had moderately severe ankylosing spon- 
dylitis without evidence of valvular heart disease, 
and 4 patients had a history of chest pain. In 3 pa- 
tients, the chest pain was recurrent over 6 to 8 years 
but was not typical of angina pectoris. The remain- 
ing patient had an isolated episode of severe chest 
pain associated with dyspnea. Clinical evaluation 


_. during the acute episode failed to reveal an explana- 
= ction for the pain. The pain had not recurred in 3 


years. 
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TABLE I 


Group Mean Values (-:1 Standard Deviation) 
a a ea ee A es ee nS 





Values +: 18D 
Age (yr) 42.1 + 6.2 
Weight (Ib) 175.3 Æ 22.7 
Percent body fat 22.8 ck 4.7 


Blood pressure (mm Hg) 
Serum values (mg/100 ml) 


127/81 +: 13.9 


Cholesterol 206 23 
Triglycerides 120 +39 
Phospholipids 242 +38 
Total lipids 677 +83 


Glucose tolerance test 
(plasma glucose, mg/100 mi) 


Fasting 103 +: 12 
60 minutes 139 ë +32 
90 minutes 109 25 
120 minutes 102 +19 





Two patients had renal lithiasis demonstrated on.. 


abdominal roentgenograms during their evaluation. ‘ 
In the immediate period after treadmill exercise, 1 _ 
patient had ventricular tachycardia, with 4 consecu- 


tive ventricular complexes occurring at a heart rate 


of 198/min. 

The mean age for the group was 42.1 + 6.2 years a 
(range 31 to 52). The mean value for body fat was 
22.8 percent. The group means for serum lipids were 


within normal limits. Eleven patients had individual 


lipid abnormalities. Two patients had a serum cho: © 
lesterol level above 250 mg/100 ml, 6 a serum tri- 
glyceride level above 150 mg/100 ml, and 2 a serum 
phospholipid level above 300 mg/100 ml. One of the 
patients with an elevated serum triglyceride level 
and 1 other patient had a total serum lipid value > 


above 800 mg/100 ml. The group mean values during _ 


glucose tolerance testing were normal (Table I) with 
3 subjects demonstrating fasting plasma glucose lev- 
els greater than 120 mg/100 ml. Each of the latter 
patients had a 2 hour glucose tolerance test plasma > 
glucose value of less than 140 mg/100 ml. No patient 
had cardiomegaly or evidence of specific chamber 
enlargement on chest roentgenogram. 
Electrocardiographic findings: The mean in- 
terval between first discovery of right bundle branch 
block and evaluation was 2.2 years; the longest inter- 
val was 7 years. An average of 5 electrocardiograms 
(range 1 to 15) were on file in the U.S. Air Force 
Central Electrocardiographic Library for each pa- 
tient before the initial demonstration of right bundle 
branch block. Three patients had intermittent, rate- 
related right bundle branch block. The mean frontal 
plane QRS axis on the electrocardiogram (excluding 


the terminal conduction delay) was 330° (—30°) or 


less in 5 patients, aged 35, 37, 45, 46 and 52 years, a 
respectively. None of these 5 patients with left axis: ° 
deviation had coronary arterial abnormalities on. 
cineangiograms. The 5 patients with left axis devia- _ 
tion had normal systolic time intervals, calculated ~ 
by the method of Weissler et al.,18 and were not dif- 
ferent from the other patients with right bundle 
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“TABLE Hl 








Exercise Performance Data 
Mean + 1 SD Range 
Treadmill time (min) 17.3 3.1 12.0-26.0 
Maximal heart rate (beats/min) 182 + 13 146-210 
t Maximal oxygen consumption 
(ml/kg per min) G6 patients) 37.34 7.0 23.9-53.7 
Maximal systolic blood pressure 
“(mm He) 211.5 + 22.2 176-286 
Maximal diastolic blood pressure 
(mmHg) $4.0 + 13.3 50-110 





branch block who had a normal axis.* In 1 of the 5 
patients with left axis deviation, the first derivative 
of left ventricular pressure was 1,171 mm Hg/ 
sec at rest and 1,506 mm Hg/sec during exercise, 
both values being slightly lower than 1 standard de- 
< viation from the mean value (see Table IV). Other 
hemodynamic measurements did not significantly 
< -differ from group mean values. 

Treadmill testing revealed a group mean maximal 
oxygen consumption of 37.3 cc/kg per min (Table 
II). No abnormalities of the S-T segment were noted 
in the X axis electrocardiographic lead on treadmill 
testing. 

Hemodynamic Features 
Left ventriculography was performed in all 37 
cases. Left ventricular contractility was considered 
` normal if (1) all segments of the wall moved syn- 
- chronously and shortening occurred in both the long 
and transverse axes; (2) the stroke volume exceeded 
50 percent of the diastolic volume as judged visually; 
and (3) the ventricle ejected all grossly visible con- 
= trast medium within 3 beats of the end of the injec- 
tion of the contrast agent. By these standards, 32 left 
ventriculograms were completely normal, and 5 ven- 
triculograms showed reduction of the ejection frac- 
tion. In no case was ventricular asynchrony present. 

Selective coronary angiography was performed 
~ successfully in every case (Table II). Coronary arte- 
rial lesions were graded as follows: 0 = no lesions 
visible; 1+ = irregularity of the wall without ob- 


* Details of these measurements are in preparation for a 


“c-geparate report. 


TABLE Ill 
Coronary Angiographic Findings 





Coronary Vessel (no. of Patients) 








Severity* RCA L Main LAD LCA 
0 33 36 34 37 
1+ 2 1 3 0 
2+ 1 0 0 0 
3+ 1 0 0 0 
44- 0 0 0 0 





* See Results for explanation of grading. 

L Main = left main coronary artery; LAD = left anterior de- 
scending coronary artery; LCA = left circumflex coronary artery; 
RCA = right coronary artery. 


struction; 2+ = less than 75 percent obstruction; 3+ 
= greater than 75 percent obstruction without occlu- 
sion; 4+ = occlusion. Four patients had 1+ lesions, 
in 1 patient involving 2 vessels. These patients were 
37, 39, 43 and 51 years old and had known right 
bundle branch block for %, 1, 1% and 4% years, re- 
spectively. In 2 of these, the right bundle branch 
block was intermittent. The 51 year old patient re- 
ferred to had a 2+ lesion in the mid-right coronary 
artery and two 1+ lesions in the proximal and mid- 
left anterior descending coronary artery. One pa- 
tient, a 31 year old obese smoker, had a 3+ proximal 
and two 2+ distal right coronary arterial lesions. 


Hemodynamic values (Table IV) were obtained at 
rest and with an average recumbent exercise load of 
250 kpm/min or 41 watts. The mean total body oxy- 
gen consumption index at rest was 127.3 + 15.6 
cc/m? per min. Thirteen of the 37 patients had a 
resting cardiac index below our lower limit of 2.70 
liters/m? per min, the lowest recorded value being 
1.98 liters/m? per min in a patient who also had a 
low resting oxygen consumption index. These 13 pa- 
tients with a low resting cardiac index had an exer- 
cise factor consistently greater than 600 cc increase 
in cardiac output per 100 cc increase in oxygen con- 
sumption, and all had normal values for the first 
derivative of left ventricular pressure. The mean ex- 
ercise factor for the total group was 756 + 197 cc in- 
crease in cardiac output per 100 cc increase in oxy- 
gen consumption. Only 6 patients had a value below 
our lower limit of normal of 600 cc increase in car- 
diac output per 100 cc increase in oxygen consump- 
tion, and in 4 of these the values ranged between 540 
and 600 cc. One patient aged 46 years and another 
aged 37 years had marked lowering of the exercise 
factor to 367 and 343 cc increase in cardiac output 
per 100 cc increase in oxygen consumption, respec- 
tively. 

In 33 of 35 patients in whom it was measured, left 
ventricular end-diastolic pressure was greater than 
12.0 mm Hg at rest or with exercise, or both (Table 
IV, Fig. 1). In the 29 patients in whom it was mea- 
sured, 28 had a right ventricular end-diastolic pres- 
sure greater than 6.0 mm Hg at rest or on exercise, 
or both (Table IV, Fig. 2). In 2 patients with inter- 
mittent right bundle branch block studied during 
both normal conduction and right bundle branch 
block conduction, there was no difference in the end- 
diastolic pressure levels measured during the two 
types of conduction. Right atrial mean pressure was 
6.8 mm Hg at rest and 8.3 mm Hg with exercise. The 
first derivative of left ventricular pressure showed a 
mean value at rest of 1,646 + 428 mm Hg/sec (Table 
IV). Three of the measured values were below 1,200 
mm Hg/sec—1,087, 1,152 and 1,171 mm Hg/sec, re- 
spectively. All patients but 1 showed a rise in the 
first derivative of left ventricular pressure with exer- 
cise, and that patient had an extremely high resting 
value. Mean systolic ejection rate index was low in 
those patients with a low resting level of cardiac out- 
put and rose with exercise except in 2 patients who 


TABLE IV 
Hemodynamic Data 
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Rest Exercise 





no. of Patients 


Mean - + 1 SD no, of Patients Mean n 1 5p 


Total body VO, index (cc/m? per min) 32 
Cardiac index (liters/m? per min) 35 
“RA mean pressure (mm Hg) 28 
CRV systolic pressure (mm Hg) 29 
RV diastolic pressure (mm Hg) 29 
RVEDP (mm Hg) 29 

(S RV-dP/dt (mm Hg/sec) 23 
LV systolic pressure (mm Hg) 35 
LV diastolic pressure (mm Hg) 35 
LVEDP (mm Hg) 35 
LV dP/dt (mm Hg/sec).. 33 
MSERI (cc/systolic sec) 30 


Exercise factor 
cc increase in cardiac output 
100 ce increase in VO: 








127.3 + 15.6 31 497.4 4: 220.9 
2.95 +: 0.64 34 5.27 1.36 
6.8 + 2.0 13 8&3 + 3.0 
25.1 +: 46 18 35.3 + 8.2 
3.7 + 2.1 18 45 cs 3.7 
9.6 + 2.2 18 13.2 4 3:5 

277 ts 122 i 350 «+: 130 

17 +B 32 1500 + 26 
5.4 + 3,1 32 54 + 3.8 
16.3 + . 3.8 32 27 + 6.0 

1646 + 428 28 2784 = 1108 

134 Æ 26 28 1765 + 38 

34 756 Æ 197 


Memini ia i 


LV = left: ventricular; LVEDP = 


> 
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Figure 1.. Right ventricular end-diastolic pressure in 28 patients 
at rest and with exercise, 


had an inordinately high resting value. The first der- 
ivative of right ventricular pressure at rest showed 
considerable variability with a mean of 277 + 122 
mm Hg/sec and generally rose with exercise to a 


= mean value of 350 + 130 mm Hg/sec. 


“The coronary sinus was successfully catheterized 
in 32 patients. Two patients had myocardial lactate 
“production at rest, but the arterial lactate level was 
“below 0.5 mm/level. In no case did the coronary 
‘sinus lactate level during exercise exceed the arterial 
‘Tevel. 

Discussion 

The. coronary angiographic findings of normal 


large epicardial coronary arteries in 32 of the 37 pa- 


_ tients, and only minor narrowing in 4 of the remain- 


: left ventricular.end-diastolic pressure; MSERI = 
RV= right ventricular; RVEDP == = right ventricular end-diastolic pressure; VO, = 


mean systolic ejection rate index; RA = rightatrial; 
oxygen consumption. 
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Figure 2. -Left ventricular end-diastolic pressure in 35 patients at 


rest.and with exercise. 


ing 5 patients with unexplained acquired right bun- 
dle branch block, are consonant with the increasing 
recognition of important atrioventricular (A-V) con-. | 
duction abnormalities (ranging from block of either un 
bundle branch to complete A-V block) unrelated to 
obstruction of the large coronary arteries,19-22 a 
The almost consistant observation of increased left 
and right ventricular end-diastolic pressure at rest or 
on exercise, or both, without significant decrement 
in other indexes of ventricular performance provides __ 
useful information in formulating a concept of the 
origin of the block and the prognosis for this group of 
patients. : 
The. electrocardiographic, angiographic and hemo- 
dynamic data indicate the presence of a mild diffuse 
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abnormality of the ventricular myocardium, includ- 
ing some portion of the right bundle branch. It is 
likely that the cardiac lesion responsible for these 
abnormalities is similar to that described by Lene- 
grel? and Davies and Harris?° for patients with bila- 
terial bundle branch block—that is, unexplained 
“mild myocardial fibrosis with a peculiar predomi- 
nant involvement of the His bundle and bundle 
branches. If this speculation is correct, then the out- 
look for these patients may well be one of gradual 
development of cardiomegaly or involvement of the 
His bundle or left bundle branch leading to complete 
A-V block, or both. The tempo of these predicted 
events is uncertain, but there are two clues that 
suggest a good prognosis for years, possibly 10 to 30: 
first, a follow-up study of an identical group of pa- 
tients demonstrated no clinical deterioration over a 
‘mean period of 54 months from the time of detection 
of the right bundle branch block (the longest period 
was 19 years)®; and, second, the mean age at death 
in the series reported by Davies and Harris?° was 69 
: years (range 36 to 82). 


The patients likely to be at highest risk of having 
complete A-V block are those 5 with right bundle 
branch block and left axis deviation.22-25 (We prefer 
the less specific term “left axis deviation” to the 
more popular “left anterior hemiblock” because the 
anatomic and pathologic basis of the “hemiblock” 
concept is open to serious question).?@28 This elec- 
trocardiographic pattern of left axis deviation and 
right bundle branch block is often due either to focal 
disease of the His bundle and proximal right and left 
bundle branches, or to more widespread disease af- 
fecting the conduction system more peripherally.2°-?9 

A prospective study of patients such as these in- 
cluding frequent electrocardiograms, careful ques- 
tioning for presyncopal symptoms, syncopal episodes 
or transient abnormalities of heartbeat will be valu- 
able in determining the natural course of the process, 
and to provide some guidelines for the appropriate 
use of pacemakers and other therapeutic measures. 
Thirty-four of these 37 patients have been returned 
to unlimited flying duties in the U. S. Air Force and 
will be followed up annually. 


References 


1. Fisch C, Genovese P, Dyke R, et al: The electrocardio- 
gram in persons over 70, Geriatrics 12:616-620, 1957 

2. Kannel W, Dawber T, et al: Epidemiology of coronary 
heart disease. Geriatrics 17:675-690, 1962 S 

3. Hiss RG, Lamb LE: Electrocardiographic findings in 
122,043 individuals. Circulation 25:947-961, 1962 — 

4. Ostrander LD Jr: Bundie branch block: an epidemiologic 
study. Circulation 30:872-881, 1964 L 

5. Edmands RE: An epidemiological assessment of bundle 
branch block. Circulation 34:1081~1087, 1966 _ 

6: Goldberger E: Unipolar Lead Electrocardiography and 
Vectorcardiography. Philadelphia, Lea & Febiger, 1952, p 
259 

7. Shreenivas, Messer AL, Johnson RP, et al: Prognosis in 
bundle branch block. 1. Factors influencing the survival pe- 
riod in right bundie branch block. Amer Heart J 40:891- 
902, 1950 

8. Massing GK, Lancaster MC: Clinical significance cf ac- 
quired complete right bundle branch: block in 59 patients 
without overt cardiac disease. Aerospace: Med. 40:967~971, 
1969 aches 

9. Massing GK, Schechter E, Lancaster MC:- A clinica! and 

hemodynamic study of twenty-nine patients with acquired 

complete right bundle branch ‘block without overt cardiac 

disease (abstr). Amer J Cardiol 25:114, 1970 

Glucose, Technicon Method N-2B, Technicon Manual. Tar- 

rytown, New Yark, Technicon Corporation, 1969 

Wease DF, Malvin HH, Espinosa ES: A Simplified Test 

Tube Method for the Analysis of Total Cholesterol and Gly- 

cerides in Human Serum. Brooks Air Force Base, Texas, 

USAF School of Aerospace. Medicine, 1966 

Cholesterol, Technicon Method N-24A, Technicon Manual, 

Tarrytown, New York, Technicon Corporation, 1969 

Triglyceride, Technican Method -N-78. Technicon Manual. 

Tarrytown, New York, Technicon Corporation, 1969 

Wease DF: A completely automated procedure for the 

determination of. serum lipid phosphorus using a single sta- 

ble color reagent. Brooks Air Force Base, Texas, USAF 

School of Aerospace Medicine, 1970 

Cheek CS, Wease DF: A summation technic for serum 


10. 


11. 


12. 


13. 


14. 


15. 


20. 


total lipids—comparison of methods. Clin Chem 15:102- 
107, 1969 

Prentice TC, Siri W, Berlin NI, et al: Studies of total body 
water with tritium. J Clin Invest 31:412-418, 1952 

Bergmeyer HU: Methods of Enzymatic Analysis. New York 
and London, Academic Press, 1963, p:266 

Weissler AM, Harris WS, Schoenfeld CD: Systolic time in- 
tervals in heart failure in man. Circulation 37:149-159, 1968 
Lenegre J: Etiology and pathology of bilateral bundle 
branch block in relation to complete heart block. Progr 
Cardiovasc Dis 6:409-444, 1964 

Davies M, Harris A: Pathological basis of primary heart 
block. Brit Heart J 31:219~226, 1969 

Begg FR, Cushing WJ, Fisher DC: Selective cine coronary 
arteriography in. patients with complete heart block. J Tho- 
rac Cardiovasc Surg 57:9-16; 1969 

Beach TB, Gracey JG, Peter RH, et al: Benign left bundle 
branch block. Ann Intern Med 70:269~-276, 1969 

Lasser RP, Haft Ji, Friedberg CK: Relationship of right 
bundle branch block and marked left axis deviation (with 
parietal or peri-infarction block) to complete heart block 
and syncope. Circulation 37:429-437, 1968 

Watt TB Jr, Pruitt RD: Character, cause and consequence 
of combined left axis deviation and right bundle branch 
block in human electrocardiograms. Amer Heart J 77:460- 
465, 1969 

Rosenbaum MB: The hemiblocks: diagnostic criteria and 
clinical significance. Mod Cone Cardiovasc Dis 39:141~146, 
1970 

Entman M, Hackel D, Estes EH: The pathologic basis of 
the electrocardiographic pattern of parietal block. Amer 
Heart J 74:202-207, 1967 

Massing GK, James TN: Anatomical configuration of the 
His bundle and proximal bundle branches in the human 
heart (abstr). Circulation 44:suppl 2:64, 1971 

Pruitt RD, Watt TB Jr: On block of something less than a 
bundie branch, or of something more. Circulation 43:775- 
777, 1971 

Unger PN, Lesser ME, Kugel VH, et al: The concept of 
“masquerading” bundle branch block. An electrocardio- 
graphic-pathologic correlation. Circulation 17:397-409, 1958 


16. 
17. 
18. 


19, 


21. 


22, 


23. 


24, 


25. 


26. 


a7. 


28. 


29. 


. Work Capacity and Physiologic Responses to Work 


Men Born in 1913 


GUNNAR GRIMBY, MD 
JAN BJURE, MD 
MATTIAS AURELL, MD 


-C BARBRO EKSTROM-JODAL, MD 


< GÖSTA TIBBLIN, MD 
LARS WILHELMSEN, MD 


a Goteborg, Sweden 


“From the Department of Clinical Physiology | 
«cand Unit of. Preventive Cardiology, Medical 


x Department, University of Göteborg, Sweden. 


o. This study was supported by a grant from the 
insurance company Foérenade Liv. Manu- 
script received June 3; 1971; revised manu- 


-script received October 12, 1971, accepted 


_ November 24, 1971. 
Address for reprints: Gunnar Grimby, MD, 


= Department of Clinical Physiology, Sahigren’s 








`- Hospital, S-413 45 Göteborg, Sweden. 





A representative sample (no. = 793) of the total population of men: _ 
born in 1913 in Goteborg, Sweden, was studied in 1967 with step- 
wise-increased work loads on a bicycle ergometer. The test aimed to 
obtain physical exhaustion in as many as possible. Exercise at a maxi- 
mal load was performed by 84 percent; 77 percent stopped because 
of general fatigue. Their maximal heart rate was 172 + 12 beats/ _ 
min, systolic blood pressure 212 + 25 mm Hg, respiratory rate 35 + 
8 breaths/min. The maximal oxygen uptake was predicted to 2. 3 Pe 
liters /min (30.4 ml/kg per min). Only 12 patients stopped because of | 
chest pain. Four different physicians supervised the tests; no dit- 
ferences among observers were noted. 







Exercise tests with recording of ihe plecitecardiogran: have been used 
to diagnose myocardial ischemia clinically. They have also been ad- 
vocated as an indicator of increased risk of development of clinical 


coronary heart disease. In some studies of selected populations the — : 


exercise electrocardiogram has been. of prognostic value.1:? In addi- 
tion to the accepted risk factors for coronary heart disease (high serum 
cholesterol and triglyceride levels, increased blood pressure at rest, 
light physical activity and smoking), impaired circulatory adaptation: 
to exercise may indicate increased risk of developing ischemic heart 
disease. a 
A prospective study of ischemic heart disease and other pathologic 
conditions was started in 1963 in a randomly selected population. 
sample comprising 973 men of the same age. The present paper con- 


cerns the results of a maximal exercise test performed by the same __ 


population in 1967. The purpose was (1) to increase the basic data for 


the prospective study; (2) to study cross-sectionally the physical per- 
formance of the population, the occurrence of anginal pain and elec- 


trocardiographic abnormalities at standardized work loads and com-. 
pare these data to other relevant data in the population; and (3) to 
collect randomly selected control material for comparing groups with 
different diseases (for example, patients with myocardial infarction). ~~ 

No investigation of this type involving a maximal exercise test has 
hitherto been reported. In the present report, the feasibility of con- 


ducting such tests including the various reasons for the interruption a 


of the test in this middle-aged male population is stressed. 


Methods 
Subjects 


The subjects studied were a subsample of a population of randomly selected 
54 year old men in Göteborg, Sweden. The first studies--not including exer- 
cise tests—of this population were made in 1963.? At that time 855 men were 


studied. During the present investigation 803 men. were seen. The nonre-  - 


spondent group consisted of 52 subjects, of whom 25 refused examination, 
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Figure 1. General procedure for the exercise test. Minute in- 


tervals are marked on the horizontal line. BP = systolic blood 
pressure, f = respiratory frequency and R = perceived (rated) 
exertion. 


18 were dead and 9 could not be traced. The exercise test 
was performed by 793 men. Ten subjects did not partici- 
pate, 8 because of severe locomotor disturbances and 2 be- 
cause of previous myocardial infarction. 

The mean body weight of these 793 men was 76.7 (+11.0 
SD) kg; mean waist circumference was 87.0 (+9.4 SD) cm. 
The corresponding figures for the 619 men who performed 
maximal exercise and stopped because of general fatigue 
were 76.2 (+10.6 SD) kg and 86.9 (+9.2 SD) cm. 

The investigation was conducted during most of the year, 
with the exception of July and August. Eight to 10 subjects 
were usually studied each day. 


Procedures 


All studies were performed between 4 and 7 PM with the 
last meal taken not later than 11 AM. Before the exercise 
test, a thorough clinical examination was carried out. After 
at least 15 minutes of rest an electrocardiogram with bipolar 
and unipolar limb leads and 5 chest (CR) leads was recorded 
with patients in the supine position. Blood pressure was 
measured with the cuff on the right arm. The procedure of 
the exercise test was explained to the subjects in detail. 

The principal details in the experimental procedure are 
shown in Figure 1. All exercise tests were supervised by a 
physician and the subjects were allotted to the different 
examiners nonsystematically. No complications were noted 
in combination with the exercise tests. 

The electrocardiogram and heart rate were recorded 
after 2 minutes with the subjects in the standing position. 
Exercise was then performed while the subjects were seat- 
ed on an electrically braked bicycle ergometer (Elema, 
Stockholm) with a pedaling frequency of 60/min, using 
stepwise increases in work load. The calibration of the 
bicycles and the speed of the electrocardiogram were 
checked repeatedly. The heart rate was calculated from 10 
to 25 R-R intervals on the electrocardiogram which, dur- 
ing exercise, consisted of 4 unipolar chest leads with the 
indifferent electrode on the forehead (CH lead). 

Exercise was performed for 6 minutes at each work load 
with electrocardiograms taken every second minute. In 
the analysis only the heart rates after 6 minutes of exer- 
cise at each work load were used. During the fifth minute 
of exercise at each work load, systolic blood pressure, re- 
spiratory rate and the subjectively perceived exertion ac- 
cording to Borg*:® was determined. The scale was: 7, very, 
very light; 9, very light; 11, fairly light; 13, somewhat 
hard; 15, hard; 17, very hard; 19, very, very hard. 


After 6 minutes at 300 kpm/min (49 watts) and 6 min- 
utes at 600 kpm/min (98 watts) the test was interrupted 
in all subjects. After 4 minutes of rest in the supine posi- 
tion the electrocardiogram was recorded. It was then de- 
cided, according to predetermined criteria (Table I), 
whether the subject should continue to the level of maxi- 
mal exercise. 

The subject exercised at an additional submaximal 
load, 900 kpm/min (147 watts), if the heart rate was lower 
than 120 beats/min at 600 kpm/min. If during the pre- 
vious work load of 600 kpm/min the heart rate was higher 
than 120 beats/min, this work: load was again used for 2 
minutes before the maximal work load was performed. 


TABLE | 


Criteria for Interruption, Limitation or 
Nonperformance of Exercise Testing 





|. No performance of exercise testing 
1. Symptoms or electrocardiographic signs of acute myo- 
cardial process (infarction, myocarditis). Functional 
classification grade IV (New York Heart Association 
criteria) 
2. Other clinical findings, such as locomotor disturbances 
Il. Limitation of testing to submaximal levels on the basis of 
symptoms or signs on physical examination or in the 
electrocardiogram before exercise testing 
1. Signs of a previous myocardial infarction 
2. History of myocarditis during the last 5 years and remain- 
ing electrocardiographic change 
.3. Hypertension under treatment, or blood pressure 2230 
mm Hg at the previous examination 
4. Acquired or congenital heart disease 
5. Atrial fibrillation or flutter 
6. Other significant arrhythmias, such as grade II or II 
atrioventricular block 
Il. Interruption of testing at submaximal levels on the basis of 
signs or symptoms during exercise 
1. Chest pain with or without electrocardiographic changes 
2. Successively increasing ST-T changes in a subject with a 
typical history of angina pectoris, but without pain at 
the actual work test. Horizontal or downward sloping 
S-T depression of more than 0.2.mv (without digitalis) 
or localized negativity of the T wave of more than 0.65 
mv during light or moderate exercise is judged indi- 
vidually, but always excludes maximal exercise 
3. Supraventricular dysrhythmia such as varying impulse 
focus, high and increasing frequency of extrasystoles, 
increasing atrioventricular conduction time during 
exercise 
4. Ventricular extrasystoles, frequent or multifocal, or both, 
during exercise especially if the frequency is increasing 
and they occur in pairs or in long series 
5. Successive increases in QRS duration 
6. Systolic blood pressure >300 mm Hg (if II: 3 is not already 
valid) 
7. Increasing airway obstruction during exercise or other 
signs of respiratory limitation to exercise 
8. Other reasons, judged from the principle: better to stop 
the exercise test than to take risks. The test may in 
some instances be continued after an interval of rest 
and without further symptoms or signs 
IV. Interruption of maximal exercise testing 
1. General fatigue (including dyspnea) 
2. Pain in muscles or joints 





The latter level was chosen on the basis of submaximal 

work load data, with the aim of achieving a working time 

of 4 to 6 minutes. If the subject had not reached his limit 

of exhaustion, the work load was increased by an addi- 

tional 50 to 100 kpm/min toward the end of the maximal 
-test in order to establish the maximal heart rate. 

During the maximal test, blood pressure was measured 
after 2 minutes of exercise. The respiratory rate and per- 
ceived exertion were recorded repeatedly to establish the 
peak values. Heart rate was initially measured every min- 
ute, toward the end of the test it was usually measured 
every 30 seconds. 

The work loads corresponding to a heart rate of 130 

beats/min (W130) and 150 (W150), respectively, were cal- 

~ culated by interpolation, The maximal oxygen uptake was 
predicted according to the formula of Grimby et al.6 The 
criteria for nonperformance or interruption of the exercise 
test are given in Table I. 


Results 


Reasons for interrupting or not performing ex- 
ercise tests: Table II presents the various reasons 
for discontinuance or nonperformance of testing. Of 
the 793 subjects, 618 (77 percent) stopped because of 
general fatigue. Twelve (2 percent) had chest. pain, 
4 of them only when they performed at the maximal 
level. It should be noted that the electrocardiograph- 
ic abnormalities listed in Table II (section III, 2-5) 
include only those abnormalities that directly led to 
interruption of the exercise test, as noted by the ob- 
“server, 
In 8 subjects, signs or symptoms of respiratory limi- 
tation to exercise appeared at a submaximal work 
load level. Subjects with dyspnea at the maximal 
work load were included in the group with general 
fatigue, since it was impossible in this type of inves- 
tigation to make further analysis of dyspnea during 
¿strenuous exercise. Two subjects with previous myo- 
_ cardial infarction did not exercise because of their 
clinical state at the examination: 1 of them had 
chest pain during recording of the electrocardiogram 
at rest. The subjects with treated. hypertension or 
blood pressure at rest of greater than 230 mm Hg 
who were excluded from maximal exercise form a rel- 
atively large group among those performing only 
submaximal exercise. 
Locomotor disturbances rendered exercise impossi- 
ble in 8 subjects and caused interruption at a sub- 
maximal work load in 20 subjects. In 43 subjects 
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TABLE II 


Reasons for Interruption of Exercise Testing, According ta 
Criteria in Table | (number of subjects)* 





Number of Subjects 


Only Sub- Maximal 








No maximal Work => 
Exercise Exercise Loads 
|. 1. Acute myocardial damage 
2. Locomotor disturbances 8 ee 
Il. 1. Previous ‘myocardial infarction 2 13 Sis 
2. Previous. myocarditis T 1 sis 
3. Hypertension . ypa 46 
4. Mitral valve disease ahs 1 
5. Atrial fibsillation-at rest ish 5 
6. Other supraventricular 
arrhythmia at rest (frequent 
extrasystoles) se 1 ae 
lil. 1. Chest: pain TP 8 4 
2-5. Electrocardiographic response 
during test ity 17 5 
6. Blood pressure >300 mm Hg ve ee eae 
7. Signs or symptoms. of 
respiratory limitation to 
exercise ee 8 
8. Pains in muscles or joints 
or other locomotor 
disturbances woh 20 
Various noncardiovascular 
reasons care 5 
IV. 1. General fatigue including 
dyspnea during maximal 
exercise save aren 619 
2. Pain in muscles or joints gis ioe 43 
V. Lack of cooperation 5 6 ae 
Total 15 131 671 








* In 28 subjects more than 1 reason is given. 


pain in muscles or joints was noted at maximal work — 
load. In 35 of these subjects the test was inter- 
rupted before they felt general fatigue; the remaining. 
8 felt both pain and general fatigue. Six subjects dis- 


continued exercise because of obvious lack of cooper- = 


ation, and 5 subjects who had appeared for the in- 
vestigation refused to exercise. K 

Heart rate, respiratory rate, systolic blood pres- a 
sure and perceived exertion: Table IH shows the 
mean values and standard deviations for these in- 








TABLE IH 
Results of Exercise Tests in All Subjects (mean and standard deviation) 
Systolic Blood 
Heart Rate Respiratory Rate Pressure 
no. (beats/min) (breaths/min) (mm Hg) Perceived Exertion 
Rest, supine 793 67.3 + 12.5 144 + 20 
Rest, standing 787 77.14 13.9 ore ies TETE 
300 kpm/min 766 98.6 + 14.6 19.1 + 4.1 166 + 23 9.32 1.8 
600 kpm/min 753 126.5 + 17.4 22.2 +: 5.4 188 -+ 26 12.9 1.6 
900 kpm/min 256 138.8 + 15.2 24.8 + 5.1 203 + 26 7b 16 
Maximal work load 663 171.5. 13.0 34.7 + 7.8 212 + 25 V7 + 1.5 
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TABLE IV 


: “Results of Exercise Tests in Subjects Who Stopped Because of General Fatigue (no. = 618) (mean and standard deviations) 
(mean body weight 76.2 + 10.6 kg) 
=e nnennrntnenenennnneattn 
Rest, Supine 
a ie ie aimee enna nes 





Heart rate 


(beats/min) 66.2 + 11.5 
Respiratory rate 
(breaths/min) 
> Systolic blood 
pressure (mm Hg) 


142 +17 
Perceived exertion ante 








W130 (kprh/min) 
W150 (kpm/min) 








< Predicted maximal oxygen 


uptake 


(liters/min) 
(ml/kg per min) 


300 kpm/min 600 kpm/min Maximal Work Load 
97.4 +: 13.5 125.9 = 16.8 172.2 + 12.4 
18.8 3.9 21.9 + 5.2 34.9: 7.8 
164 <b 21 186. Æ 25 212 +25 
9.7 17 12.9 + 1.6 V. 8 1.5 
656 +177 
852 — -+ 194 
2.32 0.30 
30.4 + 3.6 


‘dexes. The standard deviations: in percentage of the 
mean values (variation coefficient) are of a similar 
- magnitude for the perceived exertion as for the heart 
- rate. The results at 900 kpm/min are not representa- 
tive for the total population because of the special 
reason for choosing subjects for that work load. 

Twelve subjects started the exercise test, but did 
not complete the lowest level of work load, 300 
_ kpm/min. These subjects should be added to the 15 
: men who never began exercise and already are ac- 
_ counted for in Table II, to make up the difference in 
_ number of studied men between rest supine and 300 
| kpm/min. Thus, 97 percent of. all men performed at 
300 kpm/min, 95 percent at 600 kpm/min and 84 
-percent performed the maximal work load. 
~The results for the subjects who stopped exercise 
because of general fatigue are presented in Table IV. 


TABLE V 
Results in Subjects Examined by Different Physicians — 


‘The heart rate at 600 kpm/min was 126/min and at 
maximal exercise 172/min. In the subjects who inter- 
rupted exercise because of pain in muscles or joints, 
the corresponding values were 126 and 163/min, 
which may indicate that these men did not perform. 
maximal exercise from a central circulatory stand 
point. Their average perceived exertion at the maxi- 

omal load was 17.1, compared to 17.8 in the group 
with general fatigue. 

Eight subjects, who stopped exercise because of 
chest pain, had at 600 kpm/min an average heart 
rate of 122/min (+£21SD), respiratory rate 25 (+5SD), 
systolic blood pressure 211 (+31SD) and perceived 
exertion 14 (+1.4SD). Thus, their blood pressure 
and perceived exertion were slightly greater in rela- 
tion to the heart rate compared to the group with 
general fatigue. In group Hin Table II, which is 





Heart Rate- 



































Respiratory Rate Systolic Blood f 
Observer Number (beats/min) (breaths/min) Pressure (mi Hg) Perceived Exertion 

Rest, Supine 
1 164 66,9 + 11.8 Wi R 
2 230 68.1 12.0 T45 -+ 22 
3 204 66.4 + 11.8 143 + 20 
4 175 67.3 + 13.8 146 + 18 

600 kpm/min 
1 155 124. 1+ 16. 7 21.42% 4.7 185 +: 23 12.8 1.8 
2 216 128.9 +. 16.8 22.9 + 5.4 189 + 27 13.1 1.6 
3 199 126.2 + 16.4 22.0-4: 5.1 185 25 12.9 1.6 
4 168 126.5 + 19.5 22.34 6.4 193: 28 13.0 + 1.5 

Maximal Work Load 

1 134 173.7 + 12.1 36.5 7. 2 207 Æ 22 18.1 £ 1.8 
2 177 170-9 + 13.3 34.0 + 7.5 210- 24 17.7 a: 1.4 
3 183 170-8 + 13.2 33.5 + 8.0 213 + 26 17.5+ 1.6 
4 156 171.2 + 12.0 35.6 -= 8.0 217 + 25 17.8+ 1.4 


aanne aaa e an aaa 


AO ae Ao A a eA 


ee 


dominated by the hypertensive patients, the average 
heart rate was 132/min (+5SD) at 600 kpm/min. 

Comparison of the results obtained with the 4 ob- 
servers at rest, at 600 kpm/min and at the maximal 
work load shows close agreement for all recordings 
(Table V). 

Correlation of blood pressure, heart rate and 
work loads: Regression analyses were performed 
between systolic blood pressure and the heart rate at 
submaximal and maximal exercise levels. A signifi- 
cant correlation was found at 300 and 600 kpm/min 
(r = 0.36, t = 11.4 and 11.3, respectively), but not at 
maximal exercise. The perceived exertion showed 
also a slight correlation with heart rate at 600 kpm/ 
min (r = 0.19, t = 5.7), but not during maximal ex- 
ercise. These observations further demonstrate the 
principal difference between the submaximal and 
maximal work loads. The regression coefficient be- 
tween heart rate during maximal exercise and at 
rest was 0.19 (t = 5.7). Heart rate at a submaximal 
work load, 600 kpm/min, was correlated with body 
weight (r = 0.29, t = 9.0). 


Discussion 


A representative sample of middle-aged men born 
in 1913 and living in Göteborg, Sweden, was initially 
studied in 1963. A detailed description of the group 
and the results of this study are given in an earlier 
report.? In 1967 this group was reexamined. New to 
this second study was the performance of an exercise 
test, when possible including maximal exercise. No 
previous experience was available on the feasibility 
of conducting an exercise test including maximal 
work in a large population. The protocol for the in- 
vestigation and the rules for interruption or nonper- 
formance of the work thus had to be formulated on 
the basis of general clinical experience. The choice of 
the criteria in Table II was of course designed to 
keep the risk of the test as small as possible. 

A rather low initial work load (300 kpm/min) was 
chosen in order to include as many subjects as possi- 
ble in the exercise test. Ninety-seven percent of all 
subjects investigated at -rest did perform at this 
level. Of those who could manage this work load, 
only 13 were unable to continue exercise at the next 
level, 600 kpm/min; that is, 95 percent of all 
subjects managed a work load of 600 kpm/min. With 
the aim of obtaining a complete electrocardiographic 
recording in most subjects after performance of the 
same work load level, the exercise test was then in- 
terrupted in all subjects. This was also done to en- 
sure that the appropriate decision was made on per- 
formance or nonperformance at the maximal work 
load and to give the subjects some rest, thus decreas- 
ing the possibility that nonspecific peripheral factors 
such as fatigue or pain in the muscles would limit 
the exercise tolerance. In the present study, 84 per- 
cent of all subjects performed at the maximal work 
load; 77 percent stopped exercise because of general 
fatigue and can be considered to have performed 
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maximal exercise in the real sense. The results from 
this group can thus be considered normal values in- 
urban Swedish men aged 54. 

The subjects who stopped exercise because of pain 
in muscles or joints did not demonstrate any differ- 
ence at submaximal exercise levels, but had lower 
heart rates and perceived exertion at the maximal 
work load. There is reason to assume that ‘real’ : 
maximal. values from a circulatory point of view were | 
not obtained in these subjects. The same applies to 
the few subjects who stopped because of chest pain. 

Another finding of practical importance is the lack 


of interobserver variation. The same values for heart. 


rate and perceived exertion were recorded during. 
maximal exercise testing by the 4 observers, thus in- © 


dicating that this part of the test was performed in à- 


homogenous manner. 

Comparison with other studies: The results.” 
from the subsample of 53 men whose oxygen uptake © 
was determined® and the total group who performed = 
maximal exercise show identical results. In the 53- 
men, the heart rate was 127 beats/min at 600 kpm/ 
min, and 172 beats/min during maximal exercise: 
The maximal oxygen uptake was determined—or in | 
the present study predicted—to be 2.3 liters/min —— 
(30.4 ml/kg per min). This is equivalent to an aero- - 
bic work load of about 1,000 kpm/min (163 watts). In. 
the previous report the oxygen uptake and heart rate _ 
at submaximal exercise levels were compared with — 
those of subjects of similar age. At 600 kpm/min the | 
values for heart rate are in good agreement with pre- ` 
viously reported values for healthy men.*-° The max- 
imal heart rate in the present group is significantly. 
higher than that reported by some investigators!® 1). 
but in general agreement with the findings of oth- 
ers, 12-15 

There was only a slight correlation between the 
heart rate during maximal exercise and that at rest. ` 
In the study of well trained middle-aged athletes by ` 
Grimby and Saltin,!” a close correlation was found, 
whereas this was not the case in former athletes.16 
We assume, therefore, that this is a special correla- 
tion that occurs in optimally trained subjects. 

The standard deviations for perceived exertion are _ 
of similar magnitude as those for heart rate. In the _ 
report by Borg and Linderholm,}’ at a given rating. 
of perceived exertion the heart rate was lower with 
increasing age. In subjects aged 50 to 59 years the 
perceived exertion was 10.0 at 300 kpm/min and | 


13.0 at 600 kpm/min using correction factors to con- + 


vert the values obtained with the scale consisting of 
21 grades used by Borg and Linderholm to the scale. 


of 20 grades recently suggested by Borg? and used in 


our study. Thus, our results are quite comparable. | 
At the maximal work load the intensity was called — 
very hard or very, very hard since the average per- 
ceived exertion in the general fatigue group was.18. 

Clinical implications. Several factors may cause 
the interindividual variation in the physical working — 
performance. We have not analyzed this problem 
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further in the present report. One factor is the level 
of physical activity at work and during leisure time. 

An analysis of these relations is presented in another 
 paper.18 Besides the habitual activity, constitutional 
and other less known factors evidently are impor- 
‘tant. Our study appears to show that a high percent- 


age of 54 year old men can perform maximal exercise 
without demonstrable evidence of increased proba- 
bility of cardiovascular hazards. This finding is of im- 
portance when considering increased physical activi- 
ty as a possible measure in preventing ischemic heart 
disease. 
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Movement of the posterior wall of the left ventricle was assessed 
using an ultrasound technique in 11 normal subjects at rest and im- 
mediately after maximal erect exercise. Maximal posterior wall _ 
velocity was measured as the maximal slope of the wall movement a 
from the end-diastolic position to the end-systolic position, and pos- 
terior wall excursion was. measured as the maximal amplitude of | 
movement anteriorly. Maximum posterior wall velocity increased trom 
a mean of 37 mm/sec at rest to 96 mm/sec after exercise _ 
(P <0.001), and posterior wall excursion increased from 4.00 mm at 7 
rest to 6.8 mm after exercise (P. <0.001). The effect of heart rate 
alone on posterior wall: movement was evaluated using the technique 
of atrial pacing. Increasing the heart rate in 6 patients resulted in are- 
duction in both posterior wall velocity and excursion. At identical heart 
rates in 5 patients there was a significant increase in both posterior _ 
wall velocity and excursion during exercise compared to atrial pacing. 

It is suggested that changes in posterior wall movement reflect 
alterations in left ventricular function independent of heart rate, and. 
that these changes can be measured by reflected ultrasound. 















A noninvasive technique for the assessment of left ventricular func- 
tion would be particularly useful for monitoring, without repeated _ 
interventions, serial changes in cardiac performance. Since the de- _ 
velopment of ultrasound cardiography (echocardiography) this non- 
invasive technique has been used to assess the degree of mitral valve 
stenosis, 1? detect the presence of pericardial effusion,45 méasure 
the volumes of the cardiac chambers® and diagnose intracardiac. : 
tumors.” In 1968 Bowyer et al.® first applied reflected ultrasound to. | 
the study of left ventricular posterior wall motion. We have utilized — 
this technique to evaluate further posterior wall motion in normal- 
men at rest and after exercise, and have attempted to determine the. _ 
effect of heart rate alone on posterior wall motion using atrial pacing. 


Methods and Materials 


The ultrasound generating and receiving equipment used was the Eskoline — 
20 Diagnostic Ultrasonoscope with a 2.5 megatone crystal and a nominal fre- 
quency of 1,000 cycles/sec. The method used was similar to that describe 
for the mitral valve.23 The echoes from the mitral valve ring and anterior — 
cusp were identified by placing the transducer in the third or fourth inter-_ 
space 1 to 3 cm from the left sternal edge. On the amplitude-modulated A 
mode display, the echoes of the mitral valve ring and cusp produce vertical _ 
displacements on the horizontal scale. By pointing the transducer slightly - : 
laterally and inferiorly, echoes are seen lying posteriorly to those representing — 
the mitral valve; these move anteriorly (toward the transducer) with systole, 
the excursion being less than that of the ring and the echoes being distinct 
from it. 

With high gain settings, echoes from the endocardial-blood and the 
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Figure 1. Polaroid record of posterior wail motion demonstrating 
ṣo the measurements made. Maximal posterior wall velocity (PWV) 
“was measured as the maximal slope of the anterior wall move- 
ment from the end-diastolic position (ED) to the end-systolic 
position (ES) in millimeters per second. Posterior wall excursion 
(PWE) was measured as the maximal amplitude of movement in 
millimeters. Note the increase in both excursion and velocity after 
exercise. ECG-electrocardiogram, UCG-ultrasound cardiogram. 


myocardium-pericardium interfaces were identified. In 
addition to these prominent echoes, which moved together 
in the same pattern, smaller deflections were present due to 
“reflections from adjacent. cardiac structures. The gain was 
then reduced until only the dominant echoes remained; the 
anterior echo was then recorded. With use of the intensity- 
modulated A mode display, the echo movement is. converted 
i into a wave form motion which may be photographed by a 
Polaroid camera. Because of the low excursion of the echo, 
the scale may be expanded to allow the wave form to be 
analyzed and measured accurately. 

Maximal posterior wall velocity was measured as the 
maximal slope of the anterior wall movement from the end- 
diastolic position to the end-systolic position in millimeters 
per second. Posterior wall excursion was measured as the 
maximal amplitude of movement anteriorly in millimeters 
~ (Fig. 1). 

Since small differences in the angle between the probe 
and the chest wall, and thus of the “reflected structure,” 
may alter the recording, we investigated the reproducibility 
of the method in 18 paired observations made either at rest 
or after exercise. After the first measurement the micro- 
phone was removed from the chest for a few minutes and 
then reapplied for a second measurement. Good reproduc- 
ibility was indicated by correlation coefficients of 0.98 for 
posterior wall velocity and 0.97 for posterior wall excursion 
when comparing the paired observations (Fig. 2, A and B}. 

Studies in normal subjects: Movement of the ventric- 
ular posterior wall was measured together with heart rate, 
with the subject in the supine position at rest, in 11 normal 
volunteers aged 20 to 48 years. The subjects then exercised 
in the erect position on an Elema-Schonander bicycle. Ex- 
ercise was begun at a work load of 200 kpm/min and was 
progressively increased at 3 minute intervals by 200 kpm/ 
min. Exercise was stopped at the onset of maximal fatigue, 
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Figure 2. Reproducibility of the method as determined by com- 
parison of 18 paired measurements. of posterior wall excursion 
and velocity. The dotted lines represent the lines of identity. A, 
posterior wall excursion; B, posterior wail velocity. 


and immediately afterward the subjects were placed supine 
and posterior wall movement and. heart rate were again 
measured. In 8 subjects repeated measurements of posterior 
wall velocity and excursion were made several minutes 
after exercise until the observations returned toward the 
resting value. 

Studies in patients: The second part of the study was 
performed in 6 patients being investigated for chest pain by 
an atrial pacing test.? The patients were in a fasting state 
without premedication, and informed consent was obtained 
for all investigations. A bipolar electrode pacing catheter 
(U. S. Catheter and Instrument Corp.) was introduced 
through an arm vein, advanced to the junction of the right 
atrium and superior vena cava, and used to pace the heart 
with an external battery-powered pacemaker. Pacing was 
begun at a ratio of about & beats above the sinus rate and 
increased by increments of 10 beats/min at 1 minute in- 
tervals. Pacing was stopped at a rate of 160 beats/min or 
when atrioventricular block occurred. None of these pa- 
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Figure 3. The effect of exercise on posterior wall velocity (A) 
and posterior wall excursion (B) in 11 normal subjects. In all sub- 
jects there was an increase in posterior wall velocity after exer- 
cise, and the mean (4) increased by 159 percent from 37 to 96 
mm/sec. All subjects also experienced an increase in posterior 
wall excursion after exercise, and the mean (a) increased by 60 
percent from 4.0 to 6.4 mm. 


110 


Posterior wall velocity (percentage of control) 





Heart rate (percentage of control) 


Figure 5. The effect of increasing heart rate by atrial pacing on 
maximal posterior wall velocity in 6 patients. Each symbol rep- 
resents the observations in 1 patient. 


tients experienced chest pain or S-T segment changes dur- 
ing the test. 

A diagnosis of noncardiac pain was made in all cases on 
the basis of the clinical examination, electrocardiogram, an 
exercise test and the atrial pacing test and was confirmed 
by the subsequent clinical course. Posterior wall motion 
was measured at rest and at each pacing increment. After 
the atrial pacing test all 6 patients performed exercise to 
a level of maximal tolerance as described previously, and 
posterior wall movement was again assessed. 


Results 


Exercise: The normal resting values for maximal 
posterior wall velocity ranged from 20 to 46 mm /sec 
(mean 37). The normal resting values for posterior 
wall excursion ranged from 2.5 to 6.6 mm (mean 4.0). 
In all subjects both the posterior wall velocity and 
excursion values increased after exercise (Fig. 3, A 
and B). Posterior wall velocity increased by 159 per- 
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REST EXERCISE 8 min 15 min 
POST EXERCISE POST EXERCISE 
Heart rate/min 80 160 120 108 
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velocity mm/sec = a 36 2 
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Figure 4. Polaroid photograph of posterior wall motion at rest, 
immediately after exercise, and 8 and 15 minutes after exercise 
in a normal subject. 


Posterior wall excursion (percentage of control) 





Heart rate (percentage of control) 


Figure 6. The effect of increasing heart rate by atrial pacing on 
posterior wall excursion in 6 patients. Each symbol represents 
the observations in 1 patient. 


cent to a mean of 96 mm/sec (P <0.001), and posterior 
wall excursion increased by 60 percent to a mean of 
6.4 mm (P <0.001). Several minutes after exercise 
both posterior wall velocity and excursion returned 
toward resting values. Figure 4 is an example of pos- 
terior wall motion or rest, immediately after exercise 
and several minutes after exercise in a normal sub- 
ject. 

Atrial pacing: Increasing the heart rate by atrial 
pacing resulted in no increase in either the maximal 
posterior wall velocity or posterior wall excursion. In 
fact, in all 6 patients studied there was a reduction in 
both measurements with increasing heart rate (Fig. 
5 and 6). Figure 7 shows an example of the effect of 
increasing heart rate on posterior wall motion. At a 
resting rate of 115 beats/min, the maximal posterior 
wall velocity was 47 mm/sec and the posterior wall 
excursion was 4 mm. Progressively increasing the 
heart rate resulted in a slight reduction in both veloc- 
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REST PACING PACING 
Heart rate/min 115 130 140 
Posterior wall 
velocity mm/sec “ 43 33 
Posterior wall 4 27 25 


excursion mm 


ity and excursion so that at pacing rates of 160 beats / 
min maximal posterior wall velocity was 26 mm/sec 
and posterior wall excursion was 2.6 mm. 

Atrial pacing vs. exercise: In 5 patients data 
were available to compare the posterior wall motion 
at identical heart rates during atrial pacing and exer- 
cise. In the sixth patient the heart rate on exercise 
rose beyond the maximal atrial pacing rate and thus 
no comparison could be made. Maximal posterior 
wall velocity increased from a mean of 22 mm/sec 
during atrial pacing to a mean of 61 mm/sec during 
exercise at identical heart rates. This represented an 
increase of 173 percent and was statistically signifi- 
cant at the 5 percent level (Fig. 8A). Posterior wall 
excursion increased from a mean of 2.9 mm during 
pacing to a mean of 6.1 mm during exercise, and this 
110 percent increase was also statistically significant 
at the 5 percent level (Fig. 8B). The effect of atrial 
pacing and exercise at identical heart rates in 1 pa- 
tient is demonstrated in Fig. 9. Increasing the heart 
rate to 120 beats/min resulted in a posterior wall ve- 
locity of 23 mm/sec and a posterior wall excursion of 
4.0 mm. Immediately after exercise at a heart rate of 
120 beats/min the posterior wall velocity had in- 


A 
n=5 B 
p=<.05 
n=5 
p=<.05 








Atrial Seo Exercise k À Atrial oa Exercise 
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Figure 8. Posterior wall velocity (A) and posterior wall excursion 


(B) during atrial pacing and exercise at identical heart rates. 
Exercise results in a significant increase in maximal posterior 
wall velocity and posterior wall excursion independent of heart 
rate. 
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22 2% Figure 7. Polaroid recording of the 
effect of increasing heart rate by 
25 2.6 atrial pacing on posterior wall mo- 


tion in 1 subject. 


creased to 84 mm/sec and the posterior wall excursion 
had increased to 7.8 mm. 


Discussion 


Ultrasound techniques have found increasing ap- 
plication in clinical cardiology,1~7 but the use of these 
methods for evaluating cardiac function has only 
recently been appreciated. Edler?° in 1955 referred to 
the detection of echoes from the left ventricular pos- 
terior wall as an aid in the diagnosis of pericardial 
effusions. Feigenbaum et al.* reported that in over 60 
human subjects they were able to identify and record 
the posterior heart wall, but they also used this struc- 
ture only to diagnose pericardial effusion. The echoes 
probably originate from the interface between the 
endocardial surface of the ventricle and intracardiac 
blood. In 1968 Bowyer et al.® first studied the motion 
of the posterior wall during the various phases of the 
cardiac cycle, and in 1970 Krauntz and Kennedy?! 
extended these initial observations to the study of 
posterior wall motion at rest and during exercise in 
normal man. Classically during ejection there is a 
marked anterior movement of the wall until the end of 
systole. The wall then gradually moves posteriorly as 
the ventricle fills until it reaches its end-diastolic 
position again. We have found the measurement of 
posterior wall motion by ultrasound a reliable and 
reproducible procedure and were able to identify this 
structure in all subjects studied at rest and during 
exercise. In some cases difficulty was experienced in 
recording immediately after exercise due to a marked 
degree of hyperventilation, but adequate records can 
usually be obtained. 

Many techniques used to assess myocardial func- 
tion such as determination of dP/dt? or dv/dt1% 
have the major disadvantage of being invasive and 
thus are of little value in making repeated measure- 
ments over an extended period of time. The measure- 
ment of maximal posterior wall velocity by ultrasound 
provides a safe and convenient (although one-dimen- 
sional) estimation of myocardial fiber shortening non- 
invasively. Our measurements at rest are very similar 
to those of Krauntz and Kennedy,!! and we have also 
been able to show a significant increase in maximal 
posterior wall velocity during exercise. Since Krauntz 


Figure 9. Polaroid recording of the 
effect of atrial pacing and exercise 
at identical heart rates on posterior 
wall motion in 1 patient. At a heart 
rate of 120 beats/min there is an 
increase in posterior wall excursion 
and velocity during exercise com- 
pared to the values during atrial 
pacing. 
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and Kennedy found a significant but small correla- 
tion between the increase in maximal posterior wall 
velocity immediately after exercise and the increase 
in heart rate that occurred, we were interested to see 
the effect of increasing heart rate itself, and whether 
the changes in maximal posterior wall velocity after 
exercise were related to heart rate. Increasing the 
heart rate by atrial pacing actually producęd a reduc- 
tion in maximal posterior wall velocity, and in 5 pa- 
tients we were able to show that exercise resulted in 
a significant increase in maximal posterior wall veloc- 
ity independent of heart rate. As the chronotropic ef- 
fects of exercise have previously been separated from 
the inotropic effects by other methods, 14 this increase 
in maximal posterior wall velocity during exercise, 
independent of heart rate, adds further substance to 
the usefulness of the method in reflecting alterations 
in left ventricular function. 

The measurement of posterior wall excursion rep- 
resents the absolute change in fiber shortening of 
this wall and might therefore be related to stroke 
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volume. Krauntz and Kennedy!! showed an inverse 
relation between resting heart rate and posterior wall 
excursion, and we demonstrated an inverse relation 
when the heart rate was progressively increased. Both 
these observations support the concept of the relation 
of posterior wall excursion to stroke volume, since at 
rest an inverse relation between heart rate and stroke 
volume occurs and during atrial pacing stroke volume 
is progressively reduced. 15 

The nature of this study precluded any control of 
two major determinants of cardiac function, preload 
and afterload, and further study is indicated to assess 
their relation to posterior wall motion. However, the 
present results indicate that changes in posterior wall 
movement reflect alterations in left ventricular func- 
tion independent of heart rate and that these changes 
can be measured by reflected ultrasound. This tech- 
nique has already been applied to the bedside study 
of acute myocardial infarction,1®17 and we suggest 
that the method is worthy of further evaluation in a 
variety of clinical circumstances. 
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The hemodynamic effects of maximal isometric handgrip exercise 
were determined in 6 normal subjects, 27 patients with coronary 
atherosclerotic heart disease and 6 patients with idiopathic congestive 
cardiomyopathy. The hemodynamic responses to isometric handgrip 
exercise and to dynamic treadmill exercise were compared in normal 


_ subjects and patients with atherosclerotic heart disease. 


In normal subjects, isometric handgrip did not alter heart sounds 
or precordial apex pulsations, but in patients with atherosclerotic 
heart disease it either accentuated or evoked atrial or ventricular 
gallop sounds in 59 and 44 percent, respectively. In patients with 
atherosclerotic heart disease and those with cardiomyopathy, apical 
diastolic pulsations markedly increased in amplitude during isometric 
handgrip. In both normal subjects and patients isometric exercise 
produced similar responses in systolic time intervals. 

Isometric handgrip evoked rapid and significant increases in 
systolic and diastolic blood pressure and heart rate in all normal sub- 
jects and patients. The product of systolic blood pressure and heart 
rate /100 (modified tension-time index) was used as an index of myo- 
cardial oxygen demand. Treadmill exercise increased mean modified 
tension-time index in normal subjects and in patients with athero- 

sclerotic heart disease by 215 (+244 percent) and 147 units (+150 

percent), respectively. Handgrip increased mean modified tension- 
time index by 52 units in both normal subjects and patients with 
atherosclerotic heart disease patients (+60 and +49 percent, re- 
spectively) and by 38 units (+39 percent) in patients with cardio- 
myopathy. 

Isometric handgrip exercise is a simple: cardiovascular stress test, 
applicable at the bedside for provoking abnormal physical signs 
associated with decreased left ventricular compliance or dysfunction 
in patients with atherosclerotic heart disease or cardiomyopathy. 


Precordial apical pulsations and diastolic gallop sounds can be used 
to detect decreased left. ventricular compliance or dysfunction in pa- 
tients with coronary atherosclerotic heart disease.!:? These abnormal 
physical findings can be augmented by dynamic exercise. > Siegel 
et al.® recently reported a technique for measuring precordial pulsa- 
tions and sounds during exercise in patients with atherosclerotic heart 
disease. Their study provided evidence that recordings made during 
dynamic exercise were more sensitive for the signs of left ventricular 
dysfunction than recordings made after exercise. However, because 
of muscular motion artifacts during dynamic exercise, a complex, ex- 
pensive averaging computer technique was required to obtain satis- 
factory records. A simple cardiovascular stress test, applicable at the 
bedside, is needed to provoke abnormal physical signs without inter- 
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fering with palpation, auscultation or electronic re- 
cording. Isometric exercise permits physical examina- 
tion and recording during the stress since marked 
circulatory reflex responses can be obtained in the 
supine position by performance of a maximal contrac- 
tion in a single muscle group.” 

Acute and relatively potent vasopressor responses 
to isometric handgrip exercise in normal subjects have 
recently been described.21° A preliminary report 
from our laboratory11 has described the same response 
to isometric exercise occurring in patients with 
atherosclerotic heart disease. In addition, we have 
measured left ventricular end-diastolic pressure re- 
sponses to isometric handgrip exercise during cardiac 
catheterization in approximately 50 patients with a 
variety of cardiac diseases. These studies have 
demonstrated the development of an abnormal left 
ventricular end-diastolic pressure or the marked 
accentuation of resting abnormalities in left ventricu- 
lar end-diastolic pressure during isometric exercise in 
patients with clinical or angiocardiographic evidence 
of left ventricular dysfunction. Recent reports from 
several other investigators’:12:18 utilizing direct 
hemodynamic measurements have also shown the 
usefulness of isometric handgrip stress testing to con- 
firm or provoke evidence of left ventricular dysfunc- 
tion. 

The purpose of the present study was to determine 
the changes in heart sounds, precordial pulsations 
and systolic time intervals of the cardiac cycle in- 
duced by isometric handgrip in normal subjects and 
in patients with atherosclerotic heart disease or car- 
diomyopathy. The usefulness of isometric exercise in 
provoking or accentuating the physical signs of de- 
creased left ventricular compliance or dysfunction 
was evaluated in these groups. In addition, the hemo- 
dynamic responses during maximal isometric hand- 
grip in normal subjects and in patients with athero- 
sclerotic heart disease were compared with the re- 
sponses to maximal treadmill exercise. 


Methods 


Thirty-three patients and 6 normal subjects were studied. 
Twenty-seven patients had atherosclerotic heart disease 
with electrocardiographic evidence of previous transmural 
myocardial infarction. These patients had New York Heart 
Association functional class II or III disease, and all had a 
decrease in exercise tolerance as shown by treadmill dura- 
tion scores ranging from 4 to 11 minutes. Normal treadmill 
duration score values in our laboratory for subjects 30 to 60 
years of age are: men 12 to 15 minutes and women 10 to 13 
minutes. 

Cardiomegaly was noted on the chest X-ray film of only 
4 patients with atherosclerotic heart disease, and 2 of these 
had electrocardiographic evidence of left ventricular hyper- 
trophy. Three patients with atherosclerotic heart disease 
had mild to moderate systemic hypertension, 1 had diabetes 
mellitus, and the remainder were free of significant com- 
plicating diseases. Six of the 33 patients had cardio- 
myopathy and had functional class III or IV disease at the 
time of study. The ages of the 33 patients ranged from 36 to 
61 years and that of normal subjects ranged from 23 to 32 
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Figure 1. Demonstration of isometric handgrip exercise testing 
using a handgrip dynamometer while blood pressure is obtained 
and cardiovascular graphics are recorded (see text for detailed 
description). 


years (mean 29). All patients and normal subjects had nor- 
mal sinus rhythm. 

The normal subjects and patients with atherosclerotic 
heart disease were studied in the supine position at rest, 
during the last 15 seconds of a 1 minute maximal effort 
handgrip, and during progressive treadmill exercise. The 6 
patients with cardiomyopathy were studied only at rest in 
the supine position and during handgrip exercise. 


Isometric Handgrip Exercise Testing 


Each patient or subject was positioned in the left lateral 
decubitus position for all recordings. After resting record- 
ings were obtained, the subject maintained a maximal effort 
handgrip for one minute with a handgrip dynamometer (J. 
A. Preston Co., New York). It should be noted that it is not 
possible to maintain the handgrip at peak tension for a full 
minute, and the value during the last 15 seconds is usually 
approximately 70 to 75 percent of peak tension. Blood pres- 
sure was measured in the nonexercising arm during rest 
and exercise, using the sphygmomanometric technique. 
Figure 1 illustrates the dynamometer and isometric hand- 
grip exercise. 

Simultaneous bipolar precordial electrocardiograms, 
phonocardiograms, carotid pulse tracings, apexcardio- 
grams, and the first derivative of the apexcardiogram were 
recorded at a paper speed of 100 mm/sec on an 8 channel 
Hewlett Packard photographic recorder (Model 4578 Poly 
Beam Recording System) at rest and during the last 15 
seconds of isometric exercise. Phonocardiograms were ob- 
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Figure 2. Diagram of apex cardiogram, phonocardiogram, 

carotid pulse tracing, velocity of apex motion (d ACG/dt), and 

electrocardiogram (ECG). Systolic intervais measured included 

isovolumic contraction time (IVCT), left ventricular ejection 

time (LVET) and pulse transmission time (PTT). Apical diastolic 

pulsations measured included the a wave and DFW. (total 
“diastolic filling wave) as a percentage of TA (total apical excur- 
sion amplitude). Velocity of a wave (da/dt) was measured as 
“percentage of the maximal velocity of apex cardiogram during 
«ventricular systole. 


tained with crystal microphones (Model 21050A, Hewlett 
Packard) at the cardiac apex with filter slopes at 24 db/ 
octave at cut off frequencies of 50 and 200 Hz, and in the 
second left intercostal space at 200 Hz. The apex cardio- 
‘gram and carotid pulse tracing were obtained using induc- 
‘tance displacement transducers (Model APT-16, Hewlett 
Packard) (time constant = œ), Alternating current ampli- 
“fiers with 4 second time constants (350 series, High Gain 
Amplifiers, Hewlett Packard) were used for signal condi- 
tioning. For differentiation of the apex cardiogram a passive 
resistance-capacitance circuit (Electronics for Medicine) 
_ with a 5 asec constant was employed. 


“Dynamic (Treadmill) Exercise Testing 


In-the 6 normal subjects and the 27 patients with athero- 
sclerotic heart disease, progressive treadmill exercise testing 
= was performed within 1 week of isometric handgrip testing 

to quantitate maximal oxygen consumption and to deter- 
mine hemodynamic responses to dynamic exercise. The 6 
patients with cardiomyopathy were not studied during 

treadmill exercise. An exercise protocol modified after 

Hornsten and Bruce was utilized.15 Determinations of 
“oxygen consumption, fingertip capillary serum lactic acid, 
“heart rate, blood pressure and orthogonal electrocardio- 
= grams were obtained at rest and during exercise. Oxygen 
consumption was determined using a Douglas bag and 
Beckman Oz and infrared CO2 analyzers. Recordings of 
scalar Frank lead orthogonal electrocardiograms were ob- 
tained using a Schwartzer Polygraph direct writing re- 
corder. Electrocardiographic changes were considered 
“positive” if horizontal S~T segment depression (>1 mm or 
0.1 mv at 80 msec after the J point) occurred: either during 
or after treadmill exercise. The development of a “positive” 
electrocardiographic response, angina pectoris or exhaus- 
tion led to termination of the test. 





Measurements and Calculations 


Measurements were made from a single representative 
cardiac cycle thought to be technically best. The following 
points, amplitudes and intervals are schematically illus- 
trated in Figure 2. 


Points 


Q: Beginning of ventricular depolarization. 

ACGu: Beginning of ventricular systole as determined 
by the first positive zero crossing of the first derivative of 
the apex cardiogram after the Q wave of the electrocardio- 
gram. 

ACGe: The peak of the apex cardiogram following the 
peak of the first derivative of the apex cardiogram. This 
peak displacement occurs at the first zero crossing of the 
derivative after the peak of the derivative. 

CARu; Onset of carotid upstroke. 

CARi: Carotid incisura. 

S24: Aortic component of the second heart sound. 

0 point: The nadir of the apex cardiogram, following 
SA. 

Amplitudes 


TA: Total amplitude of the apex cardiogram from 0 
point to peak systolic displacement. 

a wave %: (Amplitude of a wave/total amplitude) x 
190. 

Peak a wave velocity (da/dt) ratio: The ratio of the peak 
of the first derivative (velocity) of the a wave to the peak 
of the first derivative of the apex displacement curve during 
ventricular systole. 

DFW %: Amplitude from 0 point “to the peak of a 
wave.” 

Intervais and Calculations 


Pulse transmission time (PTT): The delay interval from 
aortic valve closure (S2A) to the carotid incisura (C4). 

Left ventricular ejection time (LVET): CARu to CARi. 

Left ventricular ejection time index {L VETI)8; Men: 
0.0016HR + ET (sec); women: 0.0017HR + ET (sec). 

Preejection phase (PEP): The interval from Q wave on- 
set to SoA minus left ventricular ejection time. 

Preejection phase index (PEPD:1® Men: 0.0004 + PEP 
(sec); women: 0.0004 + PEP (sec). 

Preejection phase/left ventricular ejection time: Pre- 
ejection phase divided by left ventricular ejection time. 

Modified tension-time index (MTTI): The product of 
heart rate (HR) and systolic blood pressure divided by 100. 

The significance of changes in heart- rate, blood pressure 
and graphic variables induced by isometric and treadmill 
exercise were tested by Student's paired ¢ test. The signifi- 
cance of differences in these variables among the 3 groups of 
subjects and patients studied at rest and. during isometric 
exercise was tested by an analysis of variance. 


Results 


Precordial apex pulsations and heart sounds 
during isometric handgrip exercise: The mean 
apex pulsation measurements and calculations are 
shown in Table I. In the 6 normal subjects the record- 
ings of apex displacement and velocity were unaltered 
during isometric exercise and neither S3 nor S4 gallop 
sounds were induced. 

In patients with atherosclerotic heart disease the 
mean a wave amplitude increased from 12 percent at 
rest to 21 percent of the total amplitude of the apex 
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cardiogram (from 0 point to peak systolic displace- 
ment) during isometric handgrip, and the total di- 
astolic amplitude (sum of rapid filling wave, slow fill- 
ing wave and a wave) increased from 29 to 39 percent 
of the total amplitude. The first derivative (velocity) 
of the a wave increased from 19 to 30 percent of the 
peak velocity during ventricular systole. Of the 27 
patients with atherosclerotic heart disease, 20 had an 


-Sa at rest, and in 8 of these the S4 became louder 


during handgrip exercise. In the 7 patients with 
atherosclerotic heart disease with no S4 at rest, 4 had 
a new S4 sound during isometric handgrip. Of these 
same 27 patients with atherosclerotic heart disease, 
5 had an S; at rest, and in 3 of these it became louder 
during isometric handgrip. Nine of the 22 patients 
with no S3 at rest had a new S during isometric hand- 
grip exercise. Representative tracings to illustrate 
these phenomena in a patient with atherosclerotic 
heart disease are shown in Figure 3. 

In the 6 patients. with moderate to severe cardio- 
myopathy, in whom the diastolic apical pulsations 
and gallop sounds were frequently abnormal in the 
resting state, smaller additional changes occurred 
during isometric handgrip. The mean a wave ampli- 
tude increased from 5 percent at rest to 22 percent of 
total amplitude during isometric handgrip, whereas 
the total diastolic amplitude increased from 37 to 49 
percent of total amplitude. Three of the 6 patients 
with cardiomyopathy had both S3 and S4 sounds at 
rest that did not become louder during isometric 
exercise. Of the 3 patients who had none at rest, 1 had 
an S4, 1 an S3, and 1 both an S4 and Sz during isomet- 
ric exercise. 

Systolic time intervals at rest and during isomet- 
ric handgrip exercise: The mean left ventricular 
systolic time intervals at rest and during isometric 
handgrip exercise in normal subjects and both groups 
of patients are presented in Table II. In the 27 pa- 
tients with atherosclerotic. heart disease the mean 
preejection phase and preejection phase index at rest 
were 112 + 22 and 142 + 21 msec compared to 80 + 23 
and 109 + 26, respectively, in 6 normal subjects; in 
the 6 patients with cardiomyopathy the phases were 
considerably longer: 170 + 21 and 205 + 25 msec. The 
differences from normal were significant for the pre- 
ejection phase and preejection phase index in both 
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TABLE I 


Mean Values for Diastolic Apical Pulsations at Rest and 
During Isometric Handgrip 


a 
a%TAa Velocity DFW% TA 
Normal 
subjects(no. = 6) 

Rest 2(+:2) 33) 21(+: 14) 

Handgrip 3(+3) 6(-:6) 24(18) 

Change -1 +3 +3 
ASHD (no. = 27) 

Rest 12(-+9) 19( 2:16) PAI 

Handgrip 21(+15}) 3021) 39 IZ) 

Change +94 +11t +104 z 
PMD (no. = 6) 

Rest 5(<¢- 4.5) 27(+46) IEL 

Handgrip 22(-+10) 39:42) CETA E 

Change +17* +12 -+12 

* P <0.05. 

+P <0.01. 


Values in parentheses are +1 standard deviation. The varie: 
ables are defined in Figure 2. 

ASHD = atherosclerotic heart disease; PMD = primary: 
myocardial disease. 
patients with atherosclerotic heart disease (P <0.005) — 
and those with cardiomyopathy (P <0.001). The | 
mean left ventricular ejection time and left ventricu- 
lar ejection time index at rest in patients with. 
atherosclerotic heart disease (268 + 27 and 392 + 22) 
were also significantly different (P <0.05) from the. 
means of the normal subjects (293 + 18 and 412 + 24, 
respectively). Similarly the left ventricular ejection. 
time and left ventricular ejection time index at rest in 
patients with cardiomyopathy were significantly pro-. 
longed (P <0.001). These differences were more- 
marked in the ratio of preejection phase /left ventricu- 
lar:ejection time, which was 0.28 + 0.09 in the normal- 
subjects but significantly higher in the 27 patients 
with atherosclerotic heart disease (0.42 + 0.11, P| 
<0.005) and the 6 patients with cardiomyopathy. | 
(0.86 + 0.17, P <0.001). During isometric handgrip 
the preejection phase and preejection phase index _ 
changed insignificantly in all 3 groups; similarly the | 
changes in left ventricular ejection time and left ven- 
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Figure 3. Representative cardiovascular ct “—~Apex Cardiogram j Ss iis i : 
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“TABLE I 


` Mean Values for Systolic Time Intervals at Rest and During isometric Handgrip 


LVET (msec) LVETI (msec) PEP/LVET 


ttre Tt 





PEP (msec) PEPI (msec) 
Normal 
subjects (no. = 6) 
Rest 8023) 109%(-+:26) 
>NS 
Handgrip 7724) 112-22) 
Change —3 +3 
ASHD (no. = 27) 
Rest 112( 2-22) 1424:21) 
>P<0.1 
Handgrip 104(-:29) 140(-: 28) 
Change —8 —2 
PMD (no. = 6) 
Rest 1706+21) 205(-+23) 
>P <0.1 
Handgrip 158(-£17) 199(-:21) 
Change —12 ~6 








293(+18) MA2) 0.276(:0.089) 
285(=23) 425( 28) 0.272(-+:0.088) 
—8 +13 —0.004 
268( 27) 392(<t:22) 0.424(-£0.107) 
262(+30) 403(:24) 0.406(-:0.132) 
—6 pu o o -0.018 
202(+30) 34018) 0.859% £0.172) 
198( +36} 365(:14) 0.824(4:0.197) 
4 +25 —0.035 


SE em P <0.01, 


Values in parentheses are + 1 standard deviation. The variables are defined in the text. 
ASHD = atherosclerotic heart disease; PMD = primary myocardial disease. 


tricular ejection time index were not significant in 
either the normal subjects or the patients with car- 
_diomyopathy although there was a significant pro- 
-longation of only the left ventricular ejection time 
index in the 27 patients with atherosclerotic heart 
disease (from 392 + 22 to 403 + 24 msec, P <0.005). 
General hemodynamic responses to isometric 
-and dynamic exercise: The mean changes in blood 
pressure, heart rate and modified tension-time index 
induced by isometric handgrip and by dynamic tread- 
mill exercise are presented in Table IL. Isometric 
handgrip exercise for 1 minute induced significant 
vasopressor responses of similar mean magnitude in 
< normal subjects (+39/34 mm Hg), in patients with 
-atherosclerotic heart disease (+36/27 mm Hg), and in 
| patients with cardiomyopathy (+22/27 mm Hg). Al- 
though no apparent differences between patients and 
normal subjects were noted in the pressor responses 
to isometric exercise, the mean control blood pressure 
values were lower in normal subjects (118/68) and 
patients with cardiomyopathy (112/79) than in pa- 
< tients with atherosclerotic heart disease (142/94). 
In almost all subjects evaluated heart rate increases 
‘of 15 to 20 beats/min (14 to 16 percent) occurred 
during isometric exercise. The modified tension-time 
index increase in normal subjects (+60 percent), 
patients with atherosclerotic heart disease (+49 per- 
cent), and patients with cardiomyopathy (+39 per- 
cent) was produced by increases in both blood pres- 
sure and heart rate, although the pressor contribution 
was predominant. 

During maximal treadmill exercise, as expected, 
the 5 normal subjects achieved higher work loads than 
the 22 patients with atherosclerotic heart disease, as 
reflected in mean maximal values for oxygen con- 
sumption of 43 + 8.2 and 18.6 + 6.4 ml/kg per min, 
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respectively. All patients and subjects had much 
greater increases in heart rate and modified tension- 
time index during maximal treadmill exercise than 
during maximal effort handgrip isometric exercise for 
1 minute. On the other hand, the increases in systolic 
blood pressure were of similar magnitude during 
maximal treadmill and during handgrip stress in all 
patients and subjects. Diastolic blood pressures in- 
creased significantly during handgrip but remained 
essentially unchanged during treadmill exercise. The 
mean maximal heart rate of 143 beats/min in pa- 
tients with atherosclerotic heart disease during tread- 
mill exercise was below the predicted maximal rate 
for age-matched normal subjects and below the mean 
of the 5 normal subjects we evaluated (mean 196 
beats/min). This low mean maximal heart rate in- 
crease in patients with atherosclerotic heart disease 
contributed to.a smaller increase in calculated modi- 
fied tension-time index (+150 percent) than in 6 nor- 
mal subjects (+252 percent). In the patients with 
atherosclerotic heart disease the incidence of angina 
pectoris was greater during maximal treadmill 
exercise (52 percent) than during maximal handgrip 
for 1 minute (26 percent). 


Discussion 


The results of this study indicate that isometric 
handgrip results in a rapid and significant elevation 
of the level of systemic blood pressure in normal sub- 
jects and in patients with coronary atherosclerotic 
heart disease or cardiomyopathy. Hemodynamic 
responses to isometric handgrip in patients with a 
variety of cardiac diseases, measured in our labora- 
tory during cardiac catheterization, have shown rapid 
and significant elevations in both systemic and pul- 
monary arterial pressure levels, and in heart rate and 
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cardiac output.17 The modest increase in heart rate 
that accompanies isometric handgrip limits the total 
cardiac load imposed in comparison with maximal 
dynamic treadmill exercise. The decreased stress of 
isometric exercise is supported by the lesser increases 
in modified tension-time index and by the lower in- 
cidence of angina pectoris during isometric exercise 
as compared with maximal treadmill exercise. 
Dimond‘ has recently emphasized the diagnostic 
usefulness of the apex cardiogram during exercise in 
patients with angina pectoris. The inexpensive re- 
producible, noninvasive, yet relevant nature of the 
apex cardiogram is apparent in atherosclerotic heart 
disease patients even at rest.1:2 What has been 
needed is a method of inducing a standard, measur- 
able left ventricular load without encumbering the 
physician or patient during the recording. The use of 
isometric handgrip exercise during phonocardiog- 
raphy and apex cardiography meets these require- 
ments and allows the physician to record the apex 
sounds and pulsations and systolic time intervals both 
at rest and during the stress. The dynamic responses 
of the left ventricle in a given patient can be mea- 
sured, and compared with those of normal subjects. 
Isometric handgrip and apical diastolic gallop 
sounds or pulsations: Evidence that isometric 
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handgrip can reveal an impairment in left ventricular 
diastolic compliance was provided by the develop- 
ment or accentuation of abnormal apical diastolic 
gallop sounds or pulsations in the patients with 
atherosclerotic heart disease and cardiomyopathy 
studied. These physical signs are usually due to an 
increase in left ventricular filling pressure, in turn, 
due to decreased distensibility of the ventricle. The 
relatively high incidence in our atherosclerotic heart 
disease patients of S4 sounds and abnormal f and a 
waves in the apex cardiogram at rest and the high in- 
cidence of increased or developed gallop sounds and 
apical diastolic pulse abnormalities during isometric 
handgrip probably reflect the presence of abnormal 
left ventricular function or diastolic compliance, or 
both, in our patients. There was no apparent correla- 
tion between the magnitude of blood pressure re- 
sponses to isometric exercise and the incidence or 
severity of induced gallop sounds or apical diastolic 
pulsations. In the 27 patients with atherosclerotic 
heart disease there was no significant difference in the 
frequency or magnitude of apex cardiographic or 
phonocardiographic abnormalities during isometric 
handgrip in those who had New York Heart Associa- 
tion class II disease and those who had class III, or 
between those who had treadmill duration scores of 


Mean Changes in Hemodynamic Measurements Induced by Treadmill and Handgrip Exercise 














Heart Rate Blood Pressure Incidence of 
(beats/min) (mm Hg) MTTI Angina Pectoris 
Treadmill 
Normal 
subjects (no. = 6) 
Rest 78(+11) 113/68(+12/7) 88(+19) 0 
Exercise 196(+9) 157/59(21/13) 303(+55) 0 
Change +118t +44+/—9 +215+ 
ASHD (no. = 21) 
Rest 74(+8) 132/84(+18/12) 98(+18) 0 
Exercise 143(+18) 170/84(= 26/13) 245(+54) 14/21 
Change +69+ +387/0 +147+ ae 
Handgrip 
Normal 
subjects (no. = 6) 
Rest 72(+12) 120/73(+ 9/15) 86.5(+12) 0 
Exercise 88(+9) 159/107(+26/18) 138.8(+27) 0 
Change +16t +394/+34t +52.3+ : 
ASHD (no. = 27) 
Rest 76(+12) 141/94(+21/13) 107(-+26) 0 
Exercise 90(-+ 13) 177/121(+21/20) 159(+31) 7/27 
Change +14} +364/+27+ +52+ ware 
PMD (no. = 6) 
Rest 89(+24) 112/79(+11/20) 97(=£21) 0 
Exercise 103(-+21) 134/106(+22/10) 135(+14) 0 
Change =14+ +22*/+27* +38+ ; 
=P <0305: 
+P <0.01. 


Values in parentheses are + 1 standard deviation. 
MTT! = modified tension-time index. 
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greater or less than 7 minutes. Abnormal apical 
“diastolic gallop sounds or pulsations were not ob- 
‘served in our 6 normal subjects. 

Isometric handgrip and systolic time intervals: 
-The left ventricular ejection time index was shorter 
and the preejection phase index and preejection 
phase/left ventricular ejection time ratio were longer 
at rest in our patients with atherosclerotic heart 
disease than in the normal subjects. Similar observa- 
tions in patients with cardiac dysfunction or heart 
-failure have been previously reported.!6 In all 3 groups 
studied isometric exercise had an inconsistent effect 
upon preejection phase and preejection phase index, 
whereas the left ventricular ejection time index was 
significantly prolonged in patients with atheroscle- 
-rotic heart disease and the preejection phase/left 
-ventricular ejection time was decreased, although 
not significantly. Dynamic exercise has been shown to 
‘shorten the uncorrected preejection phase in both 
normal subjects and patients with atherosclerotic 
heart disease.18-19 The left ventricular ejection time 
index is shortened by dynamic exercise in sedentary 
> patients with atherosclerotic heart disease.18.19 The 
response of systolic time intervals to isometric ex- 
ercise does not appear to differentiate between pa- 
tients with atherosclerotic heart disease or cardio- 
myopathy with decreased ventricular compliance or 
„function and normal subjects. In this regard, resting 
systolic time interval determinations may be of more 
value since the preejection phase index, left ventricu- 
lar ejection time index, and preejection phase /ejec- 
tion ratio at rest provided reasonable separation be- 
tween normal subjects or patients with athero- 
sclerotic heart disease or cardiomyopathy. These 


measurements also tended to separate the normal 
subjects from patients with atherosclerotic heart 
disease although the degree of overlap did not render 
this comparison significant. 

Possible dangers of test: The problems and dan- 
gers of isometric exercise testing deserve comment. 
Patient cooperation is occasionally more difficult to 
obtain than in treadmill or bicycle ergometer testing. 
Care must be taken to avoid Valsalva maneuvers 
during the test. Dangerous dysrhythmias have been 
reported in patients with cardiac disease,?° but in our 
experience with more than 200 tests in cardiac pa- 
tients we have precipitated ventricular ectopic 
rhythms in only 3 subjects, in all of whom the 
arrhythmia reverted spontaneously. Nevertheless, 
it is recommended that electrocardiographic monitor- 
ing be used during isometric exercise in patients with 
suspected left ventricular dysfunction or known 
rhythm disorders. Marked arterial hypertension and 
cerebrovascular disease, including vascular malfor- 
mations, are contraindications to the use of sustained 
isometric exercise of any muscle group. Isometric 
exercise is also contraindicated in patients with re- 
cent myocardial infarction. 

Clinical value: The combination of isometric 
handgrip stress testing and dynamic exercise electro- 
cardiography may be quite useful in the evaluation of 
patients with coronary atherosclerotic heart disease. 
The isometric stress may elicit latent decreased left 
ventricular distensibility or dysfunction as found in. 
the present study, whereas the presence of S-T seg- 
ment abnormalities in response to dynamic exercise 
may support the clinical diagnosis of inadequate 
myocardial oxygenation during exercise. 
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Serial Renal Function and Angiographic Observations in Idiopathic — 
Fibrous and Fibromuscular Stenoses of the Renal Arteries 


SHELDON G. SHEPS, MD, FACC Fifty-five hypertensive patients with angiographically demonstrable 





OWINGS W. KINCAID, MD idiopathic fibrous and fibromuscular stenoses of the renal arteries 
: JAMES C. HUNT, MD were restudied an average of 34.3 months later, at which time 32 pa- 





tients were normotensive with medical and surgical management. - 
Nineteen showed progression: 12 of the 40 with multifocal type, 6 of 
the 13 with focal and tubular types, 1 of the 2 with bilateral dissecting oe 
aneurysms. In 2 additional patients renal ostial atherosclerosis de- __ 
veloped. Ten patients had postoperative progression of ipsilateral 
fibromuscular stenoses. One patient had fibromuscular lesions of the 
celiac and hepatic arteries, and 2 patients had coincidental similar 
stenoses in the iliac arteries. Twenty-one patients had diminished 
renal function that in some was due to restenosis of a graft, progres- 
sion of main renal arterial stenosis, or intrarenal arteriolosclerosis. 
The renal function of 2 patients improved. The high incidence of 
progression of fibrous and fibromuscular stenoses dictates careful 
patient selection for medical and surgical management and follow-up 
study. 


Rochester, Minnesota 





During the past 15 years much effort has been expended in attempts 
to find more reliable methods of selection and surgical correction of © 
occlusive lesions of the renal arteries in patients with diastolic hyper- 
tension. However, little attention has been paid to the natural history. 
of renal vascular hypertension, although knowledge of the clinical — _ 
course of these patients is necessary to assist in therapeutic decision __ 
making.1:? In atheromatous renal artery disease, progression of the 
disease has been demonstrated in between one third and one half of © 
the patients within several years.1-3 Progression of the various non- 
atherosclerotic lesions also has been demonstrated; the frequency may 
depend on the particular subgroup as determined by angiographic 
diagnosis.3-+ To obtain further information with regard to progression 

of idiopathic renal fibrous and fibromuscular stenoses, we have re- 
viewed our cases through June 1970 with regard to the changes in 
serial angiograms and in renal function. ee 





Material 


There were 55 hypertensive patients with angiographically demonstzable 
idiopathic fibrous and fibromuscular stenoses of the renal arteries who under- 
went serial studies in our institution. Fifteen patients had had 3 studies, and 
2 had had 4 studies. The period from the initial angiographic diagnosis tothe 
latest angiographic follow-up study averaged 34.3 months (range 3 t6:93). 


From the Mayo Clinic and Mayo Foundation, 
Rochester, Minn. Manuscript. received June 
28, 1971; revised manuscript received 


- December 20, 1971, accepted January 7, Standard renal clearances of inulin and para-aminohippuric acid (PAH) were © 
4972. available in 41 cases. Follow-up arteriograms were sometimes obtained he- 
“> Address for reprints: Sheldon G. Sheps, cause there was a change in status either of the kidney or of hypertension con- 


MD, Mayo Clinic, Rochester, Minn. 55901. trol, but most often this was a routine reassessment at 2 to 3 year intervals, 
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Figure 1. Types of idiopathic fibrous and fibromuscular stenosis 
of the renal artery. (Reproduced by permission from Harrison 
and McCormack.®). 
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Incidence of Angiographic Progression of Fibrous and 
Fibromuscular Stenoses of the Renal Arteries 
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Stenosis 
Types of SS SAO URES 2d 
Stenosis Yes No Total 
Multifocal 
Large bead 4 11 15 
Small bead 8 10 18 
Mixed beads 0 7 7 
Focal 1 2 3 
Tubular 2 4 6 
Mixed focal and tubular 3 1 4 
Dissection 1 1 2 
Total 19 36 55 
Operative Procedures 
A (24 cases) 
\i!iLarge bead (9) 
Small (10) 
9 4r. pen Mixed (5) 
8 
Q 
EY oe 
Q 
Š 
S 2 
= 
4 b- 
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Nephrectomy Patch repair Bypass Resection 


(9) (7) (7) (4) 


Figure 2. Operative procedures in 24 cases of multifocal fi- 
bromuscular stenoses. 
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Figure 3. Renal arteriograms 27 months apart in a case of bi- 
lateral multifocal stenoses of large-bead variety. Arrows indicate 
increase in size of mural aneurysms on left between first (A) 
and second (B) studies. 


Classification of Idiopathic Fibrous and 
Fibromuscular Stenoses 


Recently, Harrison and McCormack® published a classi- 
fication of these nonatherosclerotic stenoses that is based 
on the arterial layer—intima, media or adventitia—in 
which the lesions predominate and as to whether there is 
fibroplasia, hyperplasia, dissection or aneurysm formation 
(Fig. 1). Medial dissection (5 percent of cases) usually is 
clearly distinguishable in renal arteriograms.° Medial fi- 
broplasia (60 to 70 percent of cases) and the rare medial 
hyperplasia (5 percent) generally present as multifocal 
stenoses in which there are large mural aneurysms—or 
“beads’”—which exceed the expected diameter of the renal 
artery because of extensive mural thinning between thick- 
ened fibromuscular ridges. Perimedial fibroplasia (15 to 25 
percent of cases) is characterized by generalized but irreg- 
ular thickening of the outer media that may simulate 
multifocal stenoses and beading, but the diameter of the 
beads is less than that of the renal artery. The intimal 
and adventitial lesions are rare (1 to 2 percent) and gener- 
ally are focal (less than 1 cm long) or tubular stenoses. 
However, there is considerable overlap and admixture of 
the angiographic findings so that the cases were classified 
rather arbitrarily according to the dominant features. 3-4-6 
In the present report, 40 patients had multifocal stenoses, 
13 focal and tubular stenoses, and 2 dissection. 


Results 


Arteriographic Changes 


Multifocal variety: Of the 40 patients with mul- 
tifocal stenoses 15 had large-bead stenosis, 18 had 
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Figure 4. Renal arteriograms 33 months apart in a case of 
multifocal stenoses of small-bead variety. Left nephrectomy had 
been performed earlier. Stenosis of right renal artery had in- 
creased between first (A) and second (B) studies. 


small-bead stenosis and 7 had both (Table I). There 
were 5 men and 35 women, with an average age of 43 
years (range 18 to 65). The average ages and ranges 
for each subgroup were: large-bead stenosis 47 years 
(34 to 65), small-bead stenosis 40 years (18 to 52), 
and mixed stenosis 41 years (32 to 53). Six patients 
had unilateral and right-sided stenosis; the remain- 
der had bilateral stenoses. These distributions are 
typical for this most common form of fibromuscular 
dysplasia. 

Twenty-four of the 40 patients had had renovascu- 
lar surgery: 9 nephrectomy and 15 revascularization 
procedures (Fig. 2). No patient underwent bilateral 
surgery. At follow-up arteriography, 23 patients were 
normotensive: 12 without antihypertensive therapy 
(all 12 had had operative management) and 11 with 
antihypertensive therapy, generally mild. Seventeen 
patients were still hypertensive. 

In 12 of the 40 patients (30 percent) (including 1 
male patient), there was arteriographic evidence of 
progression of renal artery disease. The progression 
was one of either increased extent or severity. This 
occurred in 4 of the 15 patients with large beads and 
8 of the 18 patients with small beads (Table I). Fig- 
ure 3 illustrates an increase in the size of the mural 
aneurysms in a patient with bilateral large beads. 


Figure 5. Renal arteriograms 8 years apart in a case of bi- 
lateral multifocal stenoses of large-bead variety, illustrating pro- 
gression on left between first (A) and second (B) studies. Con- 
tralateral nephrectomy was performed at outset. 


Four of the 12 patients with progression were hyper- 
tensive. The average follow-up interval was 37 
months (range 11 to 93) for the patients with pro- 
gression and 35 months (range 3 to 67) for the re- 
mainder. None of the patients who had mixed small- 
and large-bead involvement had progression of their 
disease. Postoperative ipsilateral progression of renal 
artery disease was noted after patch repair in 2 pa- 
tients and bypass procedure in 1 patient; in 4 pa- 
tients after nephrectomy, the contralateral renal ar- 
tery showed progression of disease. Figure 4 illus- 
trates progression in the small beads in the artery to 
the remaining kidney of a patient who had under- 
gone prior nephrectomy. Figure 5 illustrates large 
beads at the time of contralateral nephrectomy and 
the progression almost 8 years later. 

The possible relation between age of the patient 
and progression of disease was studied. Nineteen of 
the 28 patients (68 percent) without progression were 
40 years old or older, whereas 7 of the 12 (58 percent) 
with progression were in that age range (3 of 4 with 
large beads and 4 of 8 with small beads). Six pa- 
tients were 50 years old or older. With the exception 
of progression in a few older patients with large 
beads, there was no relation to age. There was no 
relation between the interval of follow-up study or 
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the degree of blood pressure control and the progres- 
sive changes in the renal arteries in these groups. 
As a group, however, the patients with small beads 
(who probably had perimedial fibroplasia) tended to 
be younger; more of this group were hypertensive 
and more had progression of the renal artery disease 
than did the group with large beads (who probably 
had medial fibroplasia) or the mixed group. 

Focal and tubular varieties: Thirteen patients 
had focal and tubular varieties of idiopathic fibrous 
and fibromuscular stenoses: 3 had focal stenosis, 6 
tubular, and 4 mixed stenoses (Table I). There were 
3 men and 10 women in this group, with an average 
age of 33 years (range 21 to 51). Nine patients had 
unilateral and right-sided disease, and the remainder 
had bilateral disease. One patient had unilateral 
excision of the stenosis, and 4 patients underwent 
renal arterial bypass procedures, one of which was 
bilateral. One patient underwent bilateral patch re- 
pair of the renal arteries. 

At follow-up arteriography, 6 patients (46 percent) 
had progression of their renal artery disease: 1 with 
focal, 2 with tubular, and 3 with mixed disease 
(Table I). All 4 with bilateral involvement showed 
evidence of progression. One patient with tubular 
disease later appeared to have small beading, and 1 
patient with focal disease later appeared to have tu- 
bular disease. No male patient had evidence of pro- 
gression of disease. Five patients had ipsilateral post- 


Figure 6. Renal arteriograms 
in a case of bilateral focal and 
Í tubular stenoses. A, before right 
bypass procedure. B and C, 9 
months after bypass; midaortic 
injection (B) and right selective 
injection (C). New area of ste- 
nosis is illustrated just distal to 
graft insertion. (Figure 6A re- 
produced by permission from 
Kincaid et al.*) 


operative progression of disease in 7 renal arteries. 
Figure 6 illustrates bilateral focal and tubular dis- 
ease. Nine months after a right bypass procedure, se- 
lective injection into the right renal artery indicated 
a new area of stenosis. 

The average age of patients who had progression of 
the renal artery disease was 40 years (range 25 to 
51), compared to 29 years (range 21 to 37) for the re- 
mainder. The follow-up period of the former group 
was 29 months (range 9 to 56), contrasted to 43 
months (range 21 to 70) for the latter. Two of the 
patients with progression were hypertensive at fol- 
low-up study, compared to 4 of the remainder. 

Dissection in the renal artery: Two male pa- 
tients (aged 39 and 41 years) had dissection of the 
renal artery, and in both the dissection was bilateral. 
One of these, who was normotensive (with antihyper- 
tensive drug therapy) for 22 months, had no 
change; the other, who was also normotensive with 
medication, at 7 months had infarctions secondary 
to occlusions of associated sacular aneurysms. Our 
experience with dissection limited to the renal artery 
now totals approximately 40 cases.® Bilateral in- 
volvement is unusual. In no instance has dissection 
appeared at follow-up angiography except in 1 pa- 
tient, described by Stewart et al.,? after contralater- 
al nephrectomy for dissection. 

Fibromuscular stenoses in other arteries: One 
patient had hepatic fibromuscular stenoses, and 2 
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patients had iliac arterial involvement at the original 
examination. One of the latter subsequently had dis- 
ease of the celiac and hepatic arteries. 

Renal atherosclerosis: Significant orificial ath- 
erosclerosis and a small abdominal aneurysm devel- 
oped in a 42 year old woman with bilateral fibromus- 
cular dysplasia who was reexamined 45 months later. 
She had remained hypertensive and had no lipid ab- 


normalities. A 37 year old man had minor orificial 
atherosclerosis in a previously normal accessory renal 


_artery at 28 months of follow-up study. There were 7 
other patients (2 men) with minor renal orificial ath- 
erosclerosis that did not change; 2 of these patients 
continued to be hypertensive. The average age for 
the 9 patients was 46 years (range 37 to 65). 


Renal Function 


Multifocal stenoses: Standard renal clearance 
studies of inulin and PAH were available at follow- 
up examination of 33 patients with multifocal fibro- 
muscular stenoses. Twelve patients were hyper- 


a tensive, and 21 were normotensive. Eighteen pa- 


tients had a decrease in renal function, that is, a 15 
percent or greater decrease in inulin or PAH clear- 
ance (Fig. 7). Fourteen of these patients were normo- 
tensive at follow-up study. The 7 patients who un- 
-derwent unilateral nephrectomy all had bilateral dis- 
ease; as expected, there was subsequent evidence of 
diminished function. However, this occurred in asso- 
ciation with progression of renal artery disease in 3. 
A patient with bilateral fibromuscular stenoses, who 
was normotensive after repair on the left side only, 
had progressive right renal atrophy. There was no 
change in the appearance of the right renal artery. 
This represents an instance of progressive ischemic 
fibrosis subsequently halted by repair on the right 
side. Two additional patients had progression of 
renal arterial stenosis (Fig. 7). With 1 exception, the 
patients with both progression of renal arterial ste- 
nosis and decrease in clearance values were normo- 
tensive. 

Focal and tubular stenoses: Among the pa- 
tients with focal and tubular stenoses, 9 had renal 
clearance studies at follow-up examination. One hy- 
pertensive patient died of renal failure 3 months 
after follow-up arteriography; she had had unilateral 
disease that had not changed at 21 months. Two 
other patients had decreases in renal function; in 1, 
the decrease occurred from restenosis after bypass 
that had resulted in normotension. Three additional 
patients with progression in renal artery disease had 
no change in clearance values. 

Two patients had significant (greater than 15 per- 
cent) improvement in clearance values. Neither had 
undergone a surgical procedure; 1 was normotensive 
with antihypertensive therapy, and the other re- 
mained hypertensive. 

Partial infarction of a kidney occurred in 3 persis- 
tently hypertensive patients—after occulusion of a by- 
pass graft in 2, and after complete renal arterial oc- 
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Figure 7. Multifocal fibromuscular stenoses. Cases of dimin- 
ished renal function at follow-up study grouped by mode of 
treatment and presence of hypertension. Asterisks indicate 
numbers of patients in each group with angiographic demon- 
stration of progression of renal arterial stenosis. 


clusion due to fibromuscular disease in 1. One pa- a 
tient with dissection also had renal infarction. 







Discussion 


Progression of renal artery disease during an aver- 
age of about 3 years was seen in 19 of 55 patients (35 
percent) with idiopathic fibrous and fibromuscular o 


stenoses of the renal arteries. In 2 additional patients 


unilateral renal ostial atherosclerosis developed. In _ 
agreement with the findings of Meaney and co-work- | 
ers,? progression was less common among patients 
who had multifocal stenoses with large beads (proba: © 
bly medial fibroplasia) than in the remainder. Of the 


10 male patients, 1 had progression of multifocal: : 


stenoses, and 1 had an infarcted kidney beyond a 
dissection. Progression occurred in all age groups, in’ 
contrast to the findings of Meaney et al., who had 
not noted new disease develop or progression of le- 
sions in patients who were more than 40 years of age 
at the time of initial examination; indeed, in our se- _ 


ries, progression was more common in the older pa- 


tients with focal and tubular stenoses. Fourteen pa- 
tients had progression in kidneys not operated upon, 
4 of these after contralateral nephrectomy. Ten pa- 
tients had progression of ipsilateral disease after re- 


vascularization procedures. No fibromuscular dys- 


plasia developed in a previously normal-appearing _ 
renal artery, although celiac and hepatic artery in- 
volvement developed in 1 patient. Regression of- 
renal arterial stenosis was not seen. Some progres- = 
sion was noted from limited focal or tubular involve- 
ment to more diffuse involvement. 

Although no relation was seen between blood pres: 
sure control and progression of renal arterial ste- 


nosis, renal function was affected. Diminished renal __ 


function was noted in 21 patients and improvement- 
in 2 patients. Diminished function was due to resten- © 
osis of grafts, as well as to progression of the main 
renal arterial stenosis or of the intrarenal artericlos- 
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~ elerosis. On 1 occasion, diminished perfusion subse- 
¿quent to normotension, as a result of successful con- 
- tralateral surgery in bilateral disease, produced 
ischemic fibrosis. 
‘Clinical implications: This high incidence of 
_ progression of renal arterial stenosis makes careful 
~ serial follow-up studies imperative. Size and function 
of the kidneys must be observed carefully, and serial 
angiography should be considered, as this procedure 


was very useful in detecting reversible causes of de- 


- creasing renal function, for example, stenosis in a 
graft. The surgical approach should be conservative 
and directed toward revascularization rather than 
- primary nephrectomy, except in patients with exten- 





sive atrophy or generalized infarction. In the patients 
with small beads and focal and tubular disease (le- 
sions that were more often progressive), revasculari- 
zation by enlarging the renal artery through patch 
grafting may have more long-lasting benefit than 
excision with end to end anastomosis or bypassing 
beyond existing stenoses. Diminishing renal function 
in the presence of stenotic lesions amenable to revas- 
cularization procedures should be considered an in- 
dication for surgical intervention, because, although 
an improvement in hemodynamic function is uncom- 
mon, a relentlessly downhill course to irreversible 
ischemic fibrosis of the renal parenchyma can be ar- 
rested. 
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The effects of acutely induced hypercapnic or lactic acidemia on the yy 
inotropic responses to acetyl strophanthidin were studied in adult _ 
cats. Beta adrenergic blockade was produced with propranolol to 


eliminate sympathetic influences on the heart. 
significant increases in stroke volume, mean ejection rate and rate’ 
of rise of left ventricular pressure (dP/dt) were shown after infusion __ 


In control animals _ 


of acetyl strophanthidin, 15° «9 /kg. Similar increases were demon- 
strated in cats with lactic acidemia (pH 7.0) or hypercapnic acidemia 
(PCO, 60 mm Hg). The responses of cats with low pH or high PCO, o 
values did not differ significantly within the 2 groups or by comparison — 


with control responses. These results demonstrate (1) that digitalis fe : 
is effective in producing significant inotropic responses even under 
these altered metabolic conditions, and (2) that propranolol does. 


not inhibit these responses. 





Alterations in arterial pH and PCO; have been shown to affect the 


amount of digitalis glycoside required to produce toxic cardiac ar- 


rhythmias. Metabolic acidemia has been associated with increased 


tolerance of digitalis in the adult. dog,}-? whereas with hypercapnic = 


acidemia there may be either an increase or no change in tolerance.3:4 


Previous studies from our laboratory have shown that in young pup- __ 
pies the dose of acetyl strophanthidin required to produce toxicity 
increases during hypercapnic acidemia.® Since the relation of acid- 
base changes to the inotropic action of digitalis is unknown, the 


present study was undertaken to evaluate the responses of cardiac D 


contractility. to acetyl strophanthidin under normal conditions and 


during states of acute lactic acid and hypercapnic acidemia. A pre- 
liminary report on these findings has appeared. 


Methods 


Adult mongrel cats weighing 2.9 to 3.4 kg were anesthetized with pento: 
barbital (30 mg/kg) and a tracheostomy and midline thoracotomy. were 


performed. Ventilation was maintained with a Harvard respirator. The de- a i. 


scending thoracic aorta was cannulated and cardiac output measured with a 


Medicon electromagnetic flowmeter by means of a cuff probe placed around > 
the root of the aorta or a cannulating type of probe in the tubing from the 
aorta (Fig. 1). When the latter was used, the brachiocephalic artery was. 
ligated. The cardiac output could be modified as desired using a Sarns roller 
pump to shunt blood from the aortic line into a cannulated left innominate 


vein. Blood temperature was maintained at 37 + 1 C with a Sarns heat ex- 


changer. Arterial temperature was monitored with a thermocouple probe. —__ 
Mean arterial pressure was controlled by means of an adjustable -constant 
pressure blood reservoir connected to the aortic line, A saphenous vein was. 


cannulated for lactic acid infusion and drug administration. Heart rate was 
maintained constant by electrical pacing of the left atrium. 
Arterial pH, PCO, and PO; were continuously monitored with a Jewett 
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flow-through electrode assembly. Frequent measurements 
of arterial pH, PCO2 and POz2 were also made using an 
Instrumentation Laboratory blood gas and pH analyzer. 
Aortic pressure was obtained by cannulating the left sub- 
clavian artery, and left ventricular pressure by inserting a 
15 gauge needle through the cardiac apex into the left 
ventricle. Sanborn transducers were used. The maximal 
rate of rise of left ventricular pressure (dP/dt max) was 
computed by a resistance-capacitance differentiating cir- 
cuit with a time constant of 0.268 msec. The electrocardio- 
gram was monitored from standard limb lead electrodes. 
Recordings of heart rate, arterial pressure, cardiac output, 
left ventricular pressure in millimeters of mercury, left 
ventricular end-diastolic pressure in centimeters of water, 
left ventricular dP /dt and the electrocardiogram were made 
on a Sanborn 358 direct-writing recorder. 

Beta adrenergic blockade was produced in all cats with 
intravenous administration of propranolol, 0.25 mg/kg, 
to eliminate sympathetic influences on the heart. 

In 5 cats, the arterial pH ranged from 7.38 to 7.42, 
POs from 80 to 100 mm Hg and PCO» from 16 to 26 mm 
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Figure 1. Autosupported heart preparation for measurements 
of left ventricular performance. TR = Sanborn transducers. 
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Hg. Lactic acidemia was produced in 5 cats by the infu- 
sion of 1N lactic acid through the femoral vein until a pH 
of 7.0 or less was obtained, while maintaining a normal 
level of arterial PO2 and reduced PCOz2. Hypercapnic aci- 
demia was produced in 5 cats by adding COz to the respi- 
rator gas mixture until an arterial PCOz level of 60 mm 
Hg or more was reached. Arterial PO2 was held in the 
normal range. During steady state conditions, acetyl stro- 
phanthidin was administered with a Harvard infusion 
pump in an initial dose of 15 ug/kg over a 5 minute peri- 
od. A second dose of 7.5 ug/kg of acetyl strophanthidin 
was given over a 5 minute period, 10 minutes after com- 
pletion of the first infusion. 

Recordings of hemodynamic events were obtained be- 
fore and after administration of propranolol, before ad- 
ministration of acetyl strophanthidin, and 1,3 and 5 min- 
utes after each infusion of acetyl strophanthidin. All re- 
cordings were made at a constant level of heart rate (200 
to 250 beats/min) and arterial pressure (75 to 100 mm 
Hg) and at controlled increments of cardiac output. Left 
ventricular function curves were constructed from these 
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Figure 3. Cat 39. Ventricular function curves relating stroke 
volume, mean ejection rate and dP/dt max to left ventricular 
end-diastolic pressure (LVEDP) in a control cat with pH 7.42, 
aortic pressure 75 mm Hg and heart rate 200 beats/min. After 
infusion of acetyl strophanthidin (A.S.), the curves are shifted to 
the left. 
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Figure 2. Tracings from a control cat with 
pH of 7.42, showing hemodynamic re- 
sponses to acetyl strophanthidin (A.S.). Aor- 
tic pressure (AP), cardiac output (CO) and 
heart rate were constant. The maximal rate 
of rise of left ventricular pressure (dP/dt) in- 
creased, and left ventricular end-diastolic 
pressure (LVEDP) decreased after the first 
dose of acetyl strophanthidin. LVP = left 
ventricular pressure. 
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data relating stroke volume, mean ejection rate and maxi- 
mal rate of rise of left ventricular pressure (dP/dt max) to 
left ventricular end-diastolic pressure. 
Standard deviation, standard error and grouped or 
~paired Student’s t tests for small samples? were calculat- 
ed using an Olivetti-Underwood Programma 101 to assess 
the significance of changes in measurements of ventricular 
function during acidemia and during infusion of acetyl 
| strophanthidin. 
eee Results 
Left Ventricular Responses to Acetyl Strophanthidin 


Control animals: Typical responses to infusion 
of acetyl strophanthidin in a control cat with a pH of 
7.4 are illustrated in Figure 2. One minute after infu- 
sion, the left ventricular end-diastolic pressure de- 
creased from 9 to 8 cm HzO and the dP/dt max in- 


`- . creased from 4,300 to 6,100 mm Hg/sec in recordings 


obtained at the same levels of heart rate, cardiac 
‘output and aortic pressure. One minute after an ad- 
ditional dose of 7.5 „g/kg of acetyl strophanthidin, 
and 10 minutes after the first dose, there was mini- 
mal further rise in dP/dt max and no further change 
in end-diastolic. pressure. The major portion of the 
response in each cat occurred within 5 minutes of the 
initial 5 minute infusion of acetyl strophanthidin, 


TABLE | 


and additional infusion failed to produce a further a 
increment. a 
Left ventricular function curves were obtained för. 


each cat before administration of acetyl strophanthi- 


din and 1, 3 and 5 minutes after completion of the 


infusion. Figure 3 shows the relation of stroke vol- — 


ume, mean ejection rate and dP/dt max to left ven- 
tricular end-diastolic pressure in a control cat with a : 
pH of 7.42 and a PCO: of 16 mm Hg. Five minutes _ 
after infusion of 15 ug/kg of acetyl strophanthidin, _ 
there was a substantial increase of all 3 values at any _ 
given end-diastolic pressure, thus indicating an in- | 
crease of left ventricular contractility. a 

To permit quantitative comparison, the stroke vol- 
ume, mean ejection rate and dP/dt max at a left 
ventricular end-diastolic pressure of 10 cm H20 were _ 
obtained from the curves obtained 5 minutes after 
infusion of acetyl strophanthidin (Table I). In each — 
control cat these indexes rose significantly after infu- 
sion. The average stroke volume increased approxi- 
mately 45 percent, from 1.6 to 2.3 ml (P <0.02), the _ 
average mean ejection rate increased by almost 30 
percent from 10.9 to 14.0 ml/systolic sec (P <0.01), 
and the average dP/dt max increased almost 50 per- 
cent, from 3,760 to 5,490 mm Hg /sec (P <0.005), 





Effect of Acetyl Strophanthidin on Left Ventricular Function in Relation to Hypercapnic Acidemia and Lactic Acidemia a ‘ 
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Stroke Volume Mean Ejection Rate dP/dt max 
(ml) (ml/systolic sec) (mm Hg/sec) 
Cat no. A B A B A B 
sana RRR REE een a 
Control 
22 2.2 3.3 17.8 18,3 7000 8500 
23 2.2 2.3 13.5 16.8 4300 6100 
26 1.4 2.2 9.0 12.5 2200 4400 
34 0.7 1.3 5.2 8.7 2700 3400 
30 1.3 1.9 8.8 13.6 2600 4750 
Mean + SEM 1.6 + 0.3 2.3 + 0.4 10.9 + 1.9 14.0 + 1.5 3760 < 792 5490 -+ 774 
P <0.02 <0.01 <0.005 
Hypercapnic Acidemia 
31 1.2 2.0 8.0 12.5 1680 2400 
41 1.3 1.7 8.5 12.7 2500 3500 
44 1.8 1.8 11.3 11.9 2600 3500 
45 0.7 1.5 2.0 8.5 500 2000 
51 1.4 1.9 9.7 13.4 2747 4120 
Mean + SEM 1.3 0.2 18+ 0.1 7.9 + 1.4 11.8 + 0.8 2005 = 375 3104 + 350 
P <0.02 <0.01 <0. 001 
Lactic Acidemia 
4 1.7 1.9 10.0 11.5 2050 2400 
20 1.5 2.1 11.5 18.0 1300 2500 
21 2.1 2.5 13.9 18.5 2050 2700 
24 3.0 3.7 17.4 22.4 3500 5200 
27 1.3 1.9 2800 3400 
Mean + SEM 1.9 0.3 2.4 Æ 0.3 13.2 4 1.4 17.6 1.9 2340 -+ 335 . 3240 -& 465 
P <0.01 <0.01 <0.01 





-Values for stroke volume, mean ejection rate and dP/dt max obtained at a heart rate of 200 beats/min, aortic pressure of 75 mim Hg 


duly 11,1972... The American Journal of Cardioloav...: Volume 30). 


“and left ventricular end-diastolic pressure of 10cm H:0. A = before acetyl strophanthidin; B = 5 minutes after acetyl strophanthidin. 
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Figure 4. Cat 41. Ventricular function curves from a cat with 
pH 7.02, PCO2 60 mm Hg showing a shift to the left after infu- 
sion of acetyl strophanthidin (A.S.). The responses during hy- 
percapnia do not differ from those elicited in normocapnic cats. 
Aortic pressure 75 mm Hg, heart rate 250 beats/min. 


Hypercapnic acidemia: Left ventricular function 
curves from a representative animal during steady 
state hypercapnic acidemia (average pH 7.02, PCO2 
60 mm Hg) are shown in Figure 4. Five minutes after 
infusion of acetyl strophanthidin, 15 ug/kg, there 
was a consistent increase in stroke volume, mean 
ejection rate and dP/dt for a given level of end-dia- 
stolic pressure. The values obtained at an end-dia- 
stolic pressure of 10 cm H20 for the 5 cats with hy- 
percapnic acidemia before and 5 minutes after infu- 
sion of acetyl strophanthidin are tabulated in Table 
I. The average stroke volume again increased about 
40 percent, from 1.29 to 1.78 ml (P <0.02), the aver- 
age mean ejection rate increased almost 50 percent, 
from 7.9 to 11.8 ml/systolic sec (P <0.01) and dP/dt 
max increased more than 50 percent, from 2,005 to 
3,104 mm Hg/sec (P <0.001). 

Lactic acidemia: The 5 animals in which lactic 
acidemia was produced also showed a substantial 
shift to the left of the left ventricular function curves 
within 5 minutes of the 5 minute infusion of 15 
ug/kg of acetyl strophanthidin (Fig. 5). The values 
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Figure 6. Comparison of average values of stroke volume 
(SV), mean ejection rate (MER) and dP/dt max before and 
after infusion of acetyl strophanthidin in control cats (A) and 
cats with lactic acidemia (B) and hypercapnic acidemia (C). 
SV, MER and dP/dt were measured at a left ventricular end- 
diastolic pressure of 10 cm H20. The P values refer to the in- 
creases after infusion of acetyl strophanthidin, which are all sig- 
nificant. However, there is no significant difference in the re- 
sponses of the 3 groups to acetyl strophanthidin. 
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Figure 5. Cat 24. Ventricular function curves from a cat with 
lactic acidemia (pH 7.01, PCO2 20 mm Hg) demonstrate a shift 
to the left after infusion of 15 ug/kg of acetyl strophanthidin. 
Aortic pressure 75 mm Hg, heart rate 190 beats/min. 


for stroke volume, mean ejection rate and dP/dt max 
before and after infusion of acetyl strophanthidin are 
summarized in Table I. There was an average in- 
crease in stroke volume of approximately 30 percent, 
from 1.9 to 2.4 ml (P <0.001), an average increase of 
33 percent in mean ejection rate, from 13.2 to 17.6 
ml/systolic sec (P <0.01), and an almost 40 percent 
increase in dP/dt from 2,340 to 3,240 mm Hg/systol- 
ic sec (P <0.01). 


Quantitative Relation of Responses to Acetyl 
Strophanthidin During Hypercapnia and Lactic 
Acidemia 

To compare the responses to infusion of acetyl 
strophanthidin quantitatively in the 3 groups, the 
increases in stroke volume, mean ejection rate and 
dP/dt at a left ventricular end-diastolic pressure of 
10 cm H20 were averaged and analyzed statistically. 
The average increase in stroke volume was 0.68 ml in 
the control animals, 0.48 ml in the hypercapnic 
group and 0.50 ml in the group with lactic acidemia. 
The mean ejection rate increased 3.1, 3.9 and 3.2 
ml/systolic sec, respectively, and the dP/dt max in- 
creased 1,670, 1,099 and 900 mm Hg/sec, respective- 
ly (Fig. 6). Although the increase in each measure- 
ment was significant, neither the absolute nor per- 
centage increases in those animals with a low pH 
value or a high level of PCO% differed significantly 
between the 2 groups or by comparison with control 
values. 


Effect of Propranolol on Responses to Acidemia and 
Acetyl Strophanthidin 


It has been demonstrated previously that when 
adrenergic influences on the heart are blocked with 
propranolol, left ventricular function is depressed in 
the presence of lactic acidemia.® The effect of hyper- 
capnic acidemia on left ventricular function, with 
and without beta adrenergic blockade, was investi- 
gated in 7 cats. The stroke volume, mean ejection 
rate and dP/dt max at an end-diastolic pressure of 
10 cm H20 with a constant heart rate and arterial 
pressure were tabulated for each animal during 
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TABLE H 
Left Ventricular Function During Hypercapnic Acidemia Before and After Propranolol 




















Stroke Volume (mi) Mean Ejection Rate (ml/systolic sec) dP/dt max (mm Hg/sec) 
Control Propranolol Control Propranolol Control Propranolol 
Cat no. iPCO. TPCO, +PCO, tPCO, iPCO, tPCO, EPCO, 1PCO, {PCO, 1PCO, = PCO. PCO, 
eS all ac a a a ee ee eat ee 
31 1.5 1.4 1.4 1.3 9.2 8.8 9.3 8.1 1262 1767 2272 1641 
32 1.0 1.1 1.1 0.4 9.9 10.0 7.8 2.8 2832 2832 2166 1666 
41 1.4 1.2 9.8 8.5 2500 2500 
44 1.7 1.7 1.7 1.6 13.2 13.2 13.2 10.7 4563 4563 4563 2182 
45 1.5 1.5 1.3 0.7 13,3 13.2 8.0 4.2 4375 4375 1818 1212 
48 1.3 1.4 0.7 0.5 10.4 10.0 4.0 3.5 4960 4960 1600 1424 
51 1.3 1.7 1.8 1.5 17.0 13.6 12.3 9.7 4669 4120 3296 2747 
Mean 1.42 1.46 1.3 0.9 12.2 11.5 9.2 6.7 3776 3769 2602 1910 
SE +£0.08 £0.08 +0.1 0.1 1.0 0.8 1.0 +11 +537 +454 +357 +201 
P NS <0.02 NS <0,02 NS <0.02 


Stroke volume, mean ejection rate and dP/dt max obtained at heart rate of 200 beats/min, aortic pressure of 75 mm Hg and left 


ventricular end-diastolic pressure of 10 cm H:0. NS = not significant; PCO, = 20 (42 SE) mm Hg; 7PCO, = 60 (t 4SE) mm Hg. 


states of low PCOs, low PCO; with beta blockade 
and beta blockade with hypercapnia (Table II). Be- 
fore blockade, hypercapnic acidemia (average pH 


6.9, average PCO2 62 mm Hg) had no demonstrable 


effect on the stroke volume, mean ejection rate or 
dP/dt, thus indicating no reduction in myocardial 
contractility. After beta adrenergic blockade, how- 
ever, when the PCO3 was increased to an average of 
64 mm Hg, there was a significant reduction in all 3 


indexes. At a left ventricular end-diastolic pressure 
- level of 10 cm H20, the average stroke volume de- 


creased from 1.3 to 0.9 ml (P <0.02), the average 
mean ejection rate from 9.2 to 6.7 ml/systolic sec (P 
<0.01) and the average dP/dt max from 2,602 to 


1,910 mm Hg/sec (P <0.02). 


Although myocardial function in the animals with 


~beta-blockade and hypercapnia or lactic acidemia 


was lower than that of animals with normal pH and 
PCOz levels, the increments in myocardial contrac- 
tility produced by acetyl strophanthidin were as large, 
but no larger than, those in control animals. 


Discussion 


This study demonstrates that in the presence of 
acute hypercapnic or lactic acidemia, there is no sig- 
nificant alteration of the inotropic responses to ace- 
tyl strophanthidin in the adult cat when the drug is 
administered in amounts estimated to be approxi- 


_ mately a third of the expected toxic dose. Increments 


in myocardial contractility were consistently demon- 
strated within 5 minutes of an infusion of 15 ug/kg of 
acetyl strophanthidin, as evidenced by an increase of 
dP/dt max of 50 percent or greater and a shift of the 
left ventricular function curves upward and to the 
left. Equally great responses were observed during 


hypercapnic or metabolic acidemia. This is in con- 
trast to the toxic arrhythmic effects of digitalis gly- 
- eosides, which are altered by acute changes in pH or 


PCO». Metabolic acidemia, induced by the infusion 


of NH4CH or HCI2, is associated with an increase in. 
the amount of digitalis required to produce a toxic 
arrhythmia. Tisi and Moser? demonstrated increased 
digitalis tolerance in the presence of acute hypercap-_ 
nia in adult dogs. Although Williams et al.4 noted no 
alteration in the mean toxic dose, 3 of the 8 dogs in- 
this study did show an increase in tolerance during 


acute hypercapnia. We have demonstrated previous- 


ly that tolerance, which in the young animal is 
greatly increased in comparison to the adult, is still 
further increased with hypercapnic acidemia.5 

Large increases in contractility occurred both in 


control cats and in those with hypercapnic or lactic nad 
acidemia after the same time interval of drug admin- < 


istration. Although no direct pharmacologic data are 


available, this finding suggests that the delay in the | : 


toxic electrophysiologic effects observed during aci- 


demia are not related to a delayed cellular uptake of ge 


digitalis. However, cellular uptake does not necessar- 


ily reflect cellular binding, and this observation a 


therefore does not preclude an alteration in drug 


binding at receptor sites. Since the demonstration by & 


Schwartz and Laseter,® Glynn?° and others11-13 that. | 
the Nat, K*+-adenosine triphosphatase (AtPase) 


membrane-bound enzyme system is specifically af: 


fected by cardiac glycosides, and that it actively and 
specifically binds cardioactive steroids, 14 this system 
has been considered to be the receptor site of the 
digitaloids. 

Biochemical basis for inotropic effects of glyco- 
sides: Our observation that lactic or hypercapnic 
acidemia does not alter the positive inotropic re- 


sponses within the therapeutic dose range might be __ 
anticipated if one considers the current concepts of | oe 
the biochemical basis for these responses. It has been —__ 
suggested that glycosides reversibly interact with a 


receptor to facilitate another contraction-dependent 
process that secondarily determines the extent. of the 
inotropic effect, and that this secondary system is 
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most likely the exchangeable calcium pool.!® Inhibi- 
tion of Nat, K+-ATPase would, by increasing the 
intracellular Na+ /K?+ ratio, increase the availability 
of free Ca++ for the contraction process. In acide- 
mia, the inverse relation between blood pH and extra- 
cellular potassium is well documented. Spurr and 
co-workers1®-17 have shown, however, that in acide- 
mia there is an inward movement of potassium into 
cardiac muscle cells which, since it is accompanied 
by water, does not change the intracellular potas- 
sium concentration. Thus, it might be expected 
that the positive inotropic effects of the glycosides as 
they relate to the Na+/K+ ratio would be unaltered 
during acidemia. 

Effects of propranolol: Beta adrenergic blockade 
was produced in the present study to eliminate sym- 
pathetic influences on the heart and thereby identify 
the direct contractility responses to acetyl strophan- 
thidin. In preliminary experiments in which pro- 
pranolol was not given, the increase in contractility 
was much less. This is of interest in view of the recent 
observations which suggest that cardiac slowing after 
administration of acetyl strophanthidin may be due 
to sympathetic withdrawal.18 Similarly, studies of 
the pressor responses to ouabain suggest that the 
drug induces a reflex withdrawal of sympathetic 
tone.!9 In addition, Dengler et al.2° have shown that 
ouabain inhibits the active uptake of catecholamines 
in cat heart muscle. These findings imply that ino- 
tropic support of ventricular function by the sympa- 
thetic nervous system might also be reduced. Never- 
theless, it has been demonstrated that catecholam- 


ines are clearly not necessary for the positive inotro- 
pic actions of digitalis, and in this study large incre- 
ments in ventricular function were elicited after ad- 
ministration of propranolol. 

When sympathetic support of the heart is elimi- 
nated by beta adrenergic blockade, left ventricular 
function is significantly reduced by acute lactic aci- 
demia.2! Similarly, the present study demonstrates 
that left ventricular function is unchanged during 
acute hypercapnic acidemia before beta blockade, 
but that after administration of propranolol, stroke 
volume, mean ejection rate and dP/dt are reduced 
by hypercapnia. Neither the absolute nor the per- 
centage increases observed with administration of 
acetyl strophanthidin differed from the increases in 
the nonacidemic cats. In the nonfailing heart, the 
initial level of contractility does not necessarily alter 
or determine the inotropic changes produced by digi- 
talis. Since sympathetic effects on myocardial con- 
tractility may be reflexly altered by digitalis glyco- 
sides, the validity of conclusions concerning the car- 
diac action of digitalis under conditions that pro- 
foundly affect sympathetic tone, as during hypercap- 
nic acidosis, may be questioned. It would seem rea- 
sonable to conclude that many of the quantitative 
and qualitative differences in reported findings may 
be attributed to differing levels of adrenergic stimu- 
lation. 
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Diphenidol, a new antiemetic, has been shown to be effective in treat- 
ing arrhythmias secondary to digitalis intoxication. In a control series 
of 20 dogs given toxic doses of digoxin, 14 dogs (67 percent) died in 
24 hours. In a second group of dogs, given a similar dose of digoxin 
followed by 0.5 to 4 mg/kg of diphenidol, there was only 1 death __ 
(P <0.001). His bundie electrograms were recorded in another series 








of dogs and demonstrated shortening of the A-H time with a maximal __ 


decrease (—20 + 4.7 percent) seen after administration of 0.5 to 
4 mg/kg of diphenidol. After administration of toxic doses of ouabain __ 
(>40 ug/kg), diphenidol (0.5 to 4 mg/kg) shortened the prolonged 
A-H time in these animals (~22.8 + 5 percent). In contrast, — 
diphenidol diluent alone exerted no significant effect. No change in. 
sinus rate of isolated right atrial preparations was seen until exposure 
to diphenidol (21 X 10-4 M), when a marked negative chronotropic 


effect was seen. Diphenidol was also observed to suppress a 


the enhanced ventricular automaticity induced by digitalis. Hemo- 
dynamic studies in the intact animal, after administration of 4 mg /kg 
of. diphenidol, demonstrated no significant effect on cardiac index, 
total peripheral vascular resistance, arterial pressure, stroke volume 
or coronary flow. In isolated cat papillary muscle diphenidol, in con- 
trast to equimolar doses of propranolol, demonstrated no significant 
negative inotropic effect until exposure to a level of 21 X 10€ M. 
in conclusion, the experimental data demonstrate that diphenidol 
possesses desirable antiarrhythmic properties especially for the treat- 
ment of digitalis-induced arrhythmias. 


The treatment of digitalis-induced arrhythmias still remains a clinical 
problem even with the administration of potassium or newer phar- 
macologic agents such as diphenylhydantoin, lidocaine and adrener- 
gic receptor blocking agents.1-® There are several major difficulties: 
(1) Adverse reactions are not uncommon with these agents such as 
disturbance of atrioventricular (A-V) conduction or hemodynamic 
depression; (2) these drugs are not consistently effective; and (3). not 
infrequently patients become resistant to therapy with these agents: 


Recent preliminary studies suggest that diphenidol (Vontrol®), a 


new antivertigo agent and antiemetic, may show promise as an effec- 
tive agent in the treatment of digitalis-induced arrhythmias: € The 
purpose of this study was to determine the electrophysiologic and 
hemodynamic effects of diphenidol in the normal and digitalis-in- 
toxicated heart. 
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Methods 


Effect of Diphenidol on Ventricular Tachyarrhythmias 
Secondary to Digitalis intoxication 


Twenty mongrel dogs unselected by age or sex, with 
> weights ranging from 12 to 17 kg, were anesthetized with 
intravenous sodium pentobarbital (20 to 30 mg/kg body 
weight). A lead II electrocardiogram was recorded on a 
multichannel (Electronics for Medicine, DR 16) photo- 
graphic recorder. A standard toxic dose of digoxin (0.15 
mg/kg) was given intravenously to produce a persistent 
arrhythmia. Within 30 to 60 minutes after the toxic ar- 
rhythmia was well established, 0.5 mg/kg of diphenidol* 
was given intravenously in a bolus injection. If the 
arrhythmia persisted or returned, or if another arrhythmia 
| developed within 3 hours, further similar doses were given 
up to and not exceeding a total dose of 4 mg/kg within the 
3 hour period. Continuous monitoring was maintained for 
“7 hours and then the dog was sent to the kennel. Electro- 
cardiograms were recorded again the next morning. The 
animal was observed for 6 days without further treatment. 

In an additional 20 mongrel dogs unselected by age or sex, 
with weights ranging from 10 to 16 kg, digoxin was given as 
described previously to produce digitalis intoxication. No 
attempt at treatment was undertaken although continu- 
ous electrocardiographic monitoring was maintained for 7 
hours. If the dog was still alive, it was sent to the kennel and 
observed for the following 6 days. 


Electrophysiologic Study of Diphenidol 


In 21 dogs weighing 18 to 25 kg, 3 different experiments 
were designed to ascertain the electrophysiologic proper- 
ties of diphenidol by examining its effects on (1) conduc- 
tion time in normal dogs; (2) conduction time in digitalis- 
intoxicated dogs; and (3) ventricular automaticity in nor- 
mal and digitalized dogs. 

In all experiments, dogs were initially given morphine 
sulfate (3 mg/kg subcutaneously) followed in 30 minutes 
by urethane (1 to 3 g intravenously) and pentobarbital (5 


mg/kg intravenously). Throughout an experiment addi- 


tional small increments of these drugs were given if need- 
ed to maintain a stable level of anesthesia. All dogs were 
intubated and ventilated with room air by means of a 
Harvard respirator. 


Effects of diphenidol on atrioventricular and intra- 
ventricular conduction time in normal dogs: To obtain 
His bundle electrograms, a No. 6 French bipolar electrode 
pacing catheter was introduced into a femoral vein and 
fluoroscopically positioned across the septal leaflet of the 
tricuspid valve.” His bundle electrograms were recorded 
simultaneously with a standard lead electrocardiogram on 
photographic paper by a multitrace oscillographic record- 
er (Electronics for Medicine, DR 8). 

Pacing was performed in the control stage of the experi- 
ment at rates of 110, 130, 150, 170, 190 and 210/min by 
using a Grass model S4 stimulator and stimulus isolation 
unit. The stimulus characteristics were an intensity of 10 
v and a duration of 2 msec. 

Measurements were made from the beginning of the 
first high-frequency component of the atrial spike to the 
His spike (A-H time), from the His spike to the onset of 
the Q wave (H-V time), and from the onset of the Q wave 
to the end of the QRS complex. Records were taken at 100 
and 200 mm/sec paper speed. Normal values in our labo- 


*Kindly supplied by Henry J. Aniage, MD of Smith, Kline and 
French Laboratories. 


ratory are: A-H time 59 to 120 msec; H-V time 35 to 50 
msec; QRS duration less than 110 msec. 

After control recordings were obtained, dogs were given 
diphenidol intravenously every 30 minutes in stepwise 
fashion in doses of 0.5, 1, 2, 4, 8, 16 and 32 mg/kg. At the 
end of each test period, repeat measurements were made. 

In a separate group of 5 dogs, the diphenidol diluent 
alone was infused in stepwise fashion in volumes equal to 
those for the drug plus diluent. The remainder of this 
study was similar to the protocol described for diphenidol. 
The diluent has the following chemical formula: Sodium 
tartrate 0.78 percent weight in volume, tartaric acid 0.5 
percent weight in volume, phenol 0.50 percent weight in 
volume and water for injection in sufficient quantity to 
add to 100 percent. The pH of this solution is 3.4. 

Effects of diphenidel on the digitalis-intoxicated 
heart: After control records were taken, digitalis intoxica- 
tion was produced in 7 dogs by an intravenous bolus injec- 
tion of 7.5 ug/kg of ouabain followed by continuous ouabain 
infusion at a rate of 2 ag /kg per min until the appearance of 
a stable unifocal or multifocal ventricular tachycardia. 
Immediately after spontaneous conversion to regular sinus 
rhythm, His bundle electrograms and a standard lead elec- 
trocardiogram were recorded, and diphenidol was then 
given in the same dosage as previously described; measure- 
ments were repeated 30 minutes after each administration. 

Effects of diphenidol on. ventricular automaticity in 
normal and digitalis-intoxicated dogs: With animals 
in the control state, right-sided vagotomy was performed, 
and the distal end of the sectioned right vagus nerve was 
stimulated (Grass stimulator model S4). The stimulus 
«characteristics were: intensity 5 to 10 v; frequency 30/sec; 
duration 3 msec; and total period of stimulation 30 sec- 
onds. Ventricular automaticity was evaluated by counting 
the number of ventricular escape beats during the stimu- 
dation period. For assessment of ventricular automaticity, 
the reproducibility of this method was confirmed by re- 
peated trials at the end of each experimental period. Con- 
trol recordings were made; diphenidol was given, in the 
game dosage as described, to 4 dogs. Thirty minutes after 
aach dose, vagal stimulation was carried out to evaluate 
ventricular automaticity in groups of 3 dogs during (1) the 
gontrol state, (2) in the digitalis-intoxicated state and, fi- 
nally (3) after administration of diphenidol. 


Hemodynamic Consequences of Diphenidol 


Six mongrel dogs unselected by age or sex, with weights 
ranging from 22 to 34 kg, were anesthetized with intrave- 
sous sodium pentobarbital (20 to 30 mg/kg). A tracheal 
cannula was connected to a Harvard pump for positive- 
pressure breathing with room air. A transthoracic incision 
was made between the fourth and fifth ribs. The pericar- 
dium was incised and, in 2 dogs, the left anterior descend- 
img coronary artery exposed, and a pulsed-field electro- 
magnetic flowmeter probe was placed around the coronary 
artery. A flowmeter probe was also placed around the pul- 
eae! artery to measure right ventricular output in 6 

pgs. 

A femoral artery was cannulated with a Teflon® cannula 
which was in turn connected to a P23AA Statham strain 
gauge pressure transducer. In all dogs the cannula was 
threaded to the root of the aorta for central aortic pressure 
measurements. The flowmeter probes were connected to 
electromagnetic flowmeters. Flow levels and computer 
readings, strain-gauge pressure and lead II of the electro- 
cardiogram were recorded on a multichannel (Electronics 
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Figure 1. Reversal of digitalis-induced arrhythmias. by dipheni- 
dol. A, lead || electrocardiogram obtained in the control state. 
‘B, after administration of toxic (see text) dose of digoxin. ©, 3 
minutes after intravenous infusion of diphenidol, 2.0 mg /kg. D, 
24 hours later. The vertical lines represent 1 second time 
marks. 
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-Figure 2.. Effect of diphenidol on. A-H time in normal dogs. 
. The vertical axis shows A-H time expressed as percent change 


- from control. The horizontal axis plots control (C) and the vari- 


< ous: doses of diphenidot given intravenously. Note the progres- 
-sive decrease of A~H time until the. 32 mg/kg dose when 
. A-H time returns toward control. The asterisks signify statistical 
(significance (P <0.05) of differences from. contro! (t test for 


| paired samples). The data ‘are plotted. as the means + SEM 


(no. = 8). 


for Medicine, DR 16) photographic recorder. The femoral 
vein was also cannulated for fluid administration. After 
taking these control readings 5 minutes apart to ensure a 
steady state, diphenidol (4.0/kg) was given in a single in- 
-traveneus bolus injection. Regional flow and pressure lev- 
-els were recorded 5 and 10 minutes after diphenidol was 
given. The flow results described were those of the elec- 
tromagnetic flowmeter calculated by. an integrator-com- 
. puter for a period of 60 seconds, although the instantane- 
ous flow was also recorded to-correlate and assess factors 
that. affect phasic blood flow and to ensure that the com- 
puter was not integrating spurious results. Statistical 


. comparison of these data was obtained by analysis of the 


mean percentage change from control values by paired 
Student’s ¢ test. 


In Vitro Studies 


-> Cats were anesthetized with 40 mg/kg of sodium pento- 
_. barbital intraperitoneally. With the methods previously 
> described, right ventricular papillary muscles and isolated 
© tight atria were rapidly removed and placed in Krebs bi- 

carbonate solutions at 30 C, and aerated with 95 percent 
oxygen and 5 percent carbon dioxide.!° Each atrium con- 
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Figure 3. Toxic effect.of diphenidol. A, control His bundle. re- 
cording (HBE) (above). with A, H and V signifying low right atrial; 
His bundle. and ventricular electrograms, respectively, The 
lower trace represents a lead {| electrocardiogram. The heart 
rate (HR), A-H and H-V times are at right. Vertical lines repre- 
sent 1 second time marks: B, recorded 30 minutes after admin- 
istration of 16.0 mg/kg diphenidol intravenously. Note, the slight 
slowing of heart rate, the increase in P-R interval, A-H and 
H-V times associated with a marked change in QRS configura, 
tion. > n . 


tracted spontaneously, while each papillary muscle was ae 


stimulated at a rate of 12 beats/min by means of plati- 
num mass electrodes at a voltage 10 percent above thresh- 
old. Isometric force (Hewlett Packard FTA-100-1 strain 
gauges). was recorded at the tope of the length-tension 
curve. After 2 hours ‘of equilibration, cumulative dose 
response curves were obtained with the addition of loga- 
rithmic doses (108 M to 10+ M; molecular weight 
309.43) of diphenidol (6 muscles and 6 atria) or proprariol- 
ol (11 muscles). 


Results 
Treatment of Digitalis Toxicity with Diphenidol 


Diphenidol-treated animals: In a series of 20. _ 


dogs made digitalis-toxic, as shown by the establish- 
ment of sustained ventricular arrhythmias, and then 
treated with diphenidol to a total dosage of 4 mg/kg 
over a 3 hour period, only 1 animal died during the 
week of observation (Fig. 1). The response to initial 
diphenidol therapy was prompt with return to sinus 
rhythm in less than 5 minutes in all instances. Lower 
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Figure 4. Effect of diphenidol on A-H time after administration 
of toxic doses of digitalis. On the vertical axis is seen the A-H 
time in percent change from control values, and on the horizon- 
tal axis is seen the control (C), the toxic dose of digitalis (Dig) 
and, subsequently, administration of increasing doses of diphen- 
idol. Toxic doses of ouabain prolonged A-H time by 15 percent 
(P <0.05). Diphenido!l produced maximal shortening of the digi- 
talis-induced A-H prolongation after administration of 1.0 
mg/kg intravenously (a 20 percent shortening, P <0.05). Ad- 
ministration of 32 mg/kg was associated with a significant in- 
crease in A-H time above that of the digitalis-intoxicated state 
(P <0.05) (ttest for paired samples). 


initial doses of diphenidol were used in the first 
group of animals (0.5 and 1 mg/kg); thus there was 
repeated drug administration in some dogs. 

Control animals: In the control series of 20 ani- 
mals rendered digitalis-toxic in a similar fashion, but 


not treated with diphenidol, 13 animals died within 


the first 24 hours (usually of sinus arrest), and no 
conversion of arrhythmias was seen. This represents 
a mortality rate of 65 percent and is significantly dif- 
ferent from that observed in animals treated with di- 
phenidol (P <0.001). 


A-V Conduction 


Diphenidol was found to shorten significantly the 
A-H time in normal dogs (Fig. 2). In the 8 dogs 
studied, including 4 that were unilaterally vagoto- 


80 
60 
40 


20 





ATRIAL RATE-BEATS/MIN. 


c 7 6 
-LOG MOLAR CONCENTRATION 


5 4 


Figure 5. Effects of diphenidol on spontaneous rates of isolat- 
ed cat right atrium. The vertical axis represents beats/min and 
the horizontal axis represents various molar concentrations of 
diphenidol. There was no significant change frorm-controt until a 
concentration of 1 xX 104 M of diphenidol. was achieved, 
when a pronounced negative chronotropic effect was observed. 
Values are plotted as mean + SEM {no. = 6). Asterisk sig- 
nifies P <0.005 (ttest for paired samples). 
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Figure 6. Effect of diphenidol.on ventricular automaticity. The 
vertical axis represents beats/30. sec during vagal stimulation, 
and on the horizontal axis are shown control values (C), values 
after administration of toxic doses of ouabain (Dig) and after 
various doses of intravenous diphenidol. Open symbols repre- 
sent results obtained after diphenidol. No significant effect was 
seen until administration of a dose equal to or greater than 4.0 
mg/kg of diphenidol when enhanced automaticity was observed. 
Closed symbols represent the results obtained after administra- 
tion of toxic doses of ouabain, Note the pronounced enhance- 
ment of ventricular automaticity after administration of ouabain 
(P <0.001). Subsequent administration of diphenidol resuited in 
depression of automaticity with a most marked effect seen after 
administration of 8 mg/kg (P <0.05). Values. are expressed as 
mean + SEM (no. = 8) (t test for paired samples). 


mized, shortening of A-H time in proportion to the 
stepwise increment of drug administration was seen. 
Progressive shortening in A-H time was observed 
with maximal shortening seen after a dose of 8 mg/ 
kg. With administration of a dose of 32 mg/kg A-H 
time returned toward normal (Fig. 2). No significant 
change was seen in H-V time or intraventricular 
conduction time when diphenidol 0.5 to 8 mg/kg was 
given. Markedly prolonged H-V and intraventricular 
conduction times associated with the widening of the 
His bundle electrogram and QRS complex were seen 
when diphenidol was given in doses equal to or 
greater than 16 mg/kg (Fig. 3). 

Diphenidol was also effective in shortening digi- 
talis-induced A-H prolongation in 10 dogs (Fig. 4). 
A-H time was prolonged (mean +15.0 percent) during 
digitalis intoxication, and was significantly short- 
ened by the administration of diphenidol. A maximal 
effect was seen after a dose of 1 mg/kg with a 20 per- 
cent decrease in A-H. time. Stepwise adminis- 
tration of diphenidol from 2 to 8 mg/kg resulted in a 
slight increase in A-H time, but the A-H time still 
was shorter than after the development of digitalis 
intoxication. A-H time was prolonged in excess of 
the digitalis-induced A-H time when the dose of di- 
phenidol was equal to or greater than 16 mg/kg. 


Automaticity 


Sinoatrial node: The effects of diphenidol on the 
sinoatrial nodal rate were studied in 6 isolated cat 
right atrial preparations.* There was no significant 


*This preparation was. used to lessen the effects of anesthe- 
sia and eliminate reflex changes in autonomic tone on the basic 
sinus rate. 
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change from the control sinoatrial node rate until 1 
x 10-4 M concentration was achieved and then a 
marked negative chronotropic effect was noted (Fig. 
5). 


Ventricular automaticity: In doses of less than 
4 mg/kg no effect was shown in normal dogs (Fig. 6). 
However, diphenidol (0.5 to 8 mg/kg) produced a 
moderate depression of ventricular automaticity 
after digitalis intoxication was induced. In contrast, 
enhancement of ventricular automaticity was noted 
after administration in doses of 4 mg/kg or greater in 
normal dogs. 


; ; ‘Hemodynamic Studies of Diphenidol 


The effect of diphenidol on developed isometric 
force was tested in 6 isolated cat papillary muscles. 
No significant change was noted until a concentra- 
tion of 5 x 105 M was achieved, when a negative 
inotropic effect was observed. This negative inotropic 
effect progressed as the diphenidol concentration was 
greater (Fig. 7). For comparison 11 similar isolated 
cat papillary muscles were exposed to similar molar 
concentrations of propranolol and the results plotted 
on the same graph. A slight negative inotropic effect 
was seen at a concentration of 1 x 10-6 M. Isometric 
tension decreased to 75 percent of control at 1 x 
105 M with propranolol, whereas no change in per- 
cent isometric force was seen with diphenidol at this 
same concentration. This disparity still is demon- 
strable at concentrations of 1 x 10-4 M (Fig. 7). 

Diphenidol (4 mg/kg) given in an intravenous 
bolus injection in the intact animal caused the mean 
heart rate to fall from a resting level of 161 to 130 
beats/min (P <0.005) 5 minutes. after injection 
{Table I). Ten minutes after injection mean heart 

tate was still reduced at a level of 131 beats/min (P 
<0.001). The bolus injection of diphenidol produced 
no statistically significant effect on mean cardiac 
index, total peripheral vascular resistance, arterial 
blood pressure, stroke volume or coronary arterial 
blood flow, 5 and 10 minutes after injection (Table 
I). 


Effect of Diluent 


In 5 dogs infused with increasing volumes of di- 
phenidol diluent alone, no change was demonstrated 
in heart rate, A-H or H-V time, P wave or QRS con- 
figuration. 


Discussion 


Digitalis intoxication still remains a significant 
` clinical problem because it may produce tachyar- 
rhythmias or marked conduction disturbances, either 
of which may prove fatal. The incidence of digitalis 
intoxication, based on studies of hospitalized pa- 
tients, has been shown to be as high as 22 per- 
cent, 11-12 with 80 percent of these patients exhibiting 
arrhythmias of various types.2 Among these arrhyth- 
mias, the ventricular tachyarrhythmias and severe 
degrees of A-V conduction disturbances are the most 
life-threatening. Therefore, the ideal agent for the 
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Figure 7. Effect of diphenidol and propranolol on myocardial 
contractility in isolated cat papillary muscles. The. vertical axis 
represents, isometric force expressed as percent of control. The 
horizontal axis represents values for the control state (C) and. 
after exposure to various molar concentrations of diphenidol. No ah 
significant change is seen after exposure to 1 X 10°° M die 
phenidol which is in contrast to depression of contractility (75 
percent of control) with propranolol (P <0.001). This disparity 
was also seen after exposure. to 1 X 10 M concentrations.” 
Values expressed as mean + SEM (no. = 6 diphenidol, no. = 11). 
propranolol) (t test for paired samples). 





treatment of digitalis-induced arrhythmias would: 
have 2 main pharmacologic properties: (1) capacity _ 
to reverse the prolongation of A-V conduction in- 
duced by digitalis, and (2) ability to suppress digi- 
talis-induced enhanced ventricular automaticity. 

Preliminary observations have suggested that di- 
phenidol may hold promise as an agent for the treat- 
ment of arrhythmias secondary to digitalis overdos- 
age.7.8 This agent, alpha-diphenyl-1-piperidinebu- 
tanol, is a new antivertigo and antiemetic com- 
pound, not related to the antihistamines, phenothia- 
zines, barbiturates or other agents with antivertigo © 
or antiemetic action. The drug apparently exerts its 
antiemetic effect primarily by inhibiting the chemo- = 
receptor trigger zone, as evidenced by its activity in © 
blocking emesis induced by apomorphine in 
dogs. 13.14 

Mechanisms of. beneficial effects in digitalis 
toxicity: Our results indicate that diphenidol dem- © 








TABLE | 


Effect of an Intravenous Bolus Injection of Diphenidol 
(4 mg/kg) in 6 dogs 





After Atter 
5 { 





Mean Control Minutes Minutes 
Heart rate (beats/min) 161 130* 131* 
Cardiac index (liters/min per m3) 1.74 1.76 1.62 


Total peripheral vascular resistance 4.60 4,59 4.92 05 
(103 dynes sec cm~) 





Arterial blood pressure (mm Hg) 100 96 97 Se 
Stroke volume (ml/beat} 11.4 14.4 Bo 
Coronary arterial blood flow 14.0 14.4 13.6 

(ml /min)+ 

* P <0.05. 

+ Two dogs cnly. 
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onstrates its effectiveness as an agent for the treat- 
ment of digitalis toxicity in 2 ways. One is an effect 
on reversing the A-V conduction prolongation, espe- 
cially intranodal (A-H time), produced by digitalis 
excess. This digitalis-induced A-V conduction dis- 
turbance is due to a direct depressant effect on the 
A-V node as well as to a vagotonic effect.1518 Di- 
phenidol’s effect on A-V conduction in the digitalis- 
toxic animal may be due to direct digitalis antago- 
` nism because diphenidol, in the “therapeutic” range, 
did not show any parasympatholytic or sympatho- 
mimetic action in this study, that is, effects on heart 
“rate. Diphenidol’s effect on A-V conduction was not 
restricted to the digitalis-intoxicated state as seen by 
the data on diphenidol’s acceleration of A-H con- 
duction in the normal heart. Diphenidol’s second ef- 
< fect is the depression of enhanced ventricular auto- 
- maticity induced by digitalis intoxication. The com- 
bination of these 2 factors plus the lack of any signif- 
¿icant depressive effect on hemodynamic measure- 
ments would suggest that diphenidol may be an 
ideal agent in the treatment of digitalis-induced ar- 
rhythmias in the clinical setting. 

Advantages over other antiarrhythmic agents: 
Prior studies have described the use of a variety 
of agents for the treatment of arrhythmias secondary 
to digitalis intoxication.‘ Although these agents 
were found to be relatively effective, factors such as 

~ adverse effects on hemodynamics, further prolonga- 
tion of A-V conduction and precipitation of arrhyth- 
~ mias have tended to limit their usefulness. 

Diphenylhydantoin, an agent thought to possess 
-the ideal electrophysiologic properties for the treat- 
ment of digitalis-induced ventricular arrhythmias, 
shortens the digitalis-induced prolonged A-V con- 
duction time and depresses the enhanced ventricular 
automaticity secondary to administration of digital- 
is.19.20 However, intravenous diphenylhydantoin has 


been associated with various serious arrhythmias in- 
cluding asystole and ventricular fibrillation as well 
as depression of cardiac function.?1-?3 

Quinidine, as the prototype antiarrhythmic agent, 
is associated with prolongation of intraventricular 
conduction even with serum levels within the thera- 
peutic range.2* Possibly this prolongation of intra- 
ventricular conduction increases the potential for the 
development of reentrant ventricular arrhyth- 
mias.25-26 This would not be expected with dipheni- 
dol since dose ranges associated with maximal thera- 
peutic and electrophysiologic effects did not prolong 
intraventricular conduction. However, diphenidol 
did produce prolongation of QRS duration and H-V 
time when clearly toxic doses (equal to or greater 
than 16 mg/kg) were administered. 

Alterations in hemodynamic measurements are 
frequently associated with treatment with the pres- 
ently available antiarrhythmic agents. Dipheny]- 
hydantoin in the physiologic dosage range (5 to 10 
mg/kg) has been found to depress myocardial func- 
tion. This was manifest by a decrease in dP/dt, car- 
diac output, right and left ventricular contractile 
force and blood pressure associated with an increase 
in left ventricular end-diastolic pressure. Similar 
studies with physiologic doses of lidocaine and pro- 
cainamide have shown a decrease in contractile force 
and blood pressure associated with peripheral vaso- 
dilation. 30-31 

Clinical implications: The results of this study 
have shown that diphenidol, in doses of 0.5 to 8 
mg/kg intravenously, has desirable properties for the 
treatment of arrhythmias secondary to digitalis in- 
toxication, In addition, the experimental data 
suggest that further investigation of antiemetic or 
antivertigo agents should be carried out since these 
drugs may be a possible source of new antiarrhyth- 
mic agents. 
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A new technique for the transvenous implantation of a specially de- 
signed atrial sensing electrode is described. In combination with a 
ventricular stimulating electrode and an atrial-controlled pacemaker, 
the method enables synchronization of atrial with ventricular activity. 
The atrial sensing electrode is put into the right atrial appendage 
through a preshaped radiopaque Teflon applicator catheter. Two 
hooks on the: electrode tip provide for safe and secure anchoring of 
the electrode:tip to trabeculae of the atrial appendage. The technique 
has been used for synchronous P wave pacing in 12 patients with 
complete atrioventricular block, most of them suffering from Adam- 
Stokes attacks. Three additional patients with sinoatrial block were 
treated by means of anchored atrial electrodes. Observation periods 
of up to 39 menths showed no dislocation of any of the anchored atrial 
electrodes, and performance in all patients was faultless. 


Of the different methods for implanting electrical pacemakers, the 
transvenous-endocardial technique has come to the fore in recent 
years. This approach is superior to the use of myocardial and epicar- 
dial electrodes since the surgical risk is considerably reduced, inas- 
much as the pacemaker is implanted under local anesthesia without 
need for either thoracotomy or pericardiotomy. The method thus far 
has been used with pacemakers equipped with a single ventricular 
electrode, as ia fixed-rate and ventricular-controlled pacing. 

Atrial-controlled pacemakers, with 1 sensing electrode in the atrium 
and 1 ventricular electrode, have so far been placed transthoracically. 
The need for major surgery may explain the relatively infrequent use 
of atrial synchronous pacemakers in most hospitals, although their 
use in comparison with fixed-rate pacemakers provides physiologic 
coordination between atrial and ventricular activity and adjustment 
of the heart rateto the imposed load. ah 

Gilmore et al? and Samet et al.” reported that with synchronized 
pacing the cardiac output increased beyond that achieved through 
asynchronous ventricular pacing by about 20 percent of the initial 
value. Therefore, atrial-controlled pacemakers seem to be desirable in 
most patients. Their use should not be limited to younger, still work- 
ing patients, ance they are of particular value to aged patients with 
established cardiac damage. The obvious advantages of atrial syn- 
chronous pacemaking justify past efforts to develop techniques for 
atrial detector electrode implantation by which thoracotomy can be 
avoided. In 1985, Carlens et al. reported a method of transmedias- 
tinal implantation of the atrial sensing electrode by means of a medi- 
astinoscope. Im 1967, Schaldach et al.* recommended a transvenous- 
endocardial approach to the heart, the control electrode being 
attached by means of platinum rings to a common ventricular elec- 
trode. Smyth et al.5 implanted hook-shaped prestressed atrial elec- 
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Figure 1. Nonoperatively implarited transvenous anchored at- 
rial electrode: tip construction, introduction, fixation and means 
for removal. 


trodes. Similar procedures have been described by 
Dodinot et al.,6 Faivre et al.,?7 Rodewald et al.,8 
Kramer and Moss,® Kastor et al.1° and Castillo 
et al.14 

The foregoing techniques have not had wide clinical 
use, since none provides means for stable fixation of 
the sensing electrode in the atrium. Bruck!? suggested 
that atrial sensing electrodes could be applied by 
transseptal puncture technique, but clinical experi- 
ence with this technique has not yet been reported. 
Our group has devised, and first used in man in 
August 1968, a technique enabling safe fixation in the 
right atrium of a transvenously introduced atrial 
sensing electrode. 


Method 


The tip of the sensing electrode is shown in Figure 1. 
The feed unit of the electrode catheter consists of an Elgi- 
loy spiral. The electrode tip is formed by 2 fine wire hooks 
of the same material, each ending in a relieving loop, thus 
providing the necessary flexibility to the hooks. The insu- 
lating material used for the catheter electrode is silicone 
rubber. The sensing electrode has at its tip 2 fine hooks or 
barbs, each 7 mm long: These are used to anchor the tip 
of the electrode in the trabeculae of the right atrial ap- 
pendage. 

The “fishhook” electrode catheter is introduced through 
the exposed external jugular vein, which is ligated periph- 
erally, and, over the properly positioned anchored elec- 
trode. The internal jugular vein may be used when neces- 
sary, in which case the vein is closed and the electrode 
stabilized by means of a single purse-string suture. 

Needed instruments include a guide wire (0.9 mm by 
150 cm), a radiopaque, conically tipped polyethylene 
catheter (8F, 80 cm), and an applicator tube of radio- 
paque Teflon® (Cook, Bloomington, Indiana, TRT, 12F, 45 
cm). The applicator is a pre-curved metal rod with a 
hook-shaped tip (Fig. 2). 

The implantation is performed as follows: First, the 
guide wire is passed during fluoroscopy by way of the open 
vein into the right atrium, and the 8F catheter and outer- 
most. 12F applicator tube are passed over it. When the 
‘wire and inner catheter are removed, the end of the Tef- 

-lon applicator, now resting in the right atrium, regains its 
hook shape and can then be manipulated by rotation into 
the atrial appendage (under fluoroscopic control), and its 
position checked by the injection of contrast medium. The 
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Figure 2. Applicator catheter. Above, curved wire for preshap- a 














ing catheter. Below, curved applicator catheter with coaxial o 


inner polyethylene catheter. 





Figure 3. Atrial sensing electrode and ventricular stimulation 
catheter placed without thoracotomy. 


barbed electrode, lubricated by silicone oil and stiffened 
by a mandrel, is introduced through the lumen of the ap- 
plicator. During its introduction, 2 barbs or hooks on the 
end of the electrode are pressed together. When the tip of 
the electrode leaves the applicator, these hooks are freed 
to unfold within the appendage and anchor its trabecular 
system. The applicator is carefully withdrawn over the elec- 
trode catheter, slight forward pressure on the electrode 
protecting its connection in the appendage. The stiffening 
wire mandrel is then withdrawn. If the electrode barbs are 
inadvertently detached from the atrial appendage during 
mandrel removal, reanchoring is done by repositioning the 
curved applicator tube. 

Should an unanchored sensing electrode be swept into 
the ventricle, it can easily be drawn close to the applica- 
tor in the atrium. If an electrode is to be exchanged for 


another, it can easily be removed through the applicator 


since the hook spreading mechanism is reversible. 

The ventricular stimulation catheter electrode, put in 
through a cephalic vein, is routinely inserted before the 
sensing electrode for reasons of safety (Fig. 3). The proce- 
dure is performed with the patient heparinized. Connec- 
tion to the infraclavicular-implanted, atrial-controlled 
pacemaker is made after measurement of the atrial activity 
potential and a performance check of synchronous stimu- 
lation. 

Trigger sensitivity of the Biotronik-IVP-pacer is set at 
0.5 mv, a level appropriate to the signal picked up by the 
atrial sensing fishhook electrode. Despite the relatively 
high input sensitivity, interference is not significantly in- 
creased, since the pacemaker is encapsulated in a case of 
austenitic chromium-nickel-molybdenum steel, which acts 
as the indifferent electrode in the stimulation circuit. 

The signals from the atrial sensing electrode after am- 
plification are used to trigger a monostable multivibrator. 
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Figure 4. 2:1 A-V block in a 54 year old woman. Before (A) 
and 2 years after (B) pervenous electrode implantation of atrial- 
triggered pacemaker. 


An “atrioventricular” delay of 120 msec precedes activa- 
tion of the output circuit and the production of a stimu- 
lating impulse at the ventricular electrode. The pacemak- 
ers (Biotronic IVP-44 and IVP-54) used in the procedure 
are basically designed to provide atrial synchronous oper- 
ation within a frequency range of 70 to 140 beats/min. 
Automatic blocks built into the electronic circuit main- 
tain the ventricular rate within this range, thus prevent- 
ing inadequate or excessive ventricular rates. To this end, 
.. each stimulating impulse is followed by a period during 
` which all signals from the amplifier will be suppressed by 
'.the timing circuit. This pacemaker refractory period, set 
at 400 msec, determines the maximal synchronous rate. If 
the upper limit of 140/min is exceeded, a frequency divid- 
er built into the pacemaker circuit provides a properly 
phased 2:1 ventricular stimulation signal. The maximal 
rate for a 2:1 block is also limited by the refractory peri- 
od of the pacemaker, and a shorter refractory period is re- 
quired if a higher maximal rate is desired. In the event. of 
atrial rates below the lower limit of 70/min, malfunction 
or fracture of the atrial pickup lead, or arrhythmias such 
as atrial flutter and fibrillation, the timing circuit pro- 
vides automatic nonsynchronous ventricular stimuli at 
70/min, preventing either block or externally induced 
“pacemaker tachycardia.” 





Figure 5.. Extreme sinus bradycardia in a 62 year old man. Be- 
fore (A) and 6 months after (B) pervenous implantation of an 
anchored atrial electrode coupled to a fixed-rate pacemaker. 


Results 

Atrial synchronous systems have so far been im- 
planted by this method in 12 patients (age range 17 
to 72 years) with atrioventricular (A-V) block at the 
Centre of Cardiovascular Research of the Charité 
Hospital in East. Berlin (Fig. 4). In addition, 3 pa- 
tients with sinoatrial (S-A) block or extreme sinus 
brachycardia (Fig. 5) were treated by the introduc- 
tion of an atrial electrode coupled to the output of a 
fixed-rate pacer system. The follow-up period has 
been more than 30 months in 2 patients, from 21 to 
30 months in 3, from 11 to 20 months in 3, from 6 
to 10 months in 4, and from 1 to 5 months in 5, The 
maximal follow-up period thus far has been 39 
months. In no instance was an atrial electrode dislo- 
cated. : 

Transient sensing failure, occasionally evident im- 
mediately after implantation, but in all cases cor- 
rected after 2 to 5 days, is attributed to traumatic 
edema or hematoma at the site of implantation. In 
this series, the long-term performance of these 
transvenously implanted, anchored atrial electrodes 
has been faultless. 
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Alprenolol, a new beta adrenergic receptor blocking agent, was 
evaluated as an antiarrhythmic drug in 49 patients with 78 episodes 
of premature contractions or tachyarrhythmias of supraventricular 
or ventricular origin. A clinically and statistically significant reduction 
in frequency of premature contractions was obtained. In addition, a 
clinically and statistically significant reduction in ventricular rate 
occurred in those patients with tachyarrhythmias. No severe adverse 
effects were noted during the study. The results indicate that al- 
prenolol can be used safely and effectively in the treatment of cardiac 
arrhythmias occurring during acute myocardial infarction. Congestive 
heart failure was not considered a contraindication when it was 
judged clinically that the arrhythmia aggravated the heart failure. 


Beta receptor blocking agents have assumed importance in cardio- 
vascular therapy since the introduction of propranolol for clinical use. 1 
Although these drugs have proved to be effective antiarrhythmic 
agents,?~14 little has been reported regarding their usefulness in the 
management of arrhythmias that occur during acute myocardial in- 
farction. 13717 

This report presents clinical data which show the beneficial effects 
of alprenolol, a new beta receptor blocking drug, in patients with 
arrhythmia seen in the coronary care unit. Seventy percent of the 
patients had acute myocardial infarction diagnosed by any 2 of the 
following: history, serial electrocardiographic findings or results of 
serial serum enzyme studies. 


Material and Methods 


Forty-nine patients with 78 episodes of tachyarrhythmias were treated 
with alprenolol in this study. The patients ranged in age from 18 to 66 years; 
33 were male and 16 female. A number of patients presented several episodes 
of the same arrhythmia or several episodes of different arrhythmias. 

Twenty-seven episodes of premature ventricular contractions were studied. 
There were 10 episodes of ventricular tachycardia, 24 of atrial fibrillation, 3 
of atrial flutter and 13 of supraventricular tachycardia (atrial or junctional). 
Eighty-one percent of patients had some degree of heart failure assessed 
clinically before therapy (Table I). The presence of a ventricular gallop (S3) 
with or without rales at the lung bases was considered a manifestation of 
“mild” left ventricular failure; the same finding coupled with rales occupying 
more than a third of both lung fields was classified as “moderate” left ven- 
tricular failure. Three episodes were accompanied by frank pulmonary edema 
(4.7 percent). No patient had cardiogenic shock. The serum electrolyte data 
was normal. The majority of episodes occurred during the first 5 days of an 
acute myocardial infarction. In 3 patients, the arrhythmia was thought to be 
related to digitalis excess. Other probable causes for the arrhythmias were 
hypoxia, left ventricular failure and hypokalemia. Immediate suppression of 
the rhythm disturbance was deemed necessary on a clinical basis. 
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TABLE | 


Number of Episodes and Degree of Heart Failure in Patients 

Treated with Alprenolol 

ag E A 
Heart Failure 





no. of 

Arrhythmia Cases Mild Moderate Severe 

DEN ees oe EE eee 
Atrial fibrillation 24 9 9 1 
Atrial flutter 3 1 1 1 
Supraventricular tachycardia 13 6 6 1 
Ventricular tachycardia 10 7 d 0 
Premature ventricular 28 16 2 0 

contractions 

Total 78 39 21 3 


pe a LE 


TABLE Il 


Doses of Alprenolol and Type and Number of 
Arrhythmic Episodes 


a 


Arrhythmic Episodes 





Dose 
(mg) Total no. Type 
a E ee 
2 L Ventricular tachycardia 
3 3 Nodal tachycardia, atrial fibrillation, 
ventricular tachycardia 

Atrial tachycardia (2); atrial fibrillation, 
ventricular tachycardia, premature 
ventricular contractions (2) 

Sinus tachycardia, atrial tachycardia, atrial 
fibrillation (5), premature ventricular 
contractions (5) s 

Atrial tachycardia (2), nodal tachycardia, 
atrial fibrillation (3), ventricular 
tachycardia (3), premature atrial 
contractions, premature ventricular 
contractions (3) 

Sinus tachycardia, premature ventricular 
contractions 

Atrial fibrillation, ventricular tachycardia, 
premature ventricular contractions (6) 

Sinus tachycardia (2), nodal tachycardia (2), 
atrial fibrillation (5), atrial flutter, 
ventricular tachycardia (3), premature 
ventricular contractions (6) 

Atrial fibrillation (2), atrial flutter, premature 
ventricular contractions 

Atrial fibrillation 

Atrial fibrillation (3), atrial flutter 

Atrial fibrillation (2), premature ventricular 
contractions 


4 6 


5 14 


10 19 


m 
a 
> 














Figure 3. Slowing of atrial flutter to 4:1 
A-V conduction after intravenous adminis- 
tration of alprenolol, 10 mg. 
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Figure 1. Elimination of multifocal ventricular ectopic beats 
with alprenolol; times and doses are shown. 
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Figure 2. Atrial fibrillation with ventricular rate averaging 
144/min. Middle tracing shows blocking effect of alprenolol 
on A-V transmission. Bottom strip shows conversion to sinus 
rhythm soon after intravenous administration of 12 mg of 
alprenolol over 12 minutes. 





HERH REREN ini | 
E Te 
HG ERE tn A 
pe pe EY eee, AA. 
A TEU NM YEM N EEA lls AN ll N 

TEAR a 


PE eed] A EEUaA Rea HES aes Eas ESL 














UG He ee at 


ae a . ey a L 















sal 
EN HE EMEA ce a i 
SE ES ir ad E 


THEE IRE HHRH 





HE 
Hi 


tHE 

















an (8. 44 ANIM Tha Amasinan lanrenal af Cardialanu Valuma N 


Alprenolol was infused intravenously as a 0.1 percent 
solution. The infusion was administered at the rate of 1 ml 
(1 mg of alprenolol)/min until an antiarrhythmic effect was 
observed or an adverse effect occurred. No more than 20 
ml (20 mg) of alprenolol was administered to any patient. 
The various doses employed are summarized in Table II. 
Cuff blood pressure determinations were made before, 
immediately after and 1 hour after administration of al- 
prenolol. Lead II of the electrocardiogram was constantly 
observed on the oscilloscope and recorded at conventional 
paper speed as needed. Atropine sulfate, 1 mg, as well as 
isoproterenol (0.2 mg in 100 ml of 5 percent dextrose in 
water) was at hand to counteract sinus bradycardia or high 
degrees of atrioventricular (A-V) block that may result 
from beta adrenergic blockade. 


Results 


Premature contractions: Twenty patients with 
premature ventricular or atrial contractions were 
treated on 28 occasions with 4 to 20 mg of alprenolol 
(Table III, Fig. 1). The average frequency of pre- 
mature contractions before therapy was 45.5 + 3.8 
percent. After administration of alprenolol the fre- 
quency of premature contractions was reduced by 50 
percent or more in all but 1 patient within 30 minutes 
after the start of the alprenolol infusion. 

Tachyarrhythmias other than premature con- 
tractions: In the second series of patients with 

tachyarrhythmias of sinus, atrial, nodal or ventricu- 
lar origin, alprenolol again was infused at the rate of 
1 mg/min until an effect was observed or a maxi- 
mum of 20 mg was administered. The amount of al- 
prenolol administered in this group ranged from 2 to 
20 mg. The ventricular rate decreased from an aver- 
age of 142 + 5.1 before alprenolol therapy to a low of 
87 + 3.0 beats/min within 5 to 60 minutes after the 
start of alprenolol therapy (P <0.01) (Fig. 2 to 4, 
‘Table IV). 

Apical heart rate and blood pressure in patients 
with ventricular arrhythmias: The antiarrhyth- 
mic action of alprenolol also could be demonstrated 
by simple recording of apical heart rate. In patients 
with ventricular arrhythmias the heart rate before 
therapy was 104 + 5.5 beats/min. Immediately after 
cessation of alprenolol infusion, the heart rate de- 
creased to 81 + 2.5 beats/min, and 1 hour after ad- 
ministration of alprenolol the rate was 77 + 2.5 
beats/min. This statistically significant reduction (P 
<0.001) in heart rate corresponds to the:reduction in 
frequency of premature ventricular contractions and 
the slowing of ventricular tachycardia observed elec- 
trocardiographically in these same patients. 

The mean blood pressure for this group of patients 
was recorded before, immediately after and 1 hour 
after alprenolol administration. No change in dia- 
stolic pressure was observed in the group. However, 
systolic pressure increased consistently from an aver- 
age of 109 + 4.1 mm Hg before alprenolol therapy to 
111 + 3.9 immediately after therapy and 111 + 3.8 1 
hour after therapy. The slight change in blood pres- 
sure was considered important only in that a de- 
crease did not oecur. This increase in systolic pres- 
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sure probably reflects the suppression of extrasystolic = 
activity and, thus, greater efficiency in cardiac 
emptying. An alternate explanation may be arterial 
vasoconstriction due to unopposed alpha stimulation 
after acute beta blockade. 

Apical heart rate and blood pressure in patients 
with supraventricular arrhythmias: The apical 


TABLE IH 


Response to Alprenolol in 28 Episodes of Arrhythmia 
in 20 Patients . 





Frequency of Premature Contractions (beats/min) 
Before and Atter Alprenolol 





Minutes After Infusion 





Control 1-2 3-5 6-15 
Mean 45.5 22.7 Li 2.4 
+SD 20.2 27.4 4.7 6.4 
+SE 3.8 10.4 1.1 2.4 
no. 28 7 18 7 





TABLE IV 


Response to Alprenolol in 50 Episodes of Arrhythmia 
in 42 Patients 











te ==  Alpre- 
Control 1-2 3-5 





Mean 143.3. 116.2 99.4 84.5 87.0 76.5 87.0 
SD 35.4 36.9 22.1 17.5 18.6 15.2 20.7 
ck SE 5.1 10.2 3.9 5.5 6.6 5.1 3.6 
no. 48 13 32 10 8 9 47 





* Difference from the contro! column is statistically significant 
at the level of P = 0.001. 

















9:31 A.M. ALPRENOLOL 6 mg 





Figure 4. Supraventricular tachycardia (upper strip) was. con- 
verted to sinus rhythm in 4 minutes after intravenous admiris- 
tration of alprenolol, 6 mg. Note first degree A-V block which 
was present prior to the arrhythmia. 
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TABLE V 


Relative Amounts of Propranolol and Alprenolol Used to 
Achieve Similar Therapeutic Effects 


SRON E a 





Intravenous Intravenous 
Alprenolol Propranolol 
Average Average 
Episodes Dose Episodes Dose 
Arrhythmia (no.) (mg) (no.) (mg) 
ice AY Gn MN a eso EN LE 2 Oe Se 
Atrial fibrillation 24 9.5 18 4.2 
Atrial flutter 3 12.7 6 7.2 
Supraventricular tachycardia 13 6.6 8 3 
Ventricular tachycardia 10 6.5 11 2.5 


LaLa — 


heart rates were recorded before, immediately after 
and 1 hour after alprenolol infusion in patients with 
supraventricular arrhythmias. The apical rate de- 
creased significantly to 87 + 2.8 at the end of the infu- 
sion (P (0.001). No change in systolic or diastolic 
pressure was observed in this group throughout the 
observation period. 

Adverse effects: No serious adverse effects were 
observed during the course of this study. One patient 
had a transient decrease in pressure from 130/90 to 
90/60 mm Hg; pressure returned to normal levels 
without vasopressor therapy. Another patient 
showed A-V dissociation with a fall in ventricular 
rate from 140 to 80 beats/min. Two subjects had 
mild respiratory wheezing after alprenolol adminis- 
tration. No therapy was required in any of these 
cases. 

There was no instance of any increase in the clini- 
cal degree of congestive heart failure after the use of 
alprenolol. In the majority of patients, heart failure 
was easier to control because of the effective antiar- 
rhythmic action of the drug. In patients with pulmo- 
nary edema there was a better response to conven- 
tional therapy after abolition of the arrhythmia or 
reduction of the ventricular rate to optimal levels. 


Discussion 


Alprenolol has pharmacologic properties similar to 
those of propranolol since both drugs exert beta ad- 
renergic blockade by reversing the effect of isoproter- 
enol infusion or sympathetic stimulation on cardiac 
rate and force of contraction. Both, therefore, possess 
negative chronotropic and inotropic properties. How- 
ever, alprenolol has been shown to have in addition a 
weak direct beta receptor stimulating effect.18-22 In 
reserpinized animals, alprenolol produced moderate 
stimulation of the cardiac rate and contractile 
force.18 

Furthermore, alprenolol, like propranolol, has been 
found to possess a direct cardiac depressant action?* 
which is independent of the beta adrenergic blocking 
activity. In this property, both agents resemble quini- 
dine sulfate and other local anesthetic agents such 
as lidocaine and procainamide. 


The results obtained in this study indicate that al- 
prenolol, a beta receptor blocking agent, is effective 
in reducing the frequency of premature contractions 
and reducing ventricular rates in patients with 
tachyarrhythmias of both supraventricular and ven- 
tricular origin. In addition, when administered at the 
rate of 1 mg/min, alprenolol appears to have rela- 
tively few side effects. 

Clinical effects of alprenolol vs. propranolol: 
Our findings can be compared with a previous 
study in the coronary care unit at the Jackson Me- 
morial Hospital? in which propranolol was used in 
the same fashion as alprenolol in the present study. 
Forty-three episodes of tachyarrhythmias in 33 pa- 
tients were treated with propranolol. Comparison of 
the 2 studies shows that propranolol and alprenolol 
were equally effective in reducing ventricular rate. 
The average dose of alprenolol was somewhat greater 
than that required for propranolol (Table V). For ex- 
ample, an average of 4.2 mg of propranolol was em- 
ployed in 19 episodes of atrial fibrillation, whereas 
9.5 mg of alprenolol was used in 25 episodes of atrial 
fibrillation in the present study. The only other dif- 
ference noted in the 2 studies was a marked sinus 
bradycardia which occurred in several cases with 
propranolol therapy and which required treatment 
with atropine. No instances of sinus bradycardia 
were encountered in the group treated with alpreno- 
lol, and in no case was it necessary to administer at- 
ropine. 

Comparison with other antiarrhythmic agents: 
In 13 cases in the present study, the patients initially 
had been treated with conventional doses of lido- 
caine or procainamide without beneficial effect. 
Subsequent treatment with alprenolol after various 
time intervals resulted in a therapeutically successful 
antiarrhythmic action in all 13 cases. However, it is 
not possible from these limited clinical observations 
to draw conclusions as to the relative merits of these 
agents. 

Alprenolol enhanced the blocking action of digital- 
is on atrioventricular conduction, thus further reduc- 
ing the ventricular response in atrial fibrillation or 
flutter. In patients with recurrent bouts of atrial fi- 
brillation, and in some patients with premature ven- 
tricular contractions, quinidine sulfate was used con- 
comitantly with alprenol, both in reduced doses. 
The result was an enhanced effect on sinoatrial 
nodal discharge, resulting in greater cardiac slowing 
than could be achieved by use of either drug alone.13 

The beta adrenergic blocking agents slow atrioven- 
tricular transmission and decrease the ventricular 
rate in the presence of atrial fibrillation and atrial 
flutter. In a study of the electrophysiologic properties 
of propranolol it was shown that there was marked 
slowing of intraatrial as well as of subnodal conduc- 
tion.24 Digitalis by its direct and vagal actions also 
slows atrioventricular transmission but specifically 
in the intranodal region.?° 





“40: 
At 


12; 


ean Ke 
ra propranolol in’ arrhythmias ‘complicating acute myocardial 

“infarction. ‘Amer Heart J 80:479-487, 1970. 

Practolol in the treat- 

ce ment of cardiac -dysrhythmias ‘due to acute myocardial in- 










. Black. JW, Crowther A, Shanks R, et al: 





ALPRENOLOL FOR ARRHYTHMIAS—-LEMBERG ET AL. 


References 


l A new adrenergic 
beta-receptor antagonist. Lancet 1: 1080-1081, 1964 


. Stock JPO, Dale N: Beta-adrenergic receptor blockade in 
-cardiac arrhythmias. Brit Med.J 2:1230-12, 1963 
: Epstein SE, Braunwald E: Beta-adrenergic receptor block- 


Ing. drugs. Mechanisms of actions and clinical applications. 
New Eng J Med 275:1106-1112, 1966... 


¿Luria MH; Adelson Et, Miller AJ: Acute arid chronic effects 


of an adrenergic beta-receptor blocking agent (propranolol) 
in treatment of cardiac arrhythmias. ‘Circulation 34: 767- 
773, 1966 


: Sloman G, Stannard Me Beta-adrenergic blockade and car- 
diac arrhythmias. Brit Med J 4°508-512, 1967 
-Gravelly RE, Griffin JR, Harrison DC: Propranolol in the 


treatment and prevention. of cardiac arrhythmias. Ann Intern 
Med 66:667--676, 1967 


« Sowton E: Beta-adrenergic blockade in cardiac infarction. 


Progr Cardiovasc Dis 10:561-574, 1968 


. Dollery CT, Paterson JW, Conolly ME: Clinical pharmacolo- 


‘gy. of beta-receptor blocking drugs. Clin’ Pharmacol Ther 
10:765-799, 1969 ; 


-Lucchesi BR; Whitsitt LS, Stickney JL: Anti-arrhythmic ef- 
fects of beta-adrenergic blocking agents. Ann NY. Acad Sci 
©4839: 940-951; 1967 


Gibson D, Sowton E: The use. of beta-adrenergic receptor 
blocking: ‘drugs + in dysrhythmias. Progr „Cardiovasc Dis 
12:-16-39,;1969 ae 
Anthony JR, Jick H; Spodick DH: Control of persistent 
ventricular ectopic beats by a iprenolol, a new beta-adrener- 
gic blocking agent. Amer Heart J 77:598-602, 1969 

Kerber R, Goldman R, Gianelly. R, et al; Treatment of atrial 


arrhythmias with alprenolol. JAMA 214:1849-1854, 1970 


Lemberg L, Castellanos A Jr, Arcebal AG: The use of 


ewitt :D, Mercer: C; Shillingtord J: 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24, 


-o 549,1970 
25. 


farction. Lancet 2:227~230, 1969 3 
Norris RM, Caughey DE, Scott PJ: Trial of propran- € 
olol in acute myocardial infarction. Brit Med J 2:398-400; 
1968 cae 
Clansen. J, Jorgenson F, Roin J, et al: Absence of prophy-. 
lactic effect of propranolol in. myocardial infarction: Lancet 
2:920-924, 1966 ee 
Briant RB, Norris RM: Alprenoloi in acute myocardial i ine 
farction, Double blind trial. New Zeal Med J 71:1385+138, 
4970 ‘ 
Ablad B, Brogard M, Ak L: Pharmacological properties of | 
H 56/28 a beta-adrenergic receptor antagonist. Acta Phar-.. o 
macol 25: suppl 2: 9-40; 1967 ee 
Ablad B, Johnson G, Norrby A, et al: Potency and time- ` 
effect relationships in man of propranolol and H 56/28-—- 
comparative studies. after oral administration. Acta Pharma. 
col.25: supp! 2: 85-96, 1967 

Johnson G, Norrby A, Solvell L, et al: Studies on the po- 
tency time-effect relation of beta-adrenergic antagonism in 
man (abstr), Acta Physiol Scand 68:suppl 227: 97, 1966 oe 
Stein B, Forsberg SA, Johnson G: Hemodynamic effects. of | 
propranolol and H 56/28 in. man-—a comparative study of. 
two beta-adrenergic receptor antagonists. Acta Pharmacol o 
25: suppl 2:.75-83,.1967 mee 
Lund-Larsen PG, Silverstseen E: Hemodynamic effects of 
propranolol(inderal), and H°56/28 in patients with acute z 
myocardial: ‘infarction. Acta Med Scand 186:187~191, 1969. 
Wasserman: Ad, Proctor JD, Allen F, et ak ‘Human cardio- .. 
vascular ‘effects of alprenolol, a beta-adrenergic. blocker; 
hemodynamic; anti-arrhythmic . and anti-anginal. J Clin Phar- 
macoi 10: 37-49; 1970. 
Pamintuan J, Dreitus LS, Watanabe Y: Comparative: mech: 
anisms of antiarrhythmic agents. Amer J Cardiol 26:512- 




















Watanabe Y; Dreifus LS: Electrophysiologic effects of digi 
talis on AV. transmission. Amer J Physiol 211: 1461- 1466 
1966 © l 





Case Reports 





-Right Atrial Myxoma with Right to Left Shunt and Polycythemia 
Presenting as Congenital Heart Disease © 


ARNOLD GOLDSCHLAGER, MD 
ROBERT POPPER, MD 

NORA GOLDSCHLAGER, MD 
FRANK GERBODE, MD, FACC 
GEORGE PROZAN, MD, FACC 


San Francisco, California 


-From the Department of Cardiology, Mary’s 
Heip Hospital, Daly City, Calif. and the 
Cardiopulmonary Laboratory, Pacific Medical 
Center, San Francisco, Calif. This study was 
supported in part-by a grant from the Carrie 

< Baum Browning Trust Fund and by Research 
and Training Grant HE-06311 from the Na- 
tional Institutes of Health, Department of 
‘Health, Education and Welfare.. Manuscript 
received January 18, 1971; revised manu- 
script received March 24, 1971, accepted 
May 20, 1971. 

Address for reprints: Nora Goldschlager, 
MD, Cardiopulmonary Laboratory, Pacific 
Medical Center, San Francisco, Calif. 94115. 


A case of right atrial myxoma with right to left shunt is reported. A 
56 year old woman had severe cyanosis, clubbing and polycythemia, 
and 2 episodes of transient cerebrovascular insufficiency, thus raising 
the possibility of paradoxical tumor emboli through an interatrial de- 
fect. Whereas routine chest fluoroscopy could only suggest the cor- 
rect diagnosis, fluoroscopy with image intensification, phonocar- 
diography and ultrasound cardiography were of great value in cor- 
roborating the hemodynamic and angiographic findings of tumor with 
shunt through a patent foramen ovale. _ 

This case illustrates that clues to the presence of right to left shunt 
in atrial myxoma exist, that paradoxical embolism might well occur, 
and that the diagnosis should be strongly considered in patients with 
acquired cyanotic heart disease. The role of noninvasive techniques 
in establishing the correct diagnosis is stressed... 


Myxomatous tumors of the right side of the heart comprise about 25 
percent of all intracardiac myxomas found at autopsy,! although the 
frequency of their clinical recognition relative to total incidence is un- 
known. It is rare for such tumors to be associated with a right to left 
shunt; to date, only 6 documented cases have been reported.2-7 This 
paper describes the seventh case of right atrial myxoma with right to 
left shunt in a 56 year old woman who presented with the clinical fea- 
tures of cyanotic congenital heart disease. 


Case Report 


A 56 year oldwoman was admitted to the hospital with sudden onset of 
aphasia and weakness in the right arm which cleared completely within 12 
hours. Three years before admission she had experienced an episode of loss of 
balance associated with difficulty in. central vision, her péripheral vision re- 
maining intact. At that time an electrocardiogram demonstrated tall peaked 
P waves in leads I, HI and aVF, suggesting a right atrial abnormality. No 
further evaluation was undertaken; the patient recovered fully within 24 
hours, and remained asymptomatic until 1-year before admission when she 
noted the gradual onset of cyanosis and clubbing associated with shortness 
of breath on exertion. 

Physical examination revealed a woman with deep central cyanosis. Blood 
pressure was 110/70 mm Hg, pulse 110/min and regular, and respirations 26/ 
min. Pertinent findings included neck vein distension with prominent a and v 
waves and normal y descent. The chest was clear on auscultation. The cardiac 
apical impulse was forceful and sustained in the anterior. axillary line, fifth 
left intercostal space. The first heart. sound was normal, the second sound was 
single. A third sound was best heard at the fourth left intercostal space and 
ranged in quality from dull to snapping; at times it was entirely absent. A 
grade 2/6 systolic murmur. beginning with the first heart sound and an inter- 
mittently heard mid-diastolic murmur were both best appreciated at the 
lower left sternal border. The sounds and murmurs were not thought to change 
with position or respiration. The liver was slightly enlarged but neither tender 
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Electrocardiogram recorded on admission, showing 


: QVFU A 


Figure. 1. 


: prominent tall, broad P waves in leads II, HI and aVF. 


“por pulsatile. The fingers and toes were deeply cyanotic 


-C and clubbed. Neurologic findings were normal at the time 


‘of the examination, 
In view of the adult onset of cyanosis and clubbing, an 
initial electrocardiogram compatible with right atrial 


= overload, prominent a and. v. waves visible in the neck 


_ veins, and a systolic murmur, the initial clinical diagnosis 

of Ebstein’s malformation of the tricuspid valve was 
made. Other possibilities, considered less. likely, were iso- 
lated hypoplastic right ventricle with recently acquired 
right to left shunt, tricuspid atresia and valvular tricuspid 
stenosis with right to left shunt. _ 

Pertinent laboratory. data included hemoglobin 23 g/100 
“ml, hematocrit.69 percent, and an erythrocyte sedimenta- 
tion rate (Westergren) of 2:mm in 1 hour. Arterial blood 
gas determinations showed pH 7.42, PCO2 33 mm Hg, 

~POzg 38 mm Hg and Oz saturation 73 percent. 

The electrocardiogram (Fig. 1) showed sinus rhythm 
‘and nondiagnostic S-T and T wave abnormalities. In ad- 
dition to the pattern of ‘right atrial enlargement present 3 
years earlier, the P wave was now broad in leads I, II 


RV 


~- Tumor 
IVS 


g MV 





Figure 3. Echocardiogram obtained by applying the transducer 
at the fourth left intercostal space and angling slightly infero- 
medially. Right ventricular wall motion (RV) is increased in ampli- 
tude, and interventricular wall (IVS) motion is abnormally di- 

-rected toward the right ventricle during systole. The tumor 
echoes. are visible behind the anterior leaflet of the tricuspid 


< valve. MV = mitral valve, anterior leaflet. 
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Figure 2. Sitiianedua nkanöcardiogram; jugular venous 
pulse (JVP), carotid pulse (CP) and electrocardiogram (ECG) 
obtained in the left lateral decubitus position: during expiration. 
Paper speed is 50 mm/sec. There is an accentuated tricuspid: ~ 
component of the first heart sound (S1). The second sound ($2) 
is single. TP = "tumor plop.” aot: 


and aVF and had a prominent negative component in lead. 
Vi, indicating a left atrial abnormality as well. The vec- 
torcardiogram demonstrated a large anteriorly displaced P 
loop confirming right atrial enlargement; the QRS loop: 
revealed no evidence of ventricular hypertrophy. A 

Chest roentgenogram showed moderate cardiomegaly; = 
without specific chamber enlargement, and normal puk 
monary vasculature, Fluoroscopic examination demons 
strated irregular flecks of calcium in the region of the trie 
cuspid valve; their extent and excursion with the cardiac. 
cycle was not appreciated until image intensification was 
used. 


The phonocardiogram (Fig. 2) showed a prominent a _ 


wave in the jugular venous pulse tracing. After the QRS a 
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Figure 4. Pullback tracings. A, from right ventricle (RV) to 
right atrium (RA) illustrating the 8 mm Hg end-diastolic gradient 
across the tricuspid valve. B, from left atrium (LA) to right 
atrium (RA) showing a 6 mm Hg gradient between the 2 cham- 
bers. 
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TABLE | 
Hemodynamic Data Obtained at Cardiac Catheterization 


n'a l 


nT EE EEE III 


Superior vena cava 
Right atrium 
Right ventricle 


Pullback 
Pulmonary vein wedge 
Pulmonary vein 
Left atrium 
Right atrium 
Left ventricle 
Pulmonary artery* 


O consumption (cc/min) 
Arteriovenous O; difference (vol %) 
Systemic (left ventricle-pulmonary artery) 


Pulmonary (pulmonary vein wedge-pulmonary artery) 


Cardiac output (Fick) (liters/min) 
Pulmonary flow (liters/min) 
Calculated right to left shunt (liters/min) 


02 Content 0. Saturation Pressure 
(vol %) (%) (mm Hg) 
11.2 46 
2 46 12 
10.9 45 18/4 
10 
23.5 97 4 
14.6 60 4 
11.2 46 10 
15.5 63 142/8 
8.5 35 16/8 (11) 
187 
7.0 
15.0 
Qui 
1.2 
1.5 





* Sample obtained late in the procedure. 
Figures in parentheses indicate mean. 


inscription there were 2 sounds separated by 0.06 second; 
these were interpreted as the mitral and accentuated de- 
layed tricuspid valve closure sounds although an aortic 
ejection click could not be excluded. The second heart 
sound was single. There was a diastolic sound of varying 
frequency, amplitude, duration and relation to the second 
heart sound consistent with tumor movement through the 
tricuspid orifice (“tumor plop”). 

The ultrasound cardiogram (Fig. 3) demonstrated a 
mass appearing behind the anterior leaflet of the tricuspid 
valve in diastole, indicating prolapse of this mass into the 
right ventricle. The movements of the right ventricular 
wall were abnormally pronounced, suggesting insufficiency 
of the tricuspid valve. Abnormal paradoxical motion of 
the interventricular septum toward the right ventricle 
during systole was also observed. 

The patient underwent right heart catheterization by 
way of the right femoral vein (Table I, Fig. 4). The cathe- 
ter passed easily from the right atrium to the left atrium 
through an interatrial communication, and then into the 





left pulmonary vein and wedge position, as well as into 
the left ventricle. An end-diastolic gradient of 8 mm Hg 
across the tricuspid valve (Fig. 4A) confirmed obstruction 
at this point (Table I). A right to left shunt at the atrial 
level was proved by the normal pulmonary vein oxygen 
saturation with desaturation at the level of the left atrium; 
the right atrial mean pressure exceeded that of the 
left atrium by 6 mm Hg (Fig. 4B). Angiocardiography 
demonstrated a right atrial mass with right to left shunt 
through a probable patent foramen ovale (Fig. 5). 

At surgery, right atriotomy was carried out under full 
cardiopulmonary bypass and moderate hypothermia. The 
pedunculated myxoma was seen to arise from the inter- 
atrial septum just below a stretched foramen ovale of 2 cm; 
prolapse through the foramen was not observed. The 
tumor extended through the tricuspid valve into the right 
ventricle causing stretching of the annulus. The mass, to- 
gether with that portion of the septum to which it was at- 
tached, was excised and the resulting defect closed by di- 
rect suture.® A tricuspid annuloplasty was performed. The 


Figure 5. Frames from cinean- 
giogram in systole (A) and diastole 
(B) showing the intraatrial mass 
(small arrows) and its prolapse 
into the right ventricle during dias- 
tole. The shunt through the fora- 
men ovale is indicated by the large 
arrow. 


specimen (Fig. 6) was a reddish-yellow gelatinous mass 
heavily infiltrated with hemorrhage and weighing 110 g. 
Postoperatively, high levels of right ventricular filling 
pressure (25 to 30 cm H20) were required to maintain car- 
diac output, presumably because of diminished right ven- 
tricular compliance secondary to long-standing decreased 
right ventricular output as well as to residual tricuspid in- 
sufficiency. By the tenth postoperative day normal car- 
diac output could be maintained at central venous pres- 
sures of 15 cm H20, suggesting that the right ventricle 
was adapting to the increased volume presented to it. As 
atrial pressures declined, the tall peaked P waves in the 
electrocardiogram disappeared. The patient was dis- 
charged without medications on the eighteenth postopera- 
tive day, with an arterial oxygen saturation of 92 percent. 


Discussion 


The protean manifestations of right atrial myxoma 
have been commented on by several authors7:9:10 
and include findings suggesting primary tricuspid 
valve disease, constrictive pericarditis, recurrent pul- 
monary embolism and cyanotic heart disease, as well 
as poorly characterized systemic illness; presenting 
symptomatology and physical findings have recently 
been reviewed.7 

In the patient presented here the physical appear- 
ance, hemoglobin and hematocrit, chest roentgeno- 
gram and electrocardiogram all suggested far ad- 
vanced congenital heart disease. The correct diagno- 
sis was established with certainty by cardiac cathe- 
terization and angiocardiography, but it is worthwhile 
to assess the contribution of noninvasive methods in 
arriving at the proper diagnosis. 

Noninvasive method of diagnosis: First, routine 
fluoroscopic examination revealed calcification in the 
region of the tricuspid valve; subsequent study with 
image intensification demonstrated that the location 
and excursion of the calcification was consistent only 
with an intracardiac mass. 

Second, phonocardiography was of value in essen- 
tially ruling out primary tricuspid valve disease in 
that the diastolic sound, clearly not an opening snap, 
(1) ranged in quality from sharp to dull to absent, 
(2) was unrelated in time to the second heart sound 
in the presence of normal sinus rhythm, (3) was 
often seen to have 2 or more components, and (4) 
was of variable amplitude and duration. Although 
respiratory cycles did not consistently influence the 


heart sounds and murmurs, the combination of find-_ 


ings was most consistent with an intracardiac mass 
impinging on the tricuspid valve intermittently and 
in an irregular fashion. Although alterations in the 
venous pulse tracing might be expected to occur in 
relation to the various degrees of obstruction pro- 
duced at the tricuspid valve, no pronounced changes 
were in fact noted. 

Third, the ultrasound cardiogram clearly demon- 
strated an intraatrial mass which passed through the 
tricuspid valve orifice in diastole. In addition, tricus- 
pid insufficiency was suggested by the increased am- 
plitude of the right ventricular wall echo. The para- 
doxical rightward movement of the interventricular 
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Figure 6. Appearance of the tumor at operation. The cut sur- 
face is hemorrhagic. 


septum during systole is unexplained. Such abnor- 
mal motion has been noted in cases of atrial septal 
defect with left to right shunts,!1 but ultrasound car- 
diographic studies of right to left shunts are not yet 
available. The greatest value of echocardiography in 
this disease perhaps is that it permits distinction be- 
tween congenital and acquired disease of the right 
side of the heart. If Ebstein’s anomaly of the tricus- 
pid valve or hypoplastic right ventricle are strong 
considerations, right ventricular size as determined 
from the echocardiogram?! provides an important 
clue to the proper diagnosis. In our patient, the size 
of the right ventricle was normal, thus making these 
types of congenital heart disease highly unlikely. 

Right to left shunt: Although an intracardiac 
shunt is rarely found in right atrial myxoma, clues to 
its presence exist. First, the absence of signs of right- 
sided failure (ascites, hepatomegaly, peripheral 
edema) in a patient with acquired cyanotic heart 
disease should suggest that right to left shunting of 
blood is present, the shunt serving as a vent for ve- 
nous return. Second, the shunt may be recognized on 
the basis of persistent arterial desaturation unrelated 
to position, and further supported by the presence of 
polycythemia. Polycythemia seems to be an unusual 
finding in right atrial myxoma with right to left 
shunt, but 4 of the 6 case reports fail to provide he- 
moglobin and hematocrit values; in the 2 cases in 
which these data are available, the values were nor- 
mal in 17 and a hemoglobin value of 18 g/100 ml was 
present in the other. Polycythemia has been re- 
ported in 2 cases of right atrial myxoma in which in- 
travenous angiography did not demonstrate a 
shunt;12:13 since cardiac catheterization was not per- 
formed in either case, interatrial shunt was not defi- 
nitely ruled out. It is therefore suggested that al- 
though the absence of polycythemia does not exclude 
a right to left shunt, its presence is strong evidence 
for its existence. 

Our patient’s history of transient visual distur- 
bance with loss of balance and her presenting com- 
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plaint of aphasia and arm weakness most likely rep- 
resented transient cerebral episodes which could 
have occurred on the basis of polycythemia; however, 
‘the possibility of paradoxical tumor. embolus is 
strongly suggested by the evanescent nature of her 
symptoms. The embolic behavior of left atrial myxo- 
ma is well known, and several case reports of pulmo- 


nary embolism from right atrial myxoma are avail- 
able.?-1:14 To date, however, no pathologically con- 
firmed case of paradoxical embolus has been re- 
ported, although this complication might well have 
been responsible for the occurrence of syncope, ?° sei- 
zures!® or splinter hemorrhages? in the reported 
cases. 
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_ opathic enlargement of the right atrium are usually asymptomatic, i 


Idiopathic enlargement of the right atrium is generally considered 

a congenital abnormality. A patient is described who had clinical 

evidence of this entity in the fourth decade of life. In addition, atrial 
vectorcardiograms (P sE loops) are reported for the first time for this 

anomaly. These tracings were abnormal, whereas the P waves of the 

electrocardiogram were within normal limits. 


Isolated idiopathic enlargement of the right atrium in 3 patients was 


described in 1961.1 Since then, reports of other patients with this 


anomaly have established the clinical entity.2-7 Patients with idi- 


and their cardiac abnormality is usually noted from a routine tele- 
oroentgenogram of the chest. Occasional patients complain of mild 
dyspnea on exertion and palpitation. Physical examination of the 
cardiovascular system and the electrocardiogram are generally within 
normal limits. In particular, P waves of sinus origin rarely show any 
abnormality. Low voltage of the QRS complexes and the presence of 
an RSR’ in lead V; are common electrocardiographic findings. 

The origin of idiopathic enlargement of the right atrium is obscure. 
However, the anomaly is generally considered to be congenital, 
probably because all of the available roentgenograms of the chest of 
previously described patients manifested the abnormality. Thus, the 
following patient is of interest because serial roentgenograms of the 
chest show the late development of the abnormality with earlier 
teleoroentgenograms failing to show a dilated right atrium. In addi- 
tion, atrial vectorcardiograms (P sE loops) recorded in a patient with 
this entity are reported for the first time. 


Case Report 


A 43 year old housewife was admitted to Charity Hospital of Louisiana at 
New Orleans on June 7, 1970 for evaluation of an abnormal cardiac silhouette 
noted on chest teleoroentgenograms (Fig. 1, B and C). Previous teleoroent- 
genograms of the chest were within normal limits except for slight prominence 
of the right atrium on June 21, 1966 (Fig. 1A). The patient, was asymptomatic 
except for a 3 month history of slight difficulty in breathing and a sensation 
of heaviness in the left anterior area of the chest, both symptoms occurring 
only when she lay on her left side. 

There was a past history of moderate obesity, mild essential hypertension 


and varicose veins of the legs. The patient denied a history of rheumatic fever © : 


or trauma to the chest. She was gravida 10, para 10, her last delivery occurring 
in December 1967. A chest teleoroentgenogram at that time was reported as 
being within normal limits. There was a strong family history of arterioscle- 
rotic heart disease and hypertension. 

Physical examination revealed.a moderately obese woman in no distress. 
Blood pressure, pulse and cardiorespiratory examinations were within normal 
limits. Variocosities of the lower limbs were present. 
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Routine laboratory examinations were within normal 
limits. Routine electrocardiograms (Fig. 2) and the QRS 
sE loops of the vectorcardiogram were also within normal 
limits. 

Atrial vectorcardiograms (P sÊ loops) were recorded 
(Fig. 3), with use of the equilateral tetrahedral reference 
frame as previously described.8 The values for direction 
and magnitude of the maximal mean instantaneous vector, 
direction and magnitude of the Ta vector and direction of 
rotation of the P sE loop in the frontal and left sagittal 
plane projections are:shown in Table I. The P sE loop 
recorded in the superior plane projection was so distorted 
that meaningful measurements could not be made. 


Carboangiography? demonstrated normal thickness of 
the right atrial wall (Fig. 1D). 


Right heart catheterization was performed. Intracardiac 
shunts were excluded by the hydrogen technique and 
blood oxygen determinations. All pressures measured in 
vessels and chambers were within normal limits (Table 
II). Biplane angiocardiograms revealed the presence of a 



































Figure 2. 
of the P waves. 


Electrocardiogram showing no abnormalities, even 
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Figure 1. A, B and C, serial teleoroent- 
genograms showing the development and 
persistence of an abnormal cardiac sil- 
houette in the region of the right atrium. 
A carboangiogram (D) and an angiocar- 
diogram (E) show a large right atrial 
chamber with normal thickness of the 
atrial wall and absence of intraatrial filling 
defects. The arrow points to the wall of 
the right atrium. 


large, dilated right atrium with no filling defects (Fig. 
1E). 

Bundle of His electrograms!° were recorded and showed 
P-H and H-Q intervals of 115 and 55 msec, respectively, 
and a heart rate of 68 beats/min. The electrode catheter 
was withdrawn across the tricuspid valve numerous times 
while simultaneous pressure tracings and intracavitary 
electrocardiograms were recorded.11 Simultaneous intra- 
cardiac electrocardiograms and pressure measurements 
demonstrated normal placement of the tricuspid valve. 


Discussion 
The clinical findings in this patient are typical of 
those of other patients with idiopathic right atrial 
enlargement. Right heart catheterization was useful 
in eliminating an intracardiac shunt, pulmonary hy- 
pertension and tricuspid valve disease. It should be 
pointed out that with a large right atrial chamber 


the tension in the atrial wall is much increased, even 
though the pressure in the right atrium is normal. 
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Figure 3. Atrial vectorcardiograms (P sÊ loops) are small and 
have many high-frequency distortions not found in the P sE 
loops of normal patients (see text). 
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Simultaneous intracardiac electrocardiograms and 


`= pressure tracings helped to rule out a variant of Eb- 


_ stein’s malformation.1! Angiocardiography and car- 
_ boangiography demonstrated normal thickness of the 

right atrial wall, thus excluding pericardial effusion 
< and: tumors, and indicated the absence of filling de~. 
fects, which eliminated intracardiac neoplasia or 
thrombi. 

_ Etiology: 
generally considered a congenital abnormality.1-6 
Some authors have even suggested that it is a vari- 

: ant of Uhl’s anomaly. In the patient. presented, ra- 
4 ographic evidence of right atrial enlargement de- 
= veloped“ over at least a 2 year period during the 
fourth decade of life. In previously described patients 
with this syndrome, all teleoroentgenograms were 
found to show an abnormal cardiac silhouette. In 1 


Idiopathic right atrial enlargement is 





-= patient in whom the diagnosis was made at age 16 


years, chest teleoroentgenograms taken 9 years pre- 


o viously showed the same massive right atrial en- 
 largement.® Possible exceptions are those patients in 
whom right atrial enlargement was said to occur 


with pregnancy.!? If the idiopathic right atrial en- 
_ largement was a result of pregnancy in the patient 
described herein, it occurred only after 9 normal 
. pregnancies and persisted at least 7 months after the 
last pregnancy. The possibility exists that some 
‘eases represent formes frustes of idiopathic right 
atrial enlargement, such as occur with Marfan’s syn- 
< drome. 

Microscopic examination of right atrial tissue from 
patients with idiopathic right atrial enlargement ob- 
tained at surgery or necropsy has revealed hypertro- 
phy: of muscle fibers,1 irregular thickness. and loss of 
striation of muscle fibers, abundant sarcoplasm, bi- 
zarre nuclei and slight: lymphocyte infiltration,? and 
widely separated muscle fibers with no other abnor- 
malities.’ 

Atrial vectorcardiograms: Normal P waves are 
“the rule in idiopathic right atrial enlargement; rare 
exceptions include prominent P waves in leads Vi 
and Ver? and “notched” P waves in the right pre- 
-ordial leads. Even though the P waves of the elec- 
rocardiogram recorded from our patient were within 
normal limits (Fig. 2), the atrial vectorcardiograms 
> ski loops) were definitely abnormal (Fig. 3). The 
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isopotential point. 


most striking abnormalities of the P sE loops were 
their small size and the presence of numerous high- 
frequency distortions. In fact, the P sE loop recorded 
from this patient was so distorted in the superior - 


plane projection that the usual measurements could _ : 


not be made. Normally, P sE loops are smooth with 
only 1 or 2 characteristic distortions,® particularly 
when recorded at an upper frequency limit of 20 Hz. 
It is tempting to speculate that the distortion of the 


P sÉ loop of the patient with idiopathic right atrial 
enlargement may be related to the disorganization of 


muscle fibers noted by others in similar patients.’ 

Whereas the P waves of the electrocardiogram are 
usually normal in idiopathic right atrial enlarge- 
ment, other electrocardiographic abnormalities occa- 
sionally exist. For example, prolongation of the P-R 
interval, occasionally with Wenckebach periods, low 
voltage of the QRS complexes, coronary sinus 
rhythm, atrial flutter, paroxysmal atrial tachycardia 
and atrial premature beats with aberrant conduction 
have all been reported.1-7 

Prognosis and treatment: The prognosis of pa- 
tients. with idiopathic right atrial enlargement is 
generally considered good. However, some deaths be- 
lieved to be due to this entity have been reported.* 
Compression .of the right ventricle, atrial arrhyth- 
mias and atrial thrombi are the most frequently 
mentioned complications. In patients who were 
symptomatic, surgical treatment, usually resection of 


a portion of the right atrium, has had good results.* - : 


The patient presented herein has remained asympto- 
matic and thus has required no therapy. 


TABLE II 
Catheterization Data 


Pressure O; Saturation 
Site (mm Hg) (%) 
Right pulmonary wedge 8 
Main pulmonary artery 35/15 (20) 53.1 
Right ventricle 35/4 
Right atrium (4) 63:0 
Brachial artery sate 91.0 


Figures In parentheses indicate mean pressures. 
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That congenital heart disease tends to have a familial character has 
become more widely appreciated. The asplenia syndrome is known to 
be associated with severe congenital heart disease, and tetralogy of 2 
Fallot is known to have a familial tendency. This report describes 2 
siblings, of whom the first-born had the asplenia syndrome with con- 
genital heart disease and the second had tetralogy of Fallot. 











Large surveys in the past have shown a clear tendency for congenital 
heart disease to occur in several family members.1:2 Several investiga- 
tors have reported tetralogy of Fallot in siblings,?~> but we know of no 
previous report in which the asplenia syndrome with congenital heart 
disease appeared in one sibling and tetralogy of Fallot in the other. 
This paper describes 2 such siblings and briefly reviews the familial 
occurrence of congenital heart disease. 











Case Presentations 


Case 1: This boy was the product of a 38 week normal pregnancy and de- 
livery and weighed 5 lb, 9 oz at birth. At age 2 months a heart murmur was x 
first detected, and at age 6 months the infant was admitted to the hospital _ 
with congestive heart failure. He was treated with digoxin and responded well... 
We first saw him at age 20 months, when he was alert and in no acute distress. 
but showed peripheral duskiness. Additional positive physical findings in- 
cluded bulging of the left precordium, a systolic ejection click followed by a. 
grade 3/6 harsh ejection systolic murmur along the left sternal border, and a 
loud single second heart sound. 

The hematocrit was 43 percent, and Howell-Jolly bodies were found in the 
red blood cells. The electrocardiogram showed right axis deviation, and right 
ventricular hypertrophy (Fig. 1). The chest roentgenogram showed an ens 
larged heart in the left hemithorax (levocardia) with increased pulmonary oe 
vascular markings: The stomach gas shadow was located under the right dias. 
phragm, and barium swallow confirmed the position of the stomach on the 
right side (Fig. 2). 

At cardiac catheterization a functional single atrium and single ventricle, 
with transposition of the great vessels and pulmonary hypertension, were: 
found. The pulmonary vascular resistance decreased significantly after oxy- 
gen inhalation and intravenous administration of Priscoline”, and the patient 
was transferred to another hospital for pulmonary artery banding. He died 18 
hours after the procedure. 

Autopsy findings were as follows: (1) Asplenia. (2) Situs inversus viscerum 
with a left-sided heart. (3) Common atrium with only a solitary strand of tis- 
sue bridging the otherwise totally divided atria. The 4 pulmonary veins 
drained into the morphologic left atrium which was present on the right side. = 
A complete atrioventricular canal was present, and the right ventricle. waso o 
right-sided (d-loop, ventricular inversion in presence of situs inversus). A: 
double-outlet right ventricle with a bicuspid pulmonary valve and mild sub- 
pulmonic stenosis was also found (Fig. 3). The aorta was to the right of the pul- 
monary artery. (4) Medial hypertrophy and early fibrosis of the pulmonary 
arteries. 
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Figure 1. Case 1. Electrocardiogram revealing right axis devia- 
tion and right ventricular hypertrophy. 


Case 2: The sister of Case 1 was the product of a full- 
term uncomplicated pregnancy and delivery and is reported 
to have weighed 3 lb, 7 oz at birth. At age 6 hours she was 
noted to be cyanotic, and a heart murmur was detected. 
When we first saw her at age 2 months, she appeared ade- 
quately nourished, small for her age, and in no acute dis- 
tress. She weighed 7 lb and measured 17 inches in length. 
Peripheral cyanosis increased markedly with crying. Other 
positive physical findings included a grade 2/6 systolic ejec- 
tion murmur at the left base followed by a single second 
sound best heard at the apex. 

Red blood cell morphology was normal, and the hemato- 
crit was 31 percent. The electrocardiogram revealed right 
axis deviation and right ventricular hypertrophy (Fig. 4). 
The chest roentgenogram showed no gross cardiomegaly 








Figure 2. Case 1. Chest roentgenogram, revealing an enlarged 
heart in the left side of the chest, increased pulmonary vascular 
markings and barium entering a right-sided stomach. 


with decreased pulmonary vascular markings. The stomach 
bubble was noted to be on the left (Fig. 5). 

Cardiac catheterization and angiography revealed the 
characteristic features of tetralogy of Fallot (Fig. 6). 

The patient was treated with oral propranolol and at age 
9 months she weighed 15 lb and was doing well. 

Chromosomal studies performed in this patient and in 
both parents showed normal findings. Family history was 
noncontributory. The mother’s third pregnancy ended in a 
spontaneous abortion at 244 months’ gestation. 


Comment 


Familial incidence of congenital heart disease: 
Richards et al.® found that the incidence of congenital 
heart malformations in the newborn period was 0.83 
percent. Similar statistics were recently reported by 
Mitchell et al.? In 1955 Polani and Campbell? re- 
ported a frequency of congenital heart disease of 2.26 
percent among later born siblings. However, in 1966 
Nora and Meyer? found in a study of 517 families that 
3.4 percent of siblings and 1.8 percent of parents were 
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Figure 3. Case 1. Autopsy speci- 
men of the heart. A, opened to show 
the origin of the pulmonary artery 
from the right ventricle. A bicuspid 
pulmonary valve and minimal sub- 
pulmonic stenosis are also present. 
B, opened to show the origin of the 
aorta from the right ventricle. An 
abnormal muscle bundle is also 
seen. AO = aorta; MB = muscle 
bundle; PA = pulmonary artery; 
RV = right ventricle. 


affected. Other reports confirm that the incidence of 
congenital heart disease in families is significant.3-5.8 

The type of congenital heart disease found in sib- 
lings or other family members is often the same as 
that found in the propositus. Campbell? found this to 
be the case with tetralogy of Fallot, patent ductus 
arteriosus, pulmonary valvular stenosis, ventricular 
septal defect and coarctation of the aorta. 

Congenital heart disease is sometimes associated 
with genetically determined syndromes. Included are 
Down’s syndrome, trisomy 16-8, trisomy 13-15, Tur- 
ner’s syndrome, Ellis-van Crevald syndrome, glyco- 
gen storage disease and Friedriech’s ataxia.1° Some 
disorders of connective tissue, such as Marfan’s syn- 
drome, Hurler’s syndrome and Ehlers-Danlos syn- 
drome, also are associated with specific types of heart 
disease. 

Results of chromosomal studies in the parents and 
in Case 2 were negative, but given the present cyto- 
genic techniques subtle or minor chromosomal anom- 
alies cannot be excluded.?! 

Asplenia syndrome: Up to 1968 approximately 
160 cases of asplenia syndrome with congenital heart 
disease had been reported.1° Campbell? described a 
child who had both the clinical findings of tetralogy of 
Fallot (no hemodynamic studies were performed) 
and a sibling with congenital heart disease who died 
at age 5 months. At autopsy situs inversus with com- 
plicated congenital heart disease was described, but 
asplenia was not noted. Ongley!2 described a 3 month 
old girl with multiple spleens, situs inversus, anoma- 
lous connection of the pulmonary veins to the right 
atrium and an anomalous inferior vena cava. Her 
mother had situs inversus with an apparently nor- 
mal heart. One sibling, a “blue baby,” had died at age 
9 weeks. No autopsy was reported. 

The asplenia syndrome with total anomalous pul- 
monary venous connection to the right superior vena 
cava in 2 siblings was reported by Rutenberg.13 An- 
other sibling died with asplenia and cyanotic congeni- 
tal heart disease. No autopsy was reported. Polhemus 
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Figure 5. Case 2. Chest roentgenogram showing decreased 
pulmonary vascular markings. 
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Figure 4. Case 2. Electrocardiogram showing right axis devia- 
tion and right ventricular hypertrophy. 


and Schafer! reported a case of asplenia with isolated 
levocardia, cor biloculare and severe pulmonary steno- 
sis. The sibling had accessory spleens, and atrioven- 
triculare commune. In both siblings the inversion of 
the abdominal viscera was incomplete and there was a 
Meckel’s diverticulum. 

Situs inversus: Campbell in 196315 in 1,000 pa- 
tients with malformations of the heart found a girl 





Figure 6. Case 2. Angiogram taken with the catheter at the tri- 
cuspid valve, showing a narrow right ventricular outflow tract and 
relatively larger aorta than pulmonary artery. 


ASPLENIA SYNDROME-—SILVER ET AL. 


~ with pulmonary atresia whose sister had situs inver- 
“sus but no heart disease, and a boy with ventricular 
septal defect whose brother had situs inversus. The 
high incidence of situs inversus found among the off- 
spring of marriages between cousins indicated that 
the anomaly is transmitted recessively.1?.7© The par- 
“ents in our cases are not blood relatives. 


Tetralogy of Fallot in the propositus has been de- 
scribed with the following lesions in the siblings: 
tetralogy of Fallot,5 pulmonary stenosis,*-> ventricu- 
lar septal defect,® atrial septal defect,® and transposi- 
tion of the great vessels.16 Our report is the first to de- 
scribe asplenia with congenital heart disease in 1 in- 
fant and tetralogy of Fallot in a sibling. 
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Four infants with cardiac. rhabdomyomas were seen during the past . 
2 years at Albany Medical Center Hospital; 2 were siblings. The pre- 


senting cardiac problems in the 4 infants were congestive heart tail- i . 


ure, cyanosis secondary to shunt reversal at atrial level, paroxysmal 
atrial tachycardia and significant subaortic stenosis, respectively. All- 
4 patients had tuberous sclerosis. Surgical removal of the tumor was 
performed in 2. The signs and symptoms produced by myocardial. __ 
dysfunction secondary to the tumor are reviewed. It is pointed out that 
the cardiac symptoms produced by rhabdomyoma are not specific 
and can be produced by other types of cardiac tumors. The possibility 2 
of having a second child with rhabdomyoma should not be dismissed. __ 


Surgical removal of the tumor should be considered when it is pro- = 
ducing significant obstruction of the blood flow on either side of the — 


heart. 


Rhabdomyomas are probably the most common cardiac tumors in z 


infancy.’ In the Hospital for Sick Children, Toronto, Canada, 5 pa» 
tients with this cardiac tumor were seen between 1951 and 1964.2 
Nadas and Ellison’ pointed out that 7 patients with rhabdomyomas 


were seen at the Boston Children’s Hospital up to 1966. Van der. _ 


Hauwaert? collected 6 rhabdomyomas from 15 European centers with- 
in 5 years. Most papers have discussed pathologic aspects, but few 
have reviewed the clinical presentation of these tumors in infancy.3-4 
During the past 2 years 4 infants with cardiac rhabdomyomas were 
seen at Albany Medical Center. The diagnosis was confirmed by 
cardiac catheterization, angiography, and microscopic examination 
of the tumor sections in all. Two patients were siblings. This paper 
describes these 4 patients and reviews the clinical aspects of rhab- 
domyoma in infancy and childhood. Case 4 has been reported else- 
where,® and only the pertinent findings will be presented here. 


Case Presentations 


Case 1: In a1 day old male Caucasian infant, the first-born of twins, 
grunting respirations developed 12 hours after birth. His birth weight was 6 
lb, 9 oz, and the prenatal history was unremarkable. After an X-ray film of 
the chest revealed massive cardiomegaly, the infant was transferred to Al- 


bany Medical Center. The mother of the patient, aged 18 years, had skin le- a 


sions which were suggestive of tuberous sclerosis. 

On admission, peripheral cyanosis was present. All pulses were palpable 
and were normal. The heart rate was 150 beats/min, respiratory rate was 60 iy 
min, and the flush pressures were 50 and 80 mm Hg in the right arm and leg, 
respectively. The liver was palpated 4 cm below the right costal margin. 
Clinically the infant had heart failure. Auscultation revealed a moderate pan- 
systolic murmur in the fourth left intercostal space. The chest X-ray film 
showed massive cardiomegaly (Fig. 1). The electrocardiogram (Fig. 2) dem- 
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onstrated an axis of +40° and a short P-R interval. There 
was a tall R wave in leads V4 to Vs and a deep S wave in lead 
Vı with an inverted T wave in leads I, II, and V2 to Ve. A 
vectorcardiogram was also obtained (Fig. 2). 

The infant was digitalized and underwent cardiac cathe- 
terization (Table I). No shunts were detected, but the right 
ventricular systolic and diastolic pressure levels were ele- 
vated. Despite repeated attempts, the pulmonary artery 
could not be entered. Through a foramen ovale the left 
atrium was intubated, and the mean atrial pressure levels 
were equal and elevated. Selective right ventricular angi- 
ography revealed a large filling defect in this ventricle. 
(Fig. 3). Left atrial angiogram demonstrated a small left 
ventricular cavity. Tachycardia and then ventricular fibril- 
lation occurred. Despite many defibrillations, ventricular 









































































































































































































































Figure 1. Chest X-ray films. A, Case 1. 
Film shows massive cardiomegaly. B, Case 
2. Film reveals an egg-shaped heart, a nar- 
row vascular pedicle, a hump at the left car- 
diac border and diminished pulmonary vas- 
cularity. C, Case 3. Film shows slight car- 
diac enlargement. D, Case 4, Film shows 
cardiac enlargement. 


fibrillation returned each time and finally the infant died 
45 minutes after the first episode. 

Autopsy revealed a huge heart with multiple rhabdomy- 
omas. A 25 by 30 mm white firm tumor mass replaced 
most of the left ventricular wall (Fig. 4A). Another tumor, 
7 by 15 mm, arose from the anterior wall of the right ven- 
tricle and protruded into the cavity of this ventricle (Fig. 
4B). Other-tumors were seen on the epicardial surface of 
the heart and in the papillary muscles of the left ventri- 
cle. The brain showed firm nodules of tuberous sclerosis 
projecting into the ventricles of both cerebral hemi- 
spheres. Microscopically the cardiac tumors showed large 
clear rhabdomyoma cells. 


Case 2: A five day old Caucasian male infant was 
transferred to Albany Medical Center with a diagnosis of 


Figure 2. Case 1. Electrocardiogram (A) and 
vectorcardiogram (B). The frontal loop (F) shows a 
figure-of-eight configuration at +30°. The horizontal 
loop (H) shows counterclockwise rotation and loss 
of the posterior forces. The left sagittal (LS) shows 
counterclockwise rotation with a terminal delay. 
Pointed ends of dashes represent direction of 
loops. 


A] 


TABLE | 


Hemodynamic Data 
oo St ee Eee E ee 
Case no. 





Pressures (mm Hg) 


RA 12 7 2 0 
RV 60/10 15/5 32/5 30/0 
PA ait 15/10 24/6 18/8 
LA 12 7 6 5 
LV eA 80/10 iN 180/10 
Ao rs 70/50 100/70 
O; Sat. (%) 

SVC A 30 71 70 
IVC 72 35 77 79 
RA 73 25 80 72 
RV 75 44 75 70 
PA ee 34 73 70 
PV 95 69 91 95 
LA 92 37 90 94 
LV oz 36 a, 95 
Ao as, 48 92 95 


ES Re EY I a YS Sed ee SRE 

Ao = aorta; IVC = inferior vena cava; LA = left atrium; LV = 
left ventricle; PA = pulmonary artery; PV = pulmonary vein; 
RA = right atrium; RV = right ventricle; Sat. = saturation; 
SVC = superior vena cava. 


cyanotic heart disease. He was the product of an unevent- 
ful, full-term pregnancy of a 22 year old mother. His birth 
weight was 7 lb. 8 oz. There were no neurologic symp- 
toms, but the mother had adenoma sebaceum on her face. 
On admission, physical examination revealed deep cen- 
tral cyanosis. The heart rate was 140 beats/min and respi- 
ratory rate 60/min. Peripheral pulses were present and 
were equal. The flush blood pressure was 130 mm Hg in 
the right arm. No abnormalities were detected on auscul- 
tation of the lungs. and there was no hepatosplenomegaly. 
On auscultation of the heart a gallop sound, a soft systolic 


Figure 4. Case 1. A, left ventri- 
cle, with a large rhabdomyoma in 
its walls. B, right ventricle, with a 
rhabdomyoma arising from its an- 
terior wall and protruding into the 
Cavity. 
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Figure 3. Case 1. Selective right ventricular angiogram in the 
anteroposterior position demonstrating a large filling defect in 
this ventricle. 


ejection murmur and a single second heart sound were 
present. The chest X-ray film revealed an egg-shaped 
heart with a hump at the left cardiac border, a narrow 
vascular pedicle, and decreased pulmonary vascularity 
(Fig. 1B). The electrocardiogram (Fig. 5) demonstrated 
right atrial hypertrophy, indeterminate axis and deep Q 
waves in leads II, III and aVF. A vectorcardiogram was 
obtained (Fig. 5). 

At cardiac catheterization (Table I) normal pressures 
were demonstrated in the right and left ventricles. Mas- 
sive shunt reversal at atrial level was present, along with 
systemic arterial and pulmonary venous desaturation. Left 
ventricular angiogram (Fig. 6A) demonstrated a tumor 
mass beneath the aortic valve and 2 others on the lateral 
and diaphragmatic walls of the left ventricle. Right ven- 
tricular angiogram (Fig. 6B) showed 2 large filling defects 
in the cavity of this ventricle; a large irregular opacity on 
the septal wall, and another rounded opacity near the tri- 
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cuspid valve. Right atrial angiogram in the anteroposterior 
view showed shunt reversal through an interatrial com- 
munication, with 3 filling defects in the cavity of the right 
atrium. After catheterization multiple rhabdomyomas 
were believed to be present. 

Cardiac surgery was performed because of severe cya- 
nosis. Tumors of various sizes were present on the epicar- 
dial surface of the ventricles; the largest, 1 cm in diame- 
ter, lay behind the left anterior descending coronary ar- 
tery. A 1.5 cm pedunculated tumor was found in the right 













































































atrium, along with multiple tumors on the tricuspid 
valve. Similar tumors were present within the right ven- 
tricle. Most intracavitary right atrial and right ventricular 
tumor masses were excised as much as possible. Ten min- 
utes after termination of cardiac bypass, bradycardia fol- 
lowed by cardiac arrest occurred, and the infant died de- 
spite resuscitative efforts. 

Autopsy revealed multiple, small rhabdomyomas in the 
left ventricle with a large mass 1 cm in diameter, just be- 
neath the aortic valve, obstructing the outflow tract of 


Figure 5. Case 2. Electrocardiogram (A) and 
vectorcardiogram (B). The frontal loop (F) shows 
counterclockwise rotation and superior orientation. 
Horizontal (H) and sagittal (S) loops are normal. 


Figure 6. Case 2. Angiocardiograms. A, 
left ventricular angiogram in the anteropos- 
terior (left) and lateral (right) positions show- 
ing a filling defect beneath the aortic valve 
and 2 others on the lateral and diaphragmat- 
ic walls of this ventricle, respectively. B, 
right ventricular angiogram in the anteropos- 
terior (left) and lateral (right) projections 
showing 2 large filling defects in the cavity 
of this ventricle. 


4 





Figure 7. Case 2. A, left ventricle, with a large tumor mass 
beneath the aortic valve and smaller tumors on the septal sur- 
face. B, microscopic section of the tumor showing the clear 
rhabdomyoma cells. 
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Figure 8. Case 3. Electrocardiogram. Atrial tachycardia (rate 
250/min) is present. 


this ventricle (Fig. 7A). Additionally, the brain showed 
multiple firm nodules of tuberous sclerosis in the cortex of 
both cerebral hemispheres. Sections of the cardiac tumor 
demonstrated the clear rhabdomyoma cells (Fig. 7B). 


Case 3: A 6 day old girl who had an attack of paroxys- 
mal tachycardia (Fig. 8) was given digitalis and trans- 
ferred to Albany Medical Center. The family history re- 
vealed that she was the only child in the family and that 
a sibling had died of cardiac rhabdomyoma 1 year before 
(Case 2 in this series). 

On clinical evaluation on admission the infant was acy- 
anotic and the heart rate was 100 beats/min and respira- 
tory rate 52/min. The liver was felt 2 cm beneath the 
right costal margin. There were no abnormalities of the 
central nervous system, but a skin lesion, 2 by 3 cm, was 
noted on the right wrist. The brachial and femoral pulses 
were present and the flush blood pressure was 70 and 80 
mm Hg in the right arm and leg, respectively. The first 
heart sound was normal and the second sound was single. 
A soft ejection murmur was heard in the pulmonary area. 
The chest X-ray film revealed slight enlargement of the 
heart, but the pulmonary vascularity was not increased 
(Fig. 1C). The electrocardiogram (Fig. 9) showed nodal 
rhythm, an electrical axis of +180° and right ventricular 
hypertrophy. A vectorcardiogram was obtained (Fig. 9). 

Cardiac catheterization was performed (Table I). The 
systolic pressure in the right ventricle ranged from 32 to 
60 mm Hg. The pulmonary arterial pressure was 24/6 mm 
Hg. Injection of contrast medium into the right ventricle 
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Figure 9. Case 3. Electrocardiogram (A) and 
vectorcardiogram (B) showing nodal rhythm and 
right ventricular hypertrophy. There is superior ori- 
entation of the terminal forces in the frontal plane 
(F). 
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Figure 10. Case 3. Right ventricular angiogram in the antero- 
posterior projection showing a large filling defect in this ventri- 
cle. 


showed a large rounded filling defect that occupied most 
of the inflow region of this ventricle (Fig. 10). Right atrial 
angiogram showed a narrow track in the right ventricle 
through which the dye reached the pulmonary artery. Left 
atrial angiogram demonstrated a normal left atrium and 
ventricle. 

The final diagnosis was a tumor of the right ventricle. 
Since the infant was not suffering from symptoms which 
could be alleviated by removal of the tumor, she was dis- 
charged and given maintenance doses of digitalis. Ten 
days after discharge, she suddenly became cyanotic and 
was dead on arrival at the emergency room. 

At autopsy, the heart was enlarged and a white firm 
nodule, 5 by 5 mm, was seen on the external surface of the 
heart near the apex. A huge tumor occupied almost all 
the cavity of the right ventricle (Fig. 11). It arose from its 
anterior wall and protruded through the tricuspid valve 
into the right atrium. Small tumor nodules were found in 
the wall of the left ventricle. Sections of the tumor 
showed the typical rhabdomyoma cells. Sections of the 
brain demonstrated firm nodules of tuberous sclerosis, 
some of them projecting into the ventricles and producing 
internal hydrocephalus. 


Case 4: This patient was a 9 month old boy. A heart 
murmur was noted at birth. 





















































































































































































































































































































































































































































Figure 11. Case 3. The right ventricle; a large rhabdomyoma 
occupies most of this cavity and protrudes through a tricuspid 
valve into the right atrium. 


Physical examination showed a loud and harsh ejection 
systolic murmur heard all over the precordium but with 
maximal accentuation in the second right intercostal 
space. The chest X-ray film showed cardiac enlargement 
with a cardiothoracic ratio of 65 per cent (Fig. 10). The 
electrocardiogram (Fig. 12) showed an electrical axis of 
+330°, late inversion of the P wave and a deep S wave in 
lead Vı and a depressed S-T segment in lead I. A vector- 
cardiogram was obtained (Fig. 12). 

At cardiac catheterization (Table I) a withdrawal trac- 
ing from the left ventricle to the ascending aorta showed a 
gradient of 80 mm Hg across the infundibulum of the left 
ventricle. The left ventricular angiogram (Fig. 13A) 
showed large filling defects on the septum and the free 
wall of the left ventricle. In addition, a large ball-like 
tumor was seen in the outflow tract of this ventricle im- 
mediately beneath the aortic valve. Right ventricular an- 
giogram (Fig. 13B) showed large filling defects on the sep- 


Figure 12. Case 4. Electrocardiogram (A) and 
vectorcardiogram (B) showing left axis deviation. 
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Figure 13. Case 3. Angiocardiograms. A, left ventricular angiogram in the anteroposterior (left) and lateral (middle) positions show- 
ing multiple filling defects. Note a ball-like tumor in the outflow tract of this ventricle below the aortic valve. B, right ventricular angio- 


gram in the anteroposterior position showing multiple filling defects. 


tal surface of the right ventricle markedly deforming the 
outline of this ventricle. 

The child underwent heart surgery with use of cardio- 
pulmonary bypass, and 2 avascular tumors, 1.5 by 1.5 cm 
each, were removed from the anterior leaflet of the mitral 
valve through an arteriotomy in the aorta above the aortic 
valve. Both tumors were protruding into the outflow tract 
of the left ventricle and had given rise to subaortic steno- 
sis. Multiple tumors could be palpated over the left ven- 
tricle. Microscopically, these tumors were rhabdomyomas. 
The postoperative course was uneventful, and the child 
was finally discharged. 


Discussion 


According to Heath® the rhabdomyoma is not a 
true neoplasm. It may form a single mass several 
centimeters in diameter but more usually takes the 
form of multiple nodules. These are firm and 
greyish-white and occur mainly in the walls of the 
ventricles or the ventricular septum. When large, 
they may project into the cavity of a ventricle. The 
histologic sections present a spongy vacuolated ap- 
pearance when the tissue has been fixed in aqueous 
formalin. However, if the tissue is fixed in alcohol, 
these vacuoles are found to contain a mucopolysac- 
charide that stains positively by the periodic acid- 
Schiff reaction and which is probably glycogen.® Ac- 
cording to Kidder,’ the youngest subject reported on 
was a 6 month old fetus and the oldest patient on 
record was 45 years old. Forty percent of the patients 
were dead at 6 months of age, 60 percent by the end 
of 1 year, and 80 percent by age 5 years. Of the 68 
cases reviewed by Kidder, the heart showed multiple 
tumors in 53, single tumors in 12, and diffuse in- 
volvement of the cardiac muscle in 3. 

Information on the clinical presentation of cardiac 
rhabdomyomas in infants is scanty. Nonetheless, our 
4 cases, and those reported cases with sufficient clin- 
ical data suggest that a rhabdomyoma of the heart 
can present itself in various ways. The variations can 
be explained on the basis of obstruction of blood flow 


in the right or left side of the heart, myocardial in- 
volvement and disturbance of the cardiac rhythm. 
Other abnormalities in the electrocardiogram and 
the chest X-ray film may help in the diagnosis of 
this condition. 

Valvular obstruction: Obstruction of the left 
ventricular outflow tract by a rhabdomyoma may 
simulate subaortic stenosis. This was confirmed he- 
modynamically and angiocardiographically in our 
Case 4, and at postmortem study in our Case 2. 
Among reported cases, the patient of Kuehl et al.8 
had a subvalvular aortic stenosis caused by the 
tumor that gave rise to a gradient of 54 mm Hg 
across the obstruction. To our knowledge, mitral 
valve obstruction produced by a rhabdomyoma has 
been reported once.’ Obstruction of the outflow tract 
of the right ventricle can give rise to the features of 
pulmonary stenosis. Case 3 of Taber and Lam?° was 
a 7 year old boy with a systolic murmur in the pul- 
monary area. At cardiac catheterization a gradient of 
50 mm Hg caused by a rhabdomyoma was found 
across the infundibulum of the right ventricle. In our 
Case 1 the pulmonary artery could not be entered, 
but the right ventricular pressure was 60/10 mm Hg. 
Golding and Reed1! described a 14 month old infant 
with ventricular septal defect and pulmonary infun- 
dibular stenosis, who underwent successful open 
heart surgery. Microscopic examination of muscle re- 
moved from the infundibulum demonstrated rhab- 
domyoma. Obstruction of the tricuspid valve can 
give rise to shunt reversal and central cyanosis if the 
foramen ovale is patent. This mechanism gave rise to 
cyanosis in our Case 2 and in Case 3 of Van der Hau- 
waert.* Although cyanosis was described in 2 re- 
ported cases,?:12 this phenomenon was probably sec- 
ondary to bronchopneumonia and mitral valve ob- 
struction, respectively. 

Heart failure: Congestive heart failure due to 
myocardial involvement is a common complication 
of cardiac rhabdomyomas. It was the presenting fea- 
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‘ture in our Case 1 and occurred at the age of 1 day in 
the patients reported by Kuehl et al.ë and Simpou- 
-lous and Breslow.!3 Similarly, it was one of the clini- 
‘cal features of Cases 4, 5 and 6 of Van der Hau- 
waert,* and complicated paroxysmal atrial tachycar- 
dia in the patient reported by Engle et al.i4 
Cardiac arrhythmias: Paroxysmal atrial tachy- 
cardia was the presenting symptom in our Case 3, 
and it occurred and terminated spontaneously before 
cardiac. catheterization in Case 4. Moreover, during 
“this procedure in Case 4 atrial fibrillation and flutter 
developed which alternated with sinus rhythm. The 
patient of Engle et al.1* had congestive heart failure 
secondary to atrial tachycardia. When this arrhyth- 
“mia was terminated, the electrocardiogram showed 
atrioventricular block. Nodal ectopic beats were 
noted in the electrocardiogram of Case 2 of Golding 
and Reed.11 A short P-R interval and bouts of recipro- 
cating tachycardia were noted in Case 4 of Van 
der Hauwaert.4 He suggested that this mechanism 
was probably produced by impulse reentry by way of 
accessory atrioventricular pathways in the tumor. 
‘One of the patients of Nadas and Ellison? had com- 
: plete atrioventricular block, a feature also mentioned 
by Gasul et al.) Nadas pointed out that the most 
common cardiac symptoms are paroxysmal supra- 
ventricular and even ventricular tachycardia. Sud- 
< den death, presumably secondary to ventricular fi- 
brillation, was reported once. !5 
© Electrocardiogram: No constant pattern of ven- 
tricular hypertrophy was found among our 4 pa- 
tients. Thus, 2 showed left ventricular hypertrophy 
= and 2 showed right ventricular hypertrophy. In addi- 
tion to the features of left ventricular hypertrophy 
` and strain, there was a short P-R interval in the 
electrocardiogram of Patient 1, a feature also re- 
ported by Van der Hauwaert. Deep Q waves were 
< geen in leads II and II in Case 2 in our series. Intra- 
~ ventricular conduction disturbance was noted in the 
patient reported by Taber and Lam?!° and complete 
right bundle branch block in Case 5 of Van der Hau- 
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Vectorcardiogram: There.was no characteristic 
finding in the vectorcardiograms of our 4 patients. 
However, there was a tendency toward superior axis 
-deviation in 2 patients. Loss of the posterior forces in 
“the horizontal plane, suggesting a posterolateral le- 
sion, was noted in the vectorcardiogram of Case 1. 
Chest roentgenogram: Most investigators have 
“ noted that rhabdomyomas may give rise to nonspe- 
cific cardiac enlargement in the chest X-ray film. A 
hump at the left border of the heart producing ab- 
normal cardiac configuration was observed in our 
Case 2. Simpoulous and Breslow!’ reported on a 1 
day old infant whose heart was pushed to the right 
by a density in the left side of the chest. At thoracot- 
omy a rhabdomyoma was seen to be attached to the 
` heart, filling the left side of the chest. Pericardial 
effusion, described in cases of malignant tumors,1®1§ 
¿was observed only once with rhabdomyoma.!4 Calci- 
fication of the tumor, a sign sometimes observed 


with fibromas,}®2! has not been described with 
rhabdomyomas. 

Neurologic lesions: According to Keith et al.? 
half of the cases of rhabdomyoma are associated with 
tuberous sclerosis and a third with kidney lesions. 
Our own material and the reported cases we re- 
viewed suggest that if the brain is examined at au- 
topsy, tuberous sclerosis will probably be found in 
almost all cases. The absence of neurologic signs, 
during life does not necessarily rule out this diagno- 
sis. 

Family history: Two of our patients were sib- 
lings (Cases 2 and 3). This finding suggests that all 
members of the family of a child with cardiac rhab- 
domyoma should have a chest X-ray examination 
and an electrocardiogram as a screening test for this 
tumor. It also suggests that those counseling the par- 
ents of a child with rhabdomyoma should not dis- 
miss the possibility that a second child may have the 
same problem. Although tuberous sclerosis has been 
reported in siblings,2? we believe that this is the first 
report of the occurrence of rhabdomyoma in siblings. 

Differentiation from other cardiac tumors: 
Most of the symptoms and signs described with 
thabdomyoma have been reported with other types 
of cardiac tumors. Thus, tricuspid stenosis has been 
reported with fibroma,2% pulmonary stenosis with fi- 
broma?4 and myxoma,2°-26 mitral stenosis with myx- 
oma27 and sarcoma,}® and aortic stenosis with fibro- 
ma.28 Congestive heart failure has been reported 
with fibroma?°.2® and sarcoma.!8 Paroxysmal atrial 
tachycardia,2° ectopic beats?° and ventricular tachy- 
cardia!® have been reported with fibroma. A precor- 
dial electrocardiographic pattern of left ventricular 
hypertrophy and strain was reported with fibro- 
ma.21,28.31 Deep Q waves in the limb leads have 
been reported in fibroma?®:3° and an infarction pat- 
tern with sarcoma.!8 Conduction disturbances in the 
electrocardiogram were noted with fibroma?°.3? and 
myxoma.?6 

Clinical diagnosis: Van-der Hauwaert* pointed 
out that the following clinical findings are suggestive 
of a cardiac neoplasm: (1) Unexplained congestive 
heart failure; (2) the association of congestive heart 
failure with rhythm disturbances; (3) the association 
of heart disease with peripheral arterial emboli; (4) 
changing character of the murmur; and (5) a bulging 
mass on the cardiac border in the chest X-ray film. 
As pointed out by various workers there may be no 
cardiac symptoms produced by rhabdomyoma, and 
the condition could be discovered for the first time at 
autopsy. However, a history of mental retardation, 
seizures, neurologic findings, skin lesions in the pa- 
tient or relatives should raise the possibility of car- 
diac rhabdomyoma in a patient with a cardiac prob- 
lem. All patients in whom such a diagnosis is sus- 
pected should be investigated by cardiac catheteriza- 
tion and angiography. 

Surgical indications: The question of surgical 
removal of rhabdomyomas deserves a special consid- 
eration. Two of our 4 patients (Cases 2 and 4) under- 
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went surgical excision of some of these tumors. The 
-indication for surgery was tricuspid valve obstruction 
-and severe shunt reversal at atrial level in the for- 


mors of the heart, which makes complete excision — 
difficult if not impossible. We therefore believe that, 
surgical removal of the tumor should be considered 


the latter. Most of these patients have multiple tu- 


fancy. Pediatrics 15:562-574, 1955 


only if it is producing significant obstruction of the. 
blood flow in the right or left side of the heart. 
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The 24th Hahnemann Symposium 
Edited by William Likoff, M.D., Bernard L. Segal, M.D., 
William Insull, Jr., M.D., and John H. Moyer, M.D. 


Ten years ago coronary heart disease was recognized as the 
primary health problem of western civilization. Since then consid- 
erable progress has been made, both in understanding the genesis 
and nature of atherosclerosis, and in treatment and prognosis. This 
volume summarizes and explores the most significant of these 
contributions. 

Coronary arteriography has immeasurably upgraded diagnosis of 
coronary heart disease and has made surgery feasible, serving both 
as a guide and tool for evaluating results. In acute myocardial in- 
farction — with the help of the team approach, constant surveillance 
with electronic monitoring, and the prevention and early treatment 
of arrhythmias — the mortality rate has been reduced by 50%. 
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CARDIOGRAPHY 


Edited by Robert C. Schlant, M.D. and 
J. Willis Hurst, M.D. 


The last few years have witnessed a 
resurgence of creativity in electrocardiog- 
raphy and a demand for new knowledge 
stimulated by the development of coronary 
care units; this book explores and high- 
lights the progress and important advances 
that have been made. 

The papers, given at the recent Sym- 
posium at Emory University School of 
Medicine, are organized into five sections: 
General Electrophysiology of the Heart; 
Pathophysiology of Conduction and of Ab- 
normal Cardiac Rhythms; Pre-excitation 
and the Wolff-Parkinson-White Syndrome; 
Hypertrophy and Infarction; Miscellaneous 
Effects upon the Electrocardiogram. 


June1972 480 pp. 314 illus. $24.75 


“The first truly comprehensive textbook about chest trauma, from the pen of Dr. 
Naclerio, the foremost American expert on the subject, [is] a work as lucid as it is 


authoritative. 


“Dr. Naclerio’s prose is succinct and declarative. He presents his opinions with 


the assurance of a seasoned veteran and devotes little time to familiar polemics. By 
analyzing what various clinical observations and diagnostic laboratory findings portend 
in different instances, Dr. Naclerio furnishes the reader with a blueprint for the 
purpose of using sound guidelines, leading to precise and individualized therapy. 
“This fine book will doubtless receive acclaim from physicians preoccupied with 
the management of a// chest diseases, for the information and the lessons are far- 
reaching, and extend well beyond the immediate curtilage of only trauma.”—Chest* 


1971 416 pp $28.50 


J Grune & Stratton 


111 Fifth Avenue, New York, N.Y. 10003 


illustrated 





‘Now AVAILABLE!! 


THE AMERICAN 


This helpful reference work contains, indexed by 
subject and author, all material (including sym- 
posia) that appeared in THE AMERICAN JOURNAL 
OF MEDICINE from duly 1966 through June 1971. 


One of the most useful features of this service is 


JOURNAL OF MEDICINE’S | macs trauickara easy reference. S 


5 YEAR 


Remember please. that the index will include a 
complete indexing of all material that appeared in 


cl MUL ATIVE INDEX | th e big speria 25ih anniversaty sane e num- 


-JULY 1966—JUNE 1971 


THE AMERICAN JOURNAL OF MEDICINE's 5 Year 
Cumulative Index will greatly increase the practi- 
cal value of your file copies of the Journal. You will 
also find the index an ‘important contribution to 
your reference library—covering as it does a pe- 
riod of dramatic advancement i in the field of inter- 
nal medicine. - 


ee To receive your copy of this limited edition—fill in the order form—tear r otf aitach remittance 


: and mail. 














re ee een nae a e 
| THE AMERICAN JOURNAL OF MEDICINE | 
: | - 666 FIFTH AVENUE, NEW YORK, N.Y. 10019 | 
-5 YEAR | Please send copy(ies) of THE AMERICAN JOURNAL OF MEDICINE’s | 
| I 
i 5 Year (July 1966—June 1971) Cumulative Index——Priced at 7.50* each. | 
: CUMU LATIVE c Payment enclosed l 
o | | 
INDEX | Name | 
| Address 
| l 
City , State Zip Code l 
|- *For delivery in New York State please add appropriate sales tax. In New York | 
| City 7%. i 
| | 

j 


mas ssn ni sms: si DR sme: amma, ni ah tists esi sole mit, wa: ease uta Nani Sees seme Met emt heme owns stam jim: a, is nam mr, ma: enone oun: Kms i sem meme seh Se, WY 


Letters to the Editor 


WEDENSKY PHENOMENA IN BUNDLE 
BRANCH SYSTEM 














Figure 4 from Friedberg.’ 


TO THE EDITOR: I have recently read “Mechanism of 
the Wedensky Phenomena in the Left Bundle Branch” by 
H. D. Friedberg.1 I am curious about the interpretation of 
the arrhythmia in the text. The author considered each 
first beat after the long pause (due to a dropped beat) a 
conducted beat with left bundle branch block since it was 
preceded by a P wave. 

Why wasn’t this considered an escape beat to the ven- 
tricle? The author indicates that it was not an escape beat 
on the basis of some variation of the long R-R interval 
and apparently constant P-R distance of the first beat 
with a pattern of left bundle branch block. However, the 
range of variation of the long R-R interval was 0.04 or, at 
most, 0.06 second. In the same tracing and in Figure 4 in 
the text, it is clearly shown that the first beats after the 
long pause were apparently escape beats to a subsidiary 
pacemaker. These facts indicate that every beat terminat- 
ing the long pause is an escape beat rather than a con- 
ducted beat. 

Wedensky phenomena might occur in the bundle 
branch system. However, the tracing appears to be more 
naturally explained on the basis of an escape to a subsid- 
iary pacemaker and coincidence of double P-P interval to 
escape interval (Fig. 2). 


M. Igarashi, MD 

Department of Cardiology 

St. Luke's International Hospital 
Tokyo, Japan 


Reference 


1, Friedberg HD: Mechanism of the Wedensky phenomena in the left bundie 
branch. Amer J Cardiol 27:698-702, 1971 





THE AUTHOR REPLIES 


For a moment one may certainly suspect, as Dr. Igarashi 
does, that the bizarre QRS complexes terminating the 
long ventricular pauses are escape beats. Careful study 
soon provides compelling reasons to abandon this explana- 
tion. 

It is inaccurate and perhaps invidious to refer to “some 
variation of the long R-R interval (at most 0.06 second) 
and apparently constant P-R distance of the first beat.” 
In Lead Vs (Fig. 2), for example, the first R-R interval 
measures 1.08 second and the second 1.20 second. Of the 
27 beats with the pattern of left bundle branch block in 
Figures 1 to 3, there is no discernible variation of the P-R 
intervals. The variability of the R-R intervals is thus 
many times greater than that of the P-R intervals, The 
possibility is exceedingly remote that the cycle length of 
an escape pacemaker could change by chance in so arbi- 
trary and capricious a manner as always to align the sinus 
P wave and the “escape” QRS complex in an apparently 
constant relation. 

Undoubted escape beats are shown in Figure 4. The fact 
that they also show the pattern of left bundle branch 
block is not proof that they, or any other beat, arise in the 
ventricle. They could very well be supraventricular in 
origin and undergo block within the left bundle branch. 

The conclusion reached in the text that the beats at 
issue in Figures 1 to 3 are sinus in origin is indeed inescap- 
able. Whether the paradox in intraventricular conduc- 
tion in this and similar cases is the result of enhancement 
due to the Wedensky phenomena is, of course, much more 
speculative. One may invoke supernormality! or perhaps 
depression of conductivity due to phase 4 depolarization? 
of a critical number of fibers within the left bundle 
branch. A late diastolic depression may perhaps be equiv- 
alent to an early diastolic enhancement. Although experi- 
mental testing of the Wedensky phenomena in the heart is 
still awaited, summation of potentials has been shown.3:4 
Furthermore, the explanation offered in terms of electro- 
tonic invasion is in keeping with the known time con- 
stants of Purkinje fibers.5 

Therefore, I must conclude that the beats at issue are 
not escape beats but must be conducted from the sinus. 
The Wedensky phenomena are a likely explanation for the 
paradox: late beats encounter a depressed left bundle 
branch, whereas early beats are conducted during a period 
of enhancement. Summation of biologic potentials with 
electrotonic potentials left in the wake of the preceding 
beat forms a plausible mechanism for these phenomena. 
The matter is considered further elsewhere.® 

H. David Friedberg, MD 
Cardiovascular Section 
Veterans Administration Center 
Wood, Wisconsin 


References 


1. Mazzoleni A, Fletcher E: Facilitation of conduction in left bundie of His. Brit 
Heart J 33:970-971, 1971 
2. Singer DH, Lazzara R, Hoffman BF: interrelationships between automaticity 
and conduction in Purkinje fibers. Circ Res 21:537-558, 1967 
3. Hoffman BF, Cranefield PF: Electrophysiology of the Heart. New York, 1960, 
Fig. 6 to 9 
4. Cranetield PF, Hoffman BF: Conduction of the cardiac impulse 2. Summation 
and inhibition. Circ Res 28:220-233, 1970 
5. Weidmann S$: The electrical constants of Purkinje fibres. J Physio! (Lond) 
118:348-360, 1952 
. Friedberg HD: Observations on the duration of Wedensky facilitation in the jeft 
bundle branch. J Electrocardiol, in press 


Hn 


LETTERS TO THE EDITOR 


DOCTOR, CURE THYSELF 


TO THE EDITOR: At the recent meeting of the Ameri- 
can College of Cardiology it was good to see so many phy- 
sicians eating the low-fat, low-cholesterol luncheon meals. 
Even though this was a controlled situation with a captive 
group, it was encouraging to see the doctors take their 
own medicine. 

Even more encouraging is the way the cardiology groups 
have spearheaded the anti-smoking campaign. At the 
American Heart Association and the American College of 
Cardiology meetings smoking has been reduced almost to 
zero. No longer does a blue-grey pall of smoke hang over 
the audience or the voice of the speaker appear to issue 
from ectoplasm. This is not the case at more general med- 
ical meetings where the anti-smoking campaign has not 


the number of middle-aged men present and calculating 
the death rate from acute coronary artery disease in this 


group. The mathematical exercise is probably not worth 
the effort, however, because our organizations have al- 
ready decided that an electric defibrillator and other ap- 
propriate resuscitation equipment should be on hand. 

But where are they? 

In the First Aid Station, and where is that? One needs 
the instincts of a woodsman to find it. Follow a maze of 
signs through crowded aisles, make right-left turns, wait 
for a crowded elevator and finally arrive at the First Aid 
Station. 

If we really mean to control death in the middle-aged 
population, equipment for resuscitation should be readily 
available, The most practical place to.keep it would be in 
the main meeting room of the convention hall with similar 
equipment clearly marked “Cardiopulmonary Resuscita- 
tion Equipment” in the area of exhibits. The constant at- 
tendance of someone who knows how to operate the equip- 
ment is necessary. | am certain that various exhibitors 
would be more than anxious to lend such equipment to be 
placed in two or more places in the meeting halls. 

William J: Grace, MD, FACC 

Department of Medicine 

St. Vincent’s Hospital and Medical Center of New York 
New York, New York 
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Book Reviews 


Alien-Barker-Hines Peripheral Vascular Diseases, fourth 
edition, edited by John F. Fairbairn HI, MD, John L. Juer- 
gens, MD, and John A. Spittell, Jr., MD. Philadelphia, WB 
Saunders, 1972, 797 pages. 


A basic reading list for the student of peripheral vascular 
disease is no longer a problem. This new volume, which 
bears the name of its illustrious predecessor of 3 previous 
editions, has been completely rewritten by a new group of 
authors and superlatively covers both medical and surgi- 
cal aspects of its subject. 

An excellent introductory section deals with physical 
examination, physiology of blood flow, coagulation phe- 
nomena and control, and angiography. Later sections deal 
with degenerative arteriopathies (incorrectly listed in. the 
contents as “degenerative arthropathies”), perpheral vas- 
cular diseases of diverse origin, and venous and lymphatic 
diseases. The final section, on principles of management, 
covers various surgical procedures, anesthetic techniques, 
principles of amputation and use of podiatry in peripheral 
vascular disease. As a bonus, a biographical sketch and 

_ picture of the pioneer who contributed to the particular 
topic under discussion in the chapter provide, in effect, a 
history of vascular medicine. 

The usual pitfalls of multiple authorship—namely, gaps 
and repetition—-have been avoided since all contributors 
are present or former staff members of a single institution, 
the Mayo Clinic. The coverage is up-to-date. For example, 
the section on vena caval ligation describes the variety of 
clips that are available for vena caval compartmentaliza- 
tion and shows a diagram of the umbrella filter placed by 

© catheterization technique. The chapter on the neurovas- 
cular compression syndrome of the thoracic outlet is par- 
ticularly well written. For the surgical procedure the au- 
thors suggest a posterior approach although the majority 
of surgeons would choose an axillary approach for resec- 
tion of the first rib. Even though the authors prefer ‘the 
former technique, the latter point of view is well ex- 
pressed. This even-handed presentation of the subject is 
typical of the text as a whole. Copious illustrations in 
both color and black-and-white reflect the excellence of 
the Department of Medica! Illustration at the Mayo Clin- 
ic. 

In summary, this is one of the finest textbooks avail- 
able, deserving a place in virtually every physician's libra- 
ry~—for, after all, who does not deal with vascular disease? 

Julius H. Jacobson Il, MD 
New York, N. Y. 


Intensive Coronary Care: A Manual for Nurses, second 
edition, by Lawrence E. Meltzer, Rose Pinneo and J. 
Roderick Kitchell. Philadelphia, Charles Press, 1970, 
$7.50. 


During the past several years, the system of intensive cor- 
onary care has been modified and updated. Emphasis is 
being focused on the prevention of complications rather 
than on the emergency treatment of death-producing ar- 
rhythmias. Preventive medicine and treatment and teach- 
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ing of patients play an increasingly large part in the work 
of the coronary care nurse. 

The second edition of this well known manual reflects 
these changes. A new chapter, “Electrical Treatment of 
Arrhythmias, Cardiac Pacing and Precordial Shock,” has 
been added. It deals entirely with the concept of cardiac 
pacing—the techniques and equipment needed, and the 
nurse’s expanded role in this field. The new volume in- 
cludes a broader basic teaching program for nurses and a 
separate chapter on. cardiac monitoring. The Rocom 
Multi-media Instructional System, a highly thought of 
training program for nurses in a coronary care unit, is 
based on and used in conjunction with the revised edition. — 
Current statistics on coronary care units are presented. e 

The manual stresses not only the “how” of medical and 
nursing management of the cardiac patient but ‘also the. _ 
concepts that explain the “why.” The volume is easy to 
read, and its index is descriptive, explicit and presented 
in logical sequence. z 

Continuous, specialized nursing care is essential if the. 
intensive coronary system is to function well. This manual 
consistently and thoroughly teaches and reinforces the: 
technical and psychological skills that the coronary care. 
nurse must have. In its first edition, the book sold over 
300,000 copies and was considered a classic in its field 
The new edition is even better. 



















Joyce Mitgang, BN, BS! 
New York, New York 


Vectorcardiography: Proceedings of the Xith International 
Symposium on Vectorcardiography, edited by |. Hoffman,’ 
MD with. co-editors R. 1. Hamby, MD and E. Glassman, 
MD. Philadelphia, JB Lippincott, 1971, 700 pages, 
$39.50. a 


A rather comprehensive review of the most important 
work in the field of vectorcardiography is offered in this 
volume by the participants of a symposium held from. 
May, 15 to 17, 1970 in New York City and sponsored by- 
the Long Island Jewish Medical Center. The book brings 
together contributions from many outstanding investiga-— 
tors in the field of electrocardiography. The sections in- 
clude, among others, theoretical and mathematical con: - 
siderations of lead systems, surface mapping, abnormali- 
ties of ventricular conduction defects, vectorcardiography < 
in coronary artery disease and myocardial infarction. Both’ 
the advantages and limitations of vectorcardiography are 
presented. 
' Although these papers are by many authors and do not 
appear in sequence, the collection is so comprehensive : 
and detailed as to serve as an authoritative and highly 
useful textbook. It should be used only by those who have 
mastered both the basic theoretical and diagnostic aspects 
of electro- and vectorcardiography. The interested physi: 
cian will find it useful for reference and as a guide to more < 
detailed study of vectorcardiography. 2k 

Francesco A. Napolitano, M 

New Rochelle, New York 
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Priorities in Funding for Heart Disease Programs 





Dr. Samuel M. Fox III 


This is the time of year for the College of- 
ficers to encourage Congress to provide 
more adequate funding for cardiovascular 
research, training and service programs. 
In addition, we have testified for the 
“upgrading” of both the status and the 
level of support for the National Heart 
and Lung Institute in a manner similar to 
that provided the National Cancer Insti- 
tute last year. With this in mind, and after 
discussions among members of the Col- 
lege Government Relations and Executive 
Committees we have made recommenda- 
tions for a fiscal year 1973 increase of 
$100 million above the Administration re- 
quest of $254 million (the latter would 
allow but a $12 million increase in heart 
disease funds over this current year). We 
believe this sizable jump is highly justi- 
fied and will be needed to implement the 
recommendations of the President's Com- 
mission on Heart Disease before which 
we also gave testimony. Increases were 
recommended as shown in Table |. 

Although these allocations and priori- 
ties are subject to debate, we were con- 
vinced that a firm list of unmet needs and 
clear-cut opportunities would be more 
persuasive than generalizations. 

It has been clearly shown in previous 
years that add-on funding is directly relat- 
ed to the needs expressed by nonfederal 
citizen witnesses. It was in this role that 
we appeared on behalf of the College. 
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In regard to Regional Medical Pro- 
grams we stated: “We would support the 
provision of more resources to Regional 
Medical Programs if it was clear that they 
were to be applied to the specific area of 
heart disease prevention and control.” 
We also supported the Administration re- 
quest for over $28 million for the National 
Library of Medicine. 

Presentations were made to the Com- 
mittees chaired by Senator Edward M. 
Kennedy, Massachusetts, and Represent- 
ative Paul G. Rogers, Florida, in support 
of enhancing the status of the Heart and 
Lung Institute with a statement of the 
many questions in heart disease preven- 
tion, acute therapy and rehabilitation that 
demand definitive research now—which 
research appears to be highly practical 
and productive. 

On May 20, Bill Likoff, Sylvan 
Weinberg, Bill Nelligan and | appeared 
before President Nixon's Commission on 
Heart Disease and gave what we hope 
was a succinct, practical and encourag- 
ing statement of what the College is, 
what it is trying to do and what we be- 
lieve are some of the best opportunities 


TABLE | 
Recommendations for Increases 


to be pursued in a National Program for 
Cardiovascular Health. A list of the mem- 
bership of this Commission is included in 
the May 1972 issue of Cardiology, the 
new College newsletter, edited by Forest 
Adams. Our statement outlined in detail 
service programs as well as research op- 
portunities and indicated how community 
cardiovascular control centers within 
medica! societies, hospitals, heart associ- 
ations or Regional Medical Programs 
might provide support to many physi- 
cians’ management programs for hyper- 
tension, hyperlipidemia, smoking, obesity, 
physical inactivity, diabetes, psychologi- 
cal stress—strain, rheumatic fever pro- 
phylaxis, avoidance of congestive failure 
and the like. We have indicated our de- 
sire to be of further assistance to all 
these efforts in the future. 
|I would welcome hearing from you 
concerning your views of national cardio- 
vascular health needs, for indeed your of- 
ficers should express the view of the Col- 
lege membership. 
Samuel M. Fox, III 
President 
American College of Cardiology 
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Peripheral vascular disease 
(a grossly neglected area) 
Stroke research 
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Clinical trials of atherosclerosis prevention 


Hypertension detection and control 


Lipid centers 


Multifactor (hypertension, lipids, smoking) trial 
Acute heart attack treatment research 


Anti-dysrhythmia trials 


Coronary care instrumentation improvement 


Coronary bypass surgery research 
Coronary rehabilitation research 


New basic and clinical research centers 


Construction of facilities 


Model prevention elinic evaluations 


Training of personnel 
Professional and lay education 
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Calendar of Continuing Medical Education Programs 






The National Committee for Con- 
tinuing Medical Education, William 
Likoff,; MD, FACC, Chairman, announces 
the following calendar. of programs. 

Each program is. designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements. in the recog- 
nition and treatment. of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 
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1972 


*  Preceptorships “in Cardiology. 
Arthur Selzer; FACO, director: 
Pacific Medical Center, San 
Francisco, Calif. 

* To be arranged individually 


» SEPT. 
8-10 


Clinical Pharmacology of Cardio- 
vascular Drugs, William B. 
Abrams, FACC and R.O. Davies, 
directors. Queen Elizabeth Hotel, 
Montreal, Quebec; Ganada 


‘SEPT. 
11-13 


A Symposium. on Cardiovascular 
Nursing. Fred D: Ownby, FACC 
and Leo Schamroth, FACC, di- 
rectors and Juanita C. Burns, RN 
and Jean C. Mann, RN, co-direc- 
tors. The University of Tennes- 
see, Nashville, Tenn. 


SEPT. 
28-30 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leonard 
S. Dreifus, FACC and Yoshio 
Watanabe, FACC, co-directors. 
Holiday Inn, Penn Center, Phila- 
delphia, Pa. 


ocT. When, Why and How in Everyday 

2-4 Cardiology. Charles Fisch, FACC 
and Borys Surawicz, FACC, 
co-directors. Marion County 
General Hospital, indianapolis, 
Ind. 


OCT. Acute Myocardial Infarction— 
8-7 Pre-Hospital Phase. John B. 
: Johnson, FACC, director. Shera- 





marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of ‘final re- 
view and approval, whether the pro- 
gram is’ sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


ton Park Hotel, 
D.C. 


Washington, 


ocT. Vectorcardiography: A Work- 

11-13 shop. Alberto Benchimol, FACC; 
director. Mountain. Shadows 
Hotel, Scottsdale, Ariz. 


OcT. Electrocardiographic: and Thera- 
17-19 peutic Problems ‘in. Actite. Myo- 
cardial Infarction. William J. 
Grace, FACC, director, St. Vin- 
cent's Hospital and Medical Cen- 
ter of New York, New York, N. Y. 


OCT. Principles of Cardiac. Arrhyth- 


26-28 mias, Edward K. Chung, FACC, 
director. The Greenbrier, White 
Sulphur Springs, W. Va. 

NOV. Cardiology 1972. T. K. Lin, 


3-5 FACC, director. Princess Kaiu- 
lani Hotel, Honolulu, Hawaii 


NOV. Cardiology for the Consultant. 

6-15 E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 

DEC. Exercise in Preventive and Re- 

1-2 habilitative Cardiology. Ezra A. 


Amsterdam, FACC, Jack H. 
Wilmore, Joseph A. Bonanno, 
FACC and Dean T. Mason, 
FACC, co-directors. University 
of California at Davis, Davis, 
Calif. 


DEC. Colloquia in Cardiology: Number 
6 §—-Clinical Problems in Cardiac 
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DEC. Fifth Annual Symposium: Paths 
8-10 





gram structures vary as to methods of 
education. re 

The National Committee for Con- 
tinuing Medical. Education of the Col- 
lege earnestly solicits the interest í 
member and nonmember. physicians 
alike in continuing education for the 
clear reason that participation provides. 
a unique opportunity to deeper one’s. 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 




















Disease. Robert W. Oblath, _ 
FACC, director. Los Angeles 
Hilton, Los Angeles, Calit. 










of Progress in Cardiovascul 
Disease. Henry |. Russe 
FACC, director. Americana Ho- 
tel, New York, N. Y. 


1973 


JAN. Controversies in Cardiovascular 
10-12 Disease: A Practical Interpreta- 
tion. James R. Jude, FACC, die 
rector and Hugh Gilmore and _ 
Morton M. Halpern, co-directors 
Sheraton Four Ambassadors 
Hotel, Miami, Fla. 








JAN. Core Curriculum: Cardiovascular 

11-12 Physiology: Clinical. Implications | 
of Newer Concepts and Mea- 
surements. William W. Parmley, 
FACC and H. J. C. Swan, FACC, 
directors. Cedars-Sinai. Medical’. 
Center, Los Angeles, Calif. 


JAN. A Perspective on New Methods © 

14-16 of Treatment in Congenitaland 
Acquired Heart Disease. John.” 
H. K. Vogel, FACG, director and | 
Bruce C. Paton and Leslie t. Kel | 
minson, FACC, co-directors, 
Opticon Theater, Snowmass-at- 
Aspen, Aspen, Colo. oe 


JAN. Stress and the. Heart. Robert S; 
29-31 Eliot, FACC, director. Ponte 
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< FEB. 
1448 


FEB. 


19-20 
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Vedra Club, Ponte Vedra Beach, 


Fla. 


Twenty-Second. Annual. Scien- 
tific Session. Samuel M. Fox HH, 
FACC, president. St. Francis 
Hotel, San Francisco, Calif. 


Reconvened Scientific Session. 
James A. Orbison, FACC, direc- 
tor.. Maui Sheraton, Maui, Ha- 
wail 


Consultant's Course in Cardi- 
ology. Simon’ Dack, FACC, di- 
rector. Mount Sinai Medical 
Center, New York, N. Y. 


Non-invasive Methods in Cardi- 
ology, Apexcardiography, Pho- 
nocardiography, Pulse Tracings 
and Phonoarteriography. Samuel 
Zoneraich, FACC, director. 
Queens Medical Center, Jamai- 
ca, N.Y. 


Electrocardiographic. Interpreta- 
tion of “Arrhythmias: A Physio- 
logical Approach. Charles Fisch, 
FACC, director. Indiana Um- 
versity Medical Center, India- 
napolis, Ind. 





APR. 
2-4 


APR. 
2-11 


APR. 


4-6 


APR. 
14-15 


Phonocardiography: A Work- 
shop. Alberto Benchimol, FACC, 
director. Mountain Shadows 
Resort Hotel, Scetisdale, Ariz. 


Cardiology for ihe Consultant. 
E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


Management of the Critically H 
Cardiac Patient. Henry D. Mc- 
Intosh, FACC, dames K. Alex- 
ander, FACO and Edward W. 
Dennis, FACC, ce-directors, The 
Methodist Hospital, Houston, 
Tex. 


Non-Invasive Techniques. in the 
Diagnosis of Heart Disease. 
Clarence Agress. FACC and H. 
J. ©. Swan, FACG, co-directors. 
Century Plaza Hotel, Los An- 
geles, Calif. 


Current Concepts. in Cardiology 
—1973. Philip Akre:and John A. 
Bowers, co-directors. Caesar’s 
Palace, Las Vegas, Nev. 


How to Collect a Cardiovascular 
Data Base. J. Willis Hurst, FACC 





MAY 
17-19 


MAY 
23-25 


JUNE 
21-22 


and Robert C. Schlant, FACC: 
Royal Coach. Motor Hotel, At- 
lanta, Ga. 


A Critical Approach to Cardio- 
vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 
co-directors, Jack Tar Hotel, 
San Francisco; Calif. 


The. Clinical Manifestations of 
Congenital ‘Heart Disease from 
Birth through Adulthood. Joseph 
K. Perloff, FACO, director and 
Sidney Friedman, FACC -and 
Wiliam Rashkind, co-directors. 
Hospital’of the. University. of 
Pennsylvania, Philadelphia, Pa: 


Atherosclerotic. Heart Disease 
1973. Robert L. Van. Citters, 
FACC, John N. Lein, and: Harold 
T. Dodge, FACC, co-directors. 
Anchorage < Westward: ` Hotel, 
Anchorage, Alaska 





i » Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing 
‘Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md..20014. 





è Abstracts 





e Scientific Exhibits 
Deadline for requests for space: October 15, 1972 


San Francisco, California 


22nd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


February 14—18, 1973 


Entries must be postmarked no later than Saturday, September 30, 1972 


è Cardiovascular Films 
Deadline for submission: November 1, 1972 


For application. forms, ‘write Patrick A. Ziarnik, Qicector, Annual Scientitic Session 
Department, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 














COLLEGE NEWS 


Highlights of the 21st Annual Meeting 
Chicago, Illinois, March 1-5, 1972 


Convocation Speaker Merlin K. DuVal, Wash- 
ington, D.C. (left), 1971-72 College Presi- 
dent Forrest H. Adams (center) and the 
Honorable Warren G. Magnuson, U.S. 
Senator from the State of Washington (right). 





From left to right: College President Samuel 
M. Fox, II! (1972-73), President Forrest H. 
Adams (1971-72) and President-Elect H.J.C. 
Swan (1972-73). 


Attilio Reale, Rome, representative for Italy 
(left), and George C. Griffith, Los Angeles, 
representing the American College of Physi- 
cians, are shown prior to the Saturday eve- 
ning Convocation. 
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Past President Dwight E. Harken, Boston (right), receiving the 
Distinguished Fellowship Award. 
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W. Proctor Harvey, Washington, D.C. (left), receiving 1972 Gifted 
Teacher Award from 1971-72 College President Adams (top 
photograph) and listening to citation read by his marshal, Jack P: 
Segal, Washington, D.C. (bottom photograph). 





>ast President Eliot Corday, Los Angeles (left), receiving Presi- 
dential Citation for his outstanding work in International Educa- 
tion programs of the College. 





Dr. Adams (right) presents 1972 Convocation Medalist Award 


to Merlin K. DuVal, Assistant Secretary for Health and Scien- The Honorable Warren G. Magnuson, U.S. Senator from the 
tific Affairs, Department of Health, Education and Welfare, State of Washington (left), receives 1972 Distinguished Service 
Washington, D.C. Award. 
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Past President, Simon Dack, New York, N.Y. (left), receives 
Presidential Citation for his work as Editor-in-Chief of the 
American Journal of Cardiology. 


f 
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Fa as 
Presidential Chain is passed from 1971-72 College President 
Adams (left) to 1972-73 President Fox. 
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Newly installed President Fox (right) presents appreciation 
plaque to immediate Past President Adams. 





Young Investigators’ Awards judges. From left to right: William 
W. Parmley, Los Angeles, Edmund H. Sonnenblick, Boston, Har- 
old T. Dodge, Seattle. 


Si a 





Young Investigators’ Awards finalists. Shown are Michael L. 
Hess, Richmond, Va.; L.C. Pelletier, Rochester, Minn.: Albert 
E. Raizner, Atlanta, Ga.; Michael R. Rosen, New York, N.Y.: 
G.V.R.K. Sharma, Boston, Mass. 
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Reception for members of Board of Trustees and Board of Gov- 


Receiving line, Saturday Night Dinner. From left to right: 1972-73 ernors. From left to right: Dr. Kittle, Jane Somerville and John F. 
College President Fox, Mrs. Fox, Merlin K. DuVal, Washington, Goodwin, Mrs. Goodwin and Dr. Walter Somerville, London, 
D.C., Mrs. DuVal, The Honorable Warren G. Magnuson, Seattle, England. 

Wash. 
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Receiving line, Saturday Night Dinner. From left to right: Sena- 
tor Magnuson, President-Elect H.J.C. Swan (1972-73) and ACC 


Presentation of Colors by Marine C t O i PI 
Executive Director William D. Nelligan. 9 eae eee SPFA pening monary 


Session. 





1971-72 College President Adams (left), Mrs. Adams and C. 
Frederick Kittle, Chicago, Chairman for the Chicago meeting at 
the Wednesday evening reception for members of Board of 
Trustees and Board of Governors. Dr. Adams addressing Opening Plenary Session. 
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Mariano M. Alimurung, Manila, College Governor for the Philip- 
pines (left), presenting album to 1971-72 College President 
Adams documenting 25th American College of Cardiology Cir- 
cuit Course Program held in Manila in December 1971. 


Candidates for Fellowship in the College seated in left fore- 
ground. 
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Meet the Press. Officials of the College at a special news conference held Wednesday morning, March 1. Left to right: Jean M. Ponget, 
Chicago, Ill., Robert F. Zelis, Davis, Calif., Dean T. Mason, Davis, Calif., ‘Alfred Soffer, Chicago, lll., Forrest H. Adams, Los Angeles 
Calif., C. Frederick Kittle, Chicago, Herbert E. Bessinger, Chicago, and Samuel M. Fox, III, Washington, D.C. 





, 





Luncheon panelists for “Critical Evaluation of Invasive Techniques in the CCU." From left to right: Peter L. Frommer, Bethesda, Md., 
Alberto Benchimol, Phoenix, Ariz., Max Harry Weil, Los Angeles, Calif., Harry S. Soroff, Boston, Mass. and H.J.C. Swan, Los Angeles, 
Calif. 
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1971-72 Board of Trustees 


A CONCEPT OF 


MAURICE LEV, FREDE 
SAROJA BHARAT ERGs A. ©. ECKNE C. C LAURA MENG 
GANIAL MAART DIMAN GLIBAECH AND teainine CINIA wie 
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FAROUK IDRISS 
MILTON H. PAUL 
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Meserie of thin type may have pulmonary 
Mare the terminology “double os 
The terme ~ 
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First Place Award, Scientific Ex- 
hibits. Exhibit prepared by Mau- 
rice Lev, Friedrich A.O. Eckner, 
Richard R. Liberthson, Saroja Bha- 
rati, Milton H. Paul, Farouk Idriss 
and Milorad Ralevich, Hektoen In- 
stitute for Medical Research, Chi- 
cago, Ill. 


Second Place Award, Scientific 
Exhibits. Exhibit prepared by Rob- 
ert J. Flemma, W. Dudley John- 
son, Alfred J. Tector, George Bed- 
dingfield, Derwerd Lepley, Jr., John 
A. Walker and Henry Gale, Mil- 
waukee County Hospital and Vet- 
erans Administration Hospital, 
Milwaukee, Wis. 


Master Teacher Leo Schamroth, 
Johannesburg, South Africa, shown 
in one of the small group teaching 
sessions. 


Past Presidents’ Breakfast. From 
left to right: Dwight E. Harken, 
Boston, Mass., George C. Griffith, 
Los Angeles, Calif., George E. 
Burch, New Orleans, La., C. Wal- 
ton Lillehei, New York, N.Y., Wil- 
liam Likoff, Philadelphia, Pa., 
Walter S. Priest, Chicago, Il., 
Louis F. Bishop, New York, N.Y. 
and William A. Sodeman, Philadel- 
phia. 


Ladies Luncheon honoring Past 
Presidents’ wives. 
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1971-72 College President Adams 
and family. 








he > all A continuing feature of the Annual American College of Car- 
k ou Ba piesa iana diology Meeting is a Workshop on Scientific Writing co-sponsored 
by the American Medical Writers Association. Instructor is 


shown. 


Special low fat, low cholesterol menus were featured by the Con- 
rad Hilton Hotel at the request of the College. 


Read and Remember. David L. 
Schmidt of Kansas City, Mo., con- 
ducts a 3 hour seminar for 50 physi- 
cians. 





TheBristoject Medication System 
a complete, accurate, drug delivery 
item in a pre-filled syringe. 
Bristoject saves valuable time. In 

s than 15 seconds you can have 

2 syringe ready for injection. 
Bristoject is simple to use: insert 

il into injector and twist. The 
:dication is ready. 

Bristoject is disposable. There’s 
recycling and cross-contamination 
zards are significantly reduced. 
Bristoject simplifies delivery of 
dication by assuring accuracy and 
ndardization of dosage. 


Bristoject gives you a dependable 
d convenient injection system for 
or use. Color coded to help insure 
»per selection in time pressure 
Jations. 






7. Bristoject provides you with a cost 
that is easily identified as a patient 


charge. 


Available in: Atropine Sulfate 


BRISTOJECT 


MEDICATION SYSTEM 


injection, U.S.P.; Calcium Chloride 


injection; Dextrose injection, U.S.P.; 
Epinephrine injection; Lidocaine 
injection, U.S.P.; Magnesium 


Bristol Laboratories 
Division of Bristol-Myers Company 
Syracuse, N.Y. 13201 


Sulfate injection, U.S.P.; Sodium 
Bicarbonate injection, 7.5% and 


8.4% solution. 
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Seven things you 
ought to know 
about Bristoject 
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r Bristol Laboratories L 
AE 
e onts Division of Bristol-Myers Company 
s Syracuse, N. Y. 13201 


I'd like to know more about the Bristoject Medication System. 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY AUDIO TAPE PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 





I OR 


THE AMERICAN COLLEGE OF 
CARDIOLOGY EXTENDED STUDY SERVICES 








An audio cassette tape service which brings 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of 
cardiovascular disease to its subscribers each month. Panel discussions, 
interviews with noted authorities, self-assessment, 35 mm slides 

and a monthly personal continuing education notebook are supplied 
as part of this exciting professional service. 


Join the more than 4,000 subscribers who are listening each month. 


Vol. 4, No. 7 July 1972 


Voice for ACCESS — E. Grey Dimond, M.D. 


Side 1 


Electrocardiogram of the Month 
Goffredo G. Gensini, M.D. and James E. Crockett, 
M.D. 


The Critically III Patient: Techniques in Preserving Life 
S. Herbert Shubin, M.D., Max H. Weil, M.D. and 
Alfred Soffer, M.D. 

The Intermediate Coronary Care Unit 
James E. Crockett, M.D., William J. Grace, M.D., 
Sylvan L. Weinberg, M.D. and Alfred Soffer, M.D. 


Side 2 


Medical Versus Surgical Therapy of Secondary Forms 
of Hypertension 
Harriet P. Dustan, M.D., Edward D. Frohlich, M.D., 
Roger B. Hickler, M.D., Gaddo Onesti, M.D. and 
B. L. Martz, M.D. 
Surgery for Coronary Artery Disease: A Review of e 
Personal Experiences E. Grey Dimond, 


Rene G. Favaloro, M.D. M.D., F.A.C.C. 
ACCESS 
Editor-in-Chief 
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E. GREY DIMOND, M.D. JAMES E. CROCKETT, M.D. 
Editor-in-Chief Associate Editor 


SUZANNE B. KNOEBEL, M.D. 
Associate Editor 





—— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY ———— aa 


Please enter my one year (12 issues) subscription to ACCESS 

















I enclose $. for the plan checked below: Name - 
(Please print) 

PLAN A 
CASSETTE TAPES WITH Subscription Address 
GENERAL ELECTRIC PLAYER/RECORDER No. Street 

O ACC member, $105 

( Non-member, $115 - - 

(U.S. Funds) cy State Zip Code 

PLAN B 
CASSETTE TAPES ONLY typeof rasa 

O ACC member, $60 Check mada pay BIE to the Amera ibe of Cardiology should 

k accompany this application and be forwar to: ACCESS, American 
EI Non member, $70 College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 


(U.S. Funds) Payment in full must accompany all subscription orders. 


Processall & 


ie 
Cin 
For perfectly processed film. 


If you don’t believe us, ask 90% of the doctors and 
hospitals now practicing cine fluorography and using 
Processall for rapid development of cardiologic diagnost- 
ic film. Hospitals like Johns Hopkins, The Mayo Clinic, 
Indiana University, Cleveland Clinic and the list goes on 
and on. Why do these hospitals put so much trust in the 
Processall? 

The answer is simple. Quality results and flawless 
performance. The Processall is daylight operational, 
compact, easily portable and handcrafted from stainless 
steel. But perhaps the most important thing is the fine 
detailed results you get on the film. 


Processall is engineered not to miss the most minute 
detail so you can see the problem clearly and without 
question, because the more you see, the more you 
know, and the better your patient's chance. That's why 
so many doctors and hospitals rely on the Processall. 
Shouldn't you? 

For more information contact us, the Oscar Fisher 
Company, or your nearest Processall dealer, 


OSCAR FISHER 


Company, Incorporated 
Box 2305, Newburgh, N.Y. 12550 
Telephone (914) 562-3900 





16/35 Microfilm Rapid Processor, Anhydrator, Ag-O-Mat, and general processing photo lab equipment, constructed of 316L stainless steel. 


eFluorography... 
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Now available under one cover— 


New Clinical Knowledge in the Mechanism, 
Recognition and Therapy of Arrhythmias 


| Symposium on 
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ELECTROPHYSIOLOGIC CORRELATES 


OF CLINICAL ARRHYTHMIAS 


Guest. Editor: Charles Fisch, MD, FACC, Indiana University Medical Center 


Contributions by prominent specialists from universities and medical centers across 
the country. 


Presents examples of arrhythmias with mechanisms that have been deduced by anal- 
ysis of clinical tracings and are being confirmed by electrophysiologic studies. 


Originally published in the September, October and November 1971 issues of 
THE AMERICAN JOURNAL OF CARDIOLOGY—a $15.00 value—now available to you 
under one cover for only $8.00. 


Papers include: Automaticity and Automatic Rhythms .... The 
Concepts of Reentrant Activity Responsible for Ectopic 
Rhythms... Atrial Fibrillation . .. Ventricular Fibrillation . . . 
Atrioventricular Block . . . Aberrancy: Electrophysiologic 
Aspects .. . Exit Block . . . Concealed Conduction ... Specialized 
Tissues and Preferential Conduction in the Atria of the > 
Heart . . . Contribution of His Bundle Recordings to the Under- 
standing of Clinical Arrhythmias . . . Wolff-Parkinson-White 
Syndrome. A New Look .. . Artificial Pacing of the Human 
Heart. Its Contribution to the Understanding of 

Arrhythmias . . . The Electrophysiologic Effects of Anti- 
arrhythmic Drugs . . . The Postextrasystolic T Wave Change. 


14 Papers 144 Pages Price $8. 
To order fill out the coupon below and mail. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
666 Fifth Avenue, New York, N.Y. 10019 


Please send copy(ies) of the Symposium on Electrophysiologic 
Correlates of Clinical Arrhythmias at $8.00 each.* Payment of $ 
enclosed. (In order to maintain the low price of this item we must 
require payment with your order. 





Name 


Address. 








City State ZIP 


A Publication of the Yorke Medical Group + Dun + Donnelley Publishing Corp. 
* For delivery in New York State add State sales tax. In New York City 7%. 
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A Cooperative Reader Service of The American Journal of Cardiology | 
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Because Dialose Plus is more consis- 
tently reliable than the old-fash- 
ioned constipation remedy. 

To lessen the strain of constipation, 
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too...for easier, less painful 
defecation. 
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Sert 


a child 


e problem is the same if almost 
‘ry community in the land: the 
ds are twice as great as the dol- 
s. And—budgets don’t budge. Yet 
‘re are some things that tran- 
nd even the tightest budget. 

Tor example: How do you budget 
hild’s heart? How can you afford 
; to consider a program of pre- 
itive medicine — that affects the 
irts and lives of children in your 
amunity? 

Ne are talking about the urgent 
1d for mass screening of un- 
ected heart disease — and the 
redible instrument that now makes it possible: the 
mnoCardioScan® Heart Sound Screening Unit. 

lo begin with, it is operated entirely by non-medical 
‘sonnel. What’s more, hundreds of children can be 
eened a day at a cost of pennies-per-child. In just 
inute the PhonoCardioScan automatically differen- 
‘es between abnormal and normal sounds with every 
rtbeat; and thus pinpoints any possible abnormality. 
“his portable, electronic instrument (which has 
n clinically evaluated by leading cardiologists over 








haus 5o you budget 
s heart? 











a period of years) does all the work. 
The lay operator simply observes 
and records what the tell-tale lights 
on the front panel reveal. She does 
not interpret. And—only those chil- 
dren with suspicious heart sounds 
are referred to physicians for fur- 
ther evaluation. 

When you consider its scope, its 
speed, its accuracy, and the precious 
man-hours it saves for the physician 
—the price of the PhonoCardioScan 
is modest : $3,800. ( Available also on 
lease basis.) 

Our Technical Staff will be happy 
to send you detailed information on how to organize a 
mass screening program for the children in your 
community. They will also be glad to arrange for a 
demonstration without obligation. Address: General 
Manager, Humetrics Corporation, 6374 Arizona Circle, 
Los Angeles, California 90045. 


A SUBSIDIARY OF 


HUMETRICS / Zkcoko€ 


CORPORATION CHEMICAL CORPORATION 


COMPOSITION: Each 15 oc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, tow dietary intake 
of potassium or ds a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 
PRECAUTIONS: Potassium chloride 
‘should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
clengy and corresponding dally dese is 


























l AMA Drug Evaluations 1971, First Edition, 
WF Chicago, American Medical Assocation, p. 127. 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication, Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma cor- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest, 
Use with caution in patients with cardiac 
disease, In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypachioremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 


tration or other steps to lower serum levele =< 


ifirdicated, since sudden shiftin plasma 
levels may induce potentially dangerous. 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoontul (15 ce) diluted invone 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Giel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
botiles. 
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is under 

catecholamine 
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Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myocardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls bya 
nonspecific antiarrhythmic action, 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis.intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 
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Brand of 


the beta-adrenergic blocking agent 





Inderal 


propranolol hydrochloride 


10mg. and 40mg .Tablets 
Imqg./cc. Injectable 


POR A N E 8 meuran 





_ BRIEF SUMMARY tess T 
{For full prescribing information, see package circular.) 


‘Inderal’ 





i 
BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), | 
THE PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH | 
THE BASIC CONCEPT OF ADRENERGIC RECEPTORS {ALPHA | 


AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. | 








2 INDICATIONS 
“PNDERAL is indicated in the management of: 
4) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b} Sinus tachycardia and extrasystoles (atrial and ventricular) 
c}. Atrial flutter and fibrillation 
“© In the majority of cases of flutter or fibrillation, a beneficial effect is ob- 
“tained by the reduction of ventricular response (reduced ventricular rate} 
‘te the atrial tachyarrhythmia by partial A-V block. Occasionally, normal 
_ofginus rhythm may be restored, but the mechanism of this action is un- 
known. 
cosd) Tachyarrhythmia of digitalis intoxication 
o e Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose onthe false assumption that the previous dosage was inadequate. 
Digitalis-induced tachyarrhythmias are usually reversible within minutes 
‘by INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance with oral therapy is indicated. (See Dosage and Administra- 
oo Hon.) 
oie) Tachyarrhythmias associated with anesthesia 
achyarthythmias during anesthesia may sometimes arise because of car- 
bon dioxide accumulation, surgical stimulation, or catecholamine admin» 
istration, When usual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL should not be used to 
‘treat-arrhythmias associated with anesthetics that produce myocardial de- 
pression, for example, chloroform and ether. 
f) Ventricular tachycardias 











rhythmia in these cases, the cautious use of the drug will reduce them to.a 
. minimum. Care in the administration of INDERAL and constant monitoring 
with an electrocardiograph is essential, as the failing heart requires some 
sympathetic drive to maintain myocardial tone. 
g) Occasionally in severe tachyarrhythmias, the reduction of ventricular 
“pate with use of INDERAL may permit more accurate electrocardiographic 
diagnosis of the arrhythmia. 
2), HYPERTROPHIC SUBAORTIC STENOSIS 
U OINDERAL reduces the ventricular gradient induced by exogenous cale- 
“cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3) PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
tumors, but do not prevent excessive cardiac stimulation by catechola- 
mines. However, INDERAL should always be used concomitantly with 
alpha-receptor blockaders since antagonism of the dilator (beta) action of 
epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
~ operable or metastatic pheochromocytoma, INDERAL, is’ a useful adjunct 
to the management of symptoms due to excessive beta-receptor stimulation, 
CONTRAINDICATIONS 
` INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second 
degree or total heart block; 4) cardiogenic shock; 5) right ventricular fail- 
ure secondary to pulmonary hypertension; 6) congestive heart failure (see 
under WARNINGS) unless the failure is secondary to a tachyarrhythmia 
treatable with INDERAL, i.e. some patients with congestive failure exhibit- 
ing rapid heart rates due to a strong sympathetic component, with in- 
adequate response to maximum doses of digitalis and diuretic. may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that preduce myocardial depression 
such as chloroform and ether; 8) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 
WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a significant component in 
supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depres- 
sing myocardial contractility and precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover 











OT) CON GUL RIPENE reg saan: oan tment NET rae Testis, are 
selectively without abolishing the inotropic action of digitalis on the heart 
muscle (iie. that of supporting the strength: of myocardial contractions). 

in patients without a history of cardiac failure, continued depression of 

the myocardium over a period of time can, in-some cases, lead to cardiac 

failure. In rare ‘instances, this has been observed during INDERAL therapy. 

Therefore, at the first sign or symptom of impending cardiac failure, 

patients should be fully digitalized, and the response observed closely: 

{a} if cardiac failure continues to progress, INDERAL therapy must be 

immediately withdrawn; {b} however, if tachyarrhythmia is being con- 

trolled, patients should be maintained on combined dosage and the patient 

closely followed until threat of cardiac failure is over. 


PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised in 
the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or 
oral hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
{pulse rate and pulse pressure changes) of acute hypoglycemia. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established, Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS 


Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed when INDERAL is introduced into the treatment regi- 
men. The added catecholamine blocking action of this drug may then pro- 
duce an excessive reduction of the resting sympathetic nervous activity. 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
tacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 


In the majority of patients INDERAL is well tolerated, and side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Nausea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and fa- 
tigue) have been observed during the course of clinical investigation. One 
case of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined with aching and 
sore throat, visual disturbances, and hallucinations have also been re- 
ported. Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL. 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 


tablished. 
DOSAGE AND ADMINISTRATION 

The oral route of administration is preferred. 
ORAL 
Arrhythmias--10-30 mg. three or four times daily, before meals and at 
bedtime. 
Hypertrophic Subaortic Stenosis~20-40 mg. three or four times daily, before 
meals and at bedtime. 
Pheochromocytoma~Preoperatively--60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent.~Management of inoperable tumor-30 mg. daily in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rate of administration should not exceed 1 mg. (1 cc.) per minute. Suffi- 
cient time should be allowed to enable a slow circulation to carry the 

rug to the site of action. Once an alteration in rate of rhythm is recorded, 
it is advisable to give no further INDERAL until the full effect is observed. 

Depending on the response, a second dose may be repeated after two 
minutes, Additional medication should not be given in less than four hours. 
Therapy with oral dosage is advisable as soon as possible. 
NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 
Inderal’ 
{propranolol hydrochloride) 

TABLETS-No. 461~Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. 
No. 464—Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 
INJECTABLE-No. $265-Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Sup- 
plied as: 1 cc. ampuls—Boxes of 10. 


| A | AYERST LABORATORIES 
ë New. York, N.Y. 10017 





INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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Meet 154 members of the Ossining Fire Departmen! 


Volunteers screened for serum 
cholesterol above 250 mg.% 
and/or serum triglycerides 
above 150 mg.% 

Recently, members of the Ossining, 
New York Volunteer Fire Depart- 
ment and its women’s auxiliary 
cooperated in a one-time screening 
program* to determine their lipid 
levels.1 These were people repre- 
sentative of most American com- 
munities—businessmen, teachers, 


shopowners, professional men, crafts- 


*Important Note: A single determination 
is not sufficient to establish the 
diagnosis of hyperlipidemia. 


men, and housewives. And from the 
tabulation of the single-test results 
among these typical men and women, 
three striking findings emerge: the 
prevalence of cholesterol levels above 
250 mg.% and triglyceride levels 
above 150 mg.%, the unawareness 
of their existence, and the early age 
of test subjects in whom they were 


found. 


Incidence of such levels—50.6%; 
unawareness almost universal 
Of the 154 subjects tested, 78 
(50.6%) were found to have serum 


cholesterol levels above 250 mg.% 


and/or triglyceride levels above 150 
mg. %. In only 7 of those 78 did 
cholesterol levels alone exceed the 


. specified value. Both cholesterol 


and triglycerides were higher in 
23 individuals, while triglycerides 
alone proved higher than the specified 
value in the remaining 48 persons. 
Of the 78 Ossining subjects noted 
above, 75 had not known about their 
lipid values. This finding is consistent 
with that of Stamler et al., who 
report that a majority of the millions 
with elevated serum cholesterol are 
entirely unaware of its presence 
because they have never been tested 
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78 of them may have elevated lipid levels. 


for it. A further note of interest : 44 
of these 78 subjects were below the 
age of 40. 


The importance of testing 

for both cholesterol and 
triglycerides 

The Ossining program only demon- 
strates the prevalence of cholesterol 
levels above 250 mg.% and/or tri- 
glyceride levels above 150 mg.%, and 
isin no way intended to imply a clinical 
evaluation. It also indicates the im- 
portance of evaluating both choles- 
terol and triglyceride levels. For 
:xample, had the Ossining volunteers 


been checked only for cholesterol, tri- 
glyceride levels above 150 mg. % 
would not have been found in 71 
individuals. 


The significance of the Ossining 
volunteers: they're like the 
patients you see every day 

The U.S. Public Health Report 
(1967), using one parameter of 
measurement, estimated that 1 out of 
5 Americans over the age of 17 has a 
serum cholesterol level higher than 
260 mg. %.? As the Ossining tests 
suggest, cholesterol represents only 
one factor in the overall assessment 


of serum lipid levels, which includes 
triglyceride concentrations as well.** 

So in your own practice when you 
test... test for both serum cholesterol 
and triglyceride levels. 





See last page of advertisement for prescribing information. Averst. 





Fredrickson‘ has found that over 95% of patients with primary hyperlipidemia 
-willbe detected if both cholesterol and triglyceride levels are determined. — 


‘Whether serum cholesterol alone is elevated... 
triglycerides alone are elevated...or both are elevated 


—Atromidss ciotibrate 


The most widely prescribed lipid-lowering agent: 

9 years of clinical experience 

When adequately repeated baseline studies reveal significantly high serum cholesterol 
and/or triglycerides, an attempt should first be made to reduce them by means of 


appropriate dietary restrictions. When the response to diet is inadequate, initiate 


ATROMIDSS therapy. 


Overall clinical experience shows that in responsive patients 
m cholesterol levels above 250 mg./100 ml. (mg.% ) have usually decreased up to 35 percent. „and reductions 
as much as 50 percent have been reported® 


M triglyceride levels above 150 mg./100 ml. (mg.% ) have usually decreased up to 61 percent...and reductions 
as much as 90 percent have been reported® 


m the higher the initial level the greater the reduction 
m lipid: lowering effect is usually noted during the first month of therapy 


The importance of maintaining Q.1.D. dosage 


Once elevated serum cholesterol and/or elevated serum triglycerides have been reduced, a reduction in dosage 
may result in a renewed rise in lipid levels. Therefore, one simple dosage regimen is recommended for all patients 
at all times, Start and maintain therapy with onecapsule (500 mg.) Q.I.D. 






AN IMPORTANT NOTE: It has not been established whether drug-induced lowering of serum choles- 
terol or other lipid levels has a detrimental, a beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current investigations can 
yield an answer to this question. 







Eight year study demonstrates continued 
control of hyperlipidemia’ 


Because of its persistent nature, hyperlipidemia requires conti nued therapy. [tis important, 
therefore, that the prescribed anti-hyperlipidemic agent maintain effective control over serum 
lipid levels. l l 
Fifty responsive hyperlipidemie patients were treated with ATROMID-S, 2 Gm, daily for 

six to eight years. Cholesterol alone was elevated in 8 patients, while both cholesterol.and 
triglycerides were elevated in the remaining 42. The group comprised 28 women and 22 men. 
whose ages range from 41 to 65 years. Normalization or substantial reduction of elevated serum 
levels of cholesterol and/or triglycerides occurred in each patient and was maintained: 

- throughout the entire period of treatment. 





$ According to the investigator, “Our data indicate that clofibrate (ATROMID-S®) isa 


potent hypolipidemic agent which may be administered continuously for long periods of time 
without any decrease in its effectiveness. ..”7 He further states: “With this agent, normalization 


of the cholesterol or triglyceride levels or both may be expected...’ 


Average reduction in lipid levels maintained throughout eight year study’ a 
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(42 Patients) 


Visible evidence of effectiveness 


This demonstration of regression of 
xanthomata with ATROMID-S (clofi- 
brate) provides visible evidence of the 
effectiveness of this agent. In some patients, 
xanthomatous lesions completely disap- 





pear, and in others their size and/or È f A 
numbers are reduced. & na A 
Before ATROMID-S 


(clofibrate) therapy 

Male, 39 years old, with long- 
standing xanthomatous lesions in- 
volving elbows, knees, palms and 
palmar surfaces of the fingers, and 
buttocks. On 2/25/69 cholesterol— 
544 mg.%, triglycerides—315 mg.%. 


If Given In Conjunction 
With Anticoagulants 






y 
x] 
=e r : y 


6YEARS 7YEARS 8YEARS 
(50 Patients) (49 Patients) (32 Patients) 





6YEARS 7YEARS 8YEARS 
(42 Patients) (42 Patients) (29 Patients) 


Adapted from Berkowitz? 





After 6 months of 
ATROMID-S therapy 


ATROMID-S therapy was insti- 
tuted on 3/11/69. On 9/26/69: 
cholesterol—289 mg.%, triglyceride— 
129 mg.%. Lesions on palms have 
disappeared completely; those on 
elbows and knees are smaller 

and softer. 


Case report on file, Medical Department, Ayerst Laboratories, New York, N.Y. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S (CLOFIBRATE). THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED BY ONE-THIRD TO ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE 
UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE LEVELS HAVE BEEN STABILIZED. 


See last page of advertisement for prescribing information. Ayerst. 


-< More than9 years of successful 
clinical experience 
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BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


ATROMID-S (clofibrate) 


Indications: ATROMID-S is indicated where reduction of 
serum lipids is desirable, e.g., patients with hypercholesterol- 
emia and/or hypertriglyceridemia. 

Patients with hyperlipemic states involving elevation of both 
serum triglycerides and serum cholesterol generally have a 
more favorable response than those with primarily hypercho- 
lesterolemia and normal triglyceride levels. However, since re- 
sponse is unpredictable, a therapeutic trial with ATROMID-S 
should be undertaken in patients with only hypercholesterolemia. 

In patients with essential hyperlipemia and xanthomatosis, 
the skin lesions frequently have regressed on ATROMID-S 
therapy. 

Contraindications: While teratogenic studies have not 
demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentra- 
tion of clofibrate than found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. f 

Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women in 
the childbearing age may be undertaken in patients exercising 
strict birth control procedures. In patients who then plan to 
become pregnant the drug should be withdrawn several 
months before conception. l 

Because pregnancy is a possibility despite birth control pre- 
cautions, the possible benefits of clofibrate to the patient must 
be weighed against possible hazards to the fetus in women of 
childbearing age. Since it is not known if clofibrate is secreted 
in human milk, the drug should not be given to lactating women. 

This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 

It is not recommended for use in patients with impaired renal 
or hepatic function. 

Warnings: CAUTION SHOULD BE EXERCISED 
WHEN ANTICOAGULANTS ARE GIVEN IN CON- 
JUNCTION WITH ATROMID-S (CLOFIBRATE). 
THE DOSAGE OF THE ANTICOAGULANT SHOULD 
BE REDUCED BY ONE-THIRD TO ONE-HALF 
(DEPENDING ON THE INDIVIDUAL CASE) TO 
MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN DE- 
TERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE 
LEVELS HAVE BEEN STABILIZED. 

Precautions: Before instituting clofibrate therapy, attempts 
should. be made to control serum lipids with appropriate dietary 
regimens, weight loss in obese patients, control of diabetes 
mellitus, etc. 

Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to de- 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 





termine that the patient has significantly elevated serum lipid 
levels. Frequent determinations of serum lipids should be made 
during the first few months of ATROMID-S administration, 
and periodic determinations thereafter. The drug should be 
withdrawn after three months if response is inadequate. How- 
ever, in the case of xanthoma tuberosum, treatment should be 
continued for longer periods (even up to one year) provided 
there is a reduction in the size of the xanthomata. 

During the early stages of ATROMID-S (clofibrate) ad- 
ministration, serum transaminase determinations should be 
made. Mild transient increases in these tests have been noted 
in some patients. This is thought to be a result of the metabolic 
effect of the drug rather than a toxic effect. However, if 
steadily rising or excessive abnormalities occur, the drug 
should be immediately withdrawn. 

Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin.or oral hypoglycemic require- 
ments. However, one investigator reported an episode of hy- 
poglycemia occurring two hours after ingestion of 1 Gm. of 
clofibrate in a patient receiving tolbutamide. Although a causal 
effect was not established, caution should be observed in dia- 
betic patients. 

Adverse Effects: ATROMID-S has been well tolerated by 
most patients. The most common side effect is nausea, noted in 
approximately 5 per cent of cases. Other less common gastro- 
intestinal side effects include vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress, Headache, dizziness, 
fatigue, weakness, skin rash, urticaria, pruritus, stomatitis 
have been reported occasionally. 

A slight and transient rise in serum glutamic oxaloacetic 
and/or glutamic pyruvic transaminases has been observed in 
some patients, but there is no evidence to suggest that this is 
due to hepatotoxicity. A few instances of increased BSP reten- 
tion have been reported. One patient receiving butobarbitone, 
phenobarbital, phenindione, tetracycline, and clofibrate devel- 
oped agranulocytosis which was attributed by the investigator 
to the clofibrate. A few cases of leukopenia have been reported, 
but relationship to ATRO MID-S administration has not been 
established. 

Polyphagia and weight gain have been noted in a few 
patients. It has been suggested that this may be due to increased 
deposition of subcutaneous fat. However, this has not been 
established nor has it been definitely determined that the 
weight gain is drug-related. Instances of weight loss have also 
been reported. One investigator reported congestive heart 
failure in a few patients on clofibrate. However, subsequent 
study by this investigator has shown no increase in circulating 
plasma volume. 

Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed a 
concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittle hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 


Ee 


been reported ; relationship to this drug has not been established. 


Dosage and Administration: For adult usage only. The 


recommended dose is one capsule (500 mg.) four times daily. 
Supplied: No. 243—-Each capsule contains 500 mg. clofibrate, 
in bottles of 100. 
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Preface 


This issue of the American Journal of Cardiology is dedicated to the memory of 
Paul Wood. Ten years have passed since Wood's death and all who were influ- 
enced by him continue to find difficult the realization that he is gone. 

Paul Wood was alive, vital, prime, and suddenly he was gone. The numbness 
that followed his death hindered all of us from adequate expression of apprecia- 
tion of his place as the distinct world leader in cardiology following the Second 
World War. l 

This present issue of the Journal certainly cannot embellish that fact; Wood 
himself, through sheer power of personality and intellect, secured that role 
(niche) in his own lifetime. His textbook of 1950, his lectures, articles, and bed- 
side teaching were sufficient signals that an exceptional man was at the National 
Heart Hospital in London, England... and as has happened throughout medical 
history, all paths led there. In those exciting years when the clinician was har- 
vesting the rich vineyard offered by cardiac catheterization, angiocardiography, 
electrocardiography and cardiac surgery, Wood proved himself a master—and 
as happens with masters—to him came students, and from him went disciples, 

Here then, ten years later, it is our pleasure to place in the literature this 
tribute to Paul Wood. He was rare company, an extraordinary bright light. And 
with the sudden absence of that light, there was too much not yet said in his 
honor by his friends. : me 
; E. Grey Dimond, MD, FACC 

“Kansas City, Missouri 
Guest Editor 


Assisted by 


Edward Lawson McDonald, MD, FRCP, FACC 
London, England 


Oscar Magidson, MD, FACC 
Los Angeles, California 


Jane Somerville, MD, MRCP 
London, England 
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Paul Hamilton Wood 
E. Grey Dimond, MD, FACC 


< Paul Wood and I met in 1958 in Kansas, U.S.A. He 
was at the peak of his career and came to the 
University of Kansas as visiting professor. I was 
chairman of the Department of Medicine and his 
host. He stayed at my home, in what was then 
rural Kansas, for three days and after an initial 
day of sparring conversation, we both relaxed and 
found ourselves discussing life, people, values, 
goals—and in fact everything but cardiology. This 
proved to be the pattern followed in subsequent 
meetings and, without mutual discussion, we 
thoroughly avoided comparing opinions on mur- 
murs, T waves or digitalis. I suspect both of us 
realized that his special brand of dogma and his 
technique of teaching by the verbal spear would 
not have allowed us a friendship. Over the years 
as I saw him “perform” at the National Heart 
Institute and then was alone with him in London, 
Edinburgh, California and Colorado, I unraveled 
my own view of a complex personality. 

The man by the fire, a drink in hand, thought- 
fully analyzing his next career move: Should he 
leave the Institute of Cardiology, how could he 
remain on top in his field in these next years, how 
could he handle the next era in cardiology with 
its biochemical and pharmacologic base, which of 
his young followers should take his place at the 
Institute, should an American be brought in, how 
could he juggle the load of patients, book, travel, 
teaching . . . easy in shared conversation, seek- 
ing another’s opinion, willing to look inward and 
expose the normal insecurities. 

And this same man on ward rounds, a boxer 
on his toes, sparring, teasing, blocking, hitting. 
A cerebral duel. Stimulated, keyed, not at ease and 
no one with him at ease. Sharp wit, pithy. A 
verbal sally, a cold glance followed in an instant 
by a sensitive half smile. Suddenly an unexpected, 
excessive guffaw that left all others with nervous 
laughter. In command because he was better than 
those around him, respected because of this and 
because he simply worked exhaustively with un- 
changed standards. Respected, yes, by those also 
who did not give before him and who would not 
tolerate his rapier. My advantage was that I did 


not live in London and that he and I did not.com- 
pete or join in battle. It would have been hard to 
work for or around Wood. Hard, but it would 
have left one with the awareness that he had 
been exposed to one of the great teachers of his 
time ... and had earned the privilege of saying 
for the rest of his career, “Yes, I was with Paul 
Wood.” 


There was still another Paul Wood. A gay, a 


laughing man enjoying a good dinner, well chosen. 
wine, dance music, good company, attractive 
ladies. Careful concern for the details of the menu, 
wines to fit, expecting, demanding good service. 
Reaching out, drawing others into the conversa- 
tion. Aware of flowers, music, mood. Charming 
to women and men alike. 

My last time with him was just weeks before 
his death. In 1962, I was president of the Ameri- 
can College of Cardiology and it was my privilege 
to choose a guest from overseas. Paul accepted 
the invitation and flew to Los Angeles, where I 
met him. We spent the next seven days together, 
in Los Angeles, in La Jolla and at the College: 
meeting in Denver, Colorado. We shared the full 
seven days of travel, food, talk and teaching. 
We talked until dawn and worried over questions: 
that bothered us. His moods were in rapid motion, 
and for the first time I saw another facet, that of. 
self-criticism and feeling of sudden remorse after 
a telling riposte. From high gaiety to personal self- 
doubt, in a moment. He was tired and frankly 
said that he had to stop some of the things he was 
doing. But what? We talked, shared, planned, 
agreed. The week came to an end and when we 
said goodbye on a June day in Denver, we thought 
we would meet again in London in the summer. 

When I learned of his death I felt cold, and 
although living is a procession of losing friends, 
I could not accept, and his friends could not, the 
passing of Paul Wood. He was so keenly a living, 
thinking, sensing, creating man among men. How 


could he be gone? Ten years later, his impact is: a 
still real and this issue of the Journal is an ex- = 
pression on behalf of those who remember well... 


and honor Paul Hamilton Wood. 


Dr. Dimond is Provost for the Health Sciences, University of Missouri, Kansas City, Missouri. 
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Personal and Medical Background, 
Contributions to Cardiology 


The following three items are of special interest because they are in Wood's 
‘awn words and were prepared by him. These are Particulars—~Personal, Particu» 
lars—Medical, Contributions to Cardiology. The last item, again in his own phrasing 


-and words, is his own listing of his work and those items which he considered as 


‘personal contributions. 


“AGE 
"HEREDITY 
-BORN 


EDUCATED 


SCHOLARSHIPS, ETC. 


-SPORT 


~ RECREATIONS 


_ CRIMES (detected) 


BRIGADIER PAUL WOOD, 0.B.E. 


_ PARTICULARS—PERSONAL 


= 54, Married 1934. Three children 
Gra ndfather and great-grandfather—physicians. Father ndian Civil Service. 
-2 Conoor, India, 1907 


‘English prep. school aet 31-13. 


Launceston Grammar, Tasmania 13-17 

Trinity College, Melbourne 17-23 

School: -held two scholarships at school in Tasmania—numerous prizes in. 
wide variety of subjects; top of class throughout; top of school. 2 
years ne 


University: honours 1) Surgery l 
we 2) Obstetrics and gynaecology 
failed medicine: passed supplementary 


1st school team in cricket, football, tennis and athletics. 


Rugby blue at University. 


Played with combined Australian Universities against Japanese 


Universities, and chosen to play against New Zealand University. 


Ski-ing and squash 


Successfully impersonated the Queen when. she visited Melbourne as the 
Duchess of York in 1927 (see life of King George VI). 
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QUALIFIED 


"HOUSE APPOINTMENTS — 


"SENIOR APPOINTMENTS 


ARMY 


HONOURS & AWARDS 


LEARNED SOCIETIES, ETC. 


< LECTURESHIPS 


AUTHOR 


PARTICULARS—MEDICAL 


M.B.,B.S. l Melbourne 
M.D. Melbourne 
M.R.C.P. Be London 
F.R.C.P. tendon 
_ House Physician — “Christchurch: General ‘New Zealand 
House Physician. Brompton Hos al 





Resident Medical Officer National Hea ; 


First assistant, British Postgraduate Medi ; 
Consulting cardiologist, British Postgraduate edical School 
Physician to out-patients, National Heart Hospital 

Physician Emergency Medical Service i/c Effort Syndrome Unit, 
Mill Hill i 


Medical specialist, Chester, 5 months — 

First Army—Officer i/c Medical Division 96, 103; and 
48 (Br) General Hospitals 

Consulting Physician C.M:F. 


Mentioned in despatches 
O.B.E. 


Member of Association of Physicians, Great Britain and Ireland 
Member of Cardiac Society, Great Britain and Ireland 

Member of London Cardiological Club 

Committee members of section of experimental medicine, Royal 
Society of Medicine 


Goulstonian Lecturer, Royal College of Physicians 


Numerous articles in scientific journals. Textbook on diseases 
of the heart 
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CONTRIBUTIONS TO CARDIOLOGY: CLINICAL 


“© ESR down in congestive failure; plus in syphilitic aortic insufficiency 1936 
è Graph in cardiac infarction l 
© Re-introduction of left and right heart failure in Britain — 1935 
è Value of circulation time and measurement of venous pressure 
è Pericardial T2 pattern 1937 
+ P mitrale from left ventricular failure 1939 
* Systolic clicks due to left sided pneumothorax (with Scadding) 1939 
è Chest lead E.C.G. in massive pulmonary embolism 1941 
è Digitalis works in norma! rhythm 1940 
-® Da Costa’s syndrome l 1942 
e Recurrent pericarditis from foreign body oe 1945. ° 
© Action of digitalis—disproving Dock, Schafer etc. 7 erao 1948! 
_ © Weight of heart in ischaemics varies in relation to duration of failure > San o 1949 - 
-$ The truth about mitral insufficiency also paradoxical L.A. pulsation , = 1950 
© Cardiac enlargement in rheumatic carditis with pericardial effusion ee 1950- 
_ © Wide split of atrial septal defect; ECG of A.S. D.; lack of pulmonary hypertension in A. s. D. ; 1950 
-e Pulmonary plethora . | 1950 
: © Perfected technique of right heart catheterization : 1947 Es 
© St. Cyres lecture ; . ; 1950 
_® Introduced the four grades of effort intolerance 
Giant a wave of pulmonary hypertension and pulmonary stenosis 1950 
Tapping first sound—paipable mitral insufficiency and no LV. thrust 
Cardiac impulse hyperkinetic or pressure-load idea 


Left and right ventricular rocks as see-saw 
Torrential mitral blood flow causes mid-diastolic murmur in ventricular septal defect 
and patent ductus, follows 3rd sound like Carey-Coombs murmur 
Normally split 2nd sound. P2 follows A2 (clinical) 
Pulmonary ischaemia 
Mid-diastolic murmur of coarctation, Visible stricture in coarctation 
Pulmonary vasculature resistance not related to duration of shunt (patent ductus, VSD, ASD) 
Hyperkinetic LV impulse of VSD. PEDminant V6- Q wave of VSD 
Maladie de Roger re-defined. 
Proof that pulmonary stenosis is very common instead of rare. 


First classic description. of PS with normal aortic root, with degrees of severity. 
P.S. with reversed interatrial shunt. 


® Murmur of pul. atresia in 90% -+ » 

e Wood's effort test—Iischaemic S-T segment 

Use of drugs to facilitate auscultation—-phenylephrine 1951 
Wood's concept of pulmonary hypertension and Eisenmenger's syndrome 1952 


eo o o o o o oo 





© 


Mitral stenosis paper 
-relation of valve involvement to stress load 
behavior of R in MS 
pulmonary oedema: with low R 
classification of haemoptysis 


ue low output angina pectoris 


embolism and left atrial clots, etc. 


“= o Waterhammer pulse of mitral insufficiency 


e 8 « eto o sos >»... s 


oe Å.. e 


se 6 o © o © © o oo 


the steep Y descent 

length of mid-diastolic murmur 
mitral index 

mitral stenosis types 


+ Réyanotic Fallot 


Ry /v ratio ; 

_ Diagnosis of tricuspid stenosis, slow ‘y’ descent 
Acetylcholine test 

Proof of vasoconstriction in pulmonary hypertension 


Rate of ascent in aortic stenosis pulse 
Starling curve illustrated by nodal rhythm 


Invisible carotid pulse in aortic stenosis. Bisferiens means aortic insufficiency 


Eisenmenger's syndrome. Concept. ASD doesn’t operate at birth. 
2nd sound in the three levels of shunt. Hypoxic dyspnoea. 


Classification of pulmonary hypertension. Passive. Hyperkinetic 
- Fibrillating mitral cardiomyopathy 


Left atrial pressure and right atrial pressure in Pick’s; R low 


Myopathy in general 


Anticoagulants in acute coronary insufficiency 

Behavior of pul. ejection click, RA lifts valve dome 

Syncope in Fallot’s tetralogy. Inflow shut down 

Sinus arrhythmia in pulmonary atresia and other observations. 
Polyuria in paroxysmal atrial fibrillation 


CONTRIBUTIONS IN CARDIOLOGY: ADMINISTRATIVE, TEACHING, WRITING 


Started cardiovascular dept. at Hammersmith 

Started Institute of Cardiology at Fraser’s direction: Dean and then Director 
Started proper cardiac department at Brompton 

Started Cardiac set-up at Taplow with Bywaters 

Wrote Diseases of the Heart and Circulation 

Wrote innumerable articles in scientific journals 

Gave innumerable named and unnamed lectures 

Undertook many tours.abroad 

Initiated British Heart Foundation 
Helped establishment of Halstrome in Sydney and Green Lanes Hospital in Auckland 
Developed particular method of teaching and clinical examination of patient 
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Selected Publications 


> The following bibliography of Wood’ s articles is headed “selected publications” 
Scand again is essentially as listed in his papers. There are undoubtedly significant 
omissions, and the editor apologizes for such incompleteness. Wood's textbook, 
_ Diseases of the Heart, is not listed here as it is cited earlier in this volume. 


s Wood: Selected Publications 


os The treatment of auricular. fibril llation with strophanthin emini (jointly) (Bedford DE, “Campbell M, 1935 & 
_ Wood P). Guy’s Hosp Rep 85:185—190 


The erythrocyte sedimentation rate in diseases of the heart. Quart J J Med 5:1-19 © 1936 


‘Right and left ventricular failure. A study of circulation time and venous blood pressure. Lancet 
oo 2:15-18 iors 
os e Electrocardiographic changes of a Ts pattern in pericardial lesions and stab wounds of the heart. 1937 
Lancet’ 2:796—799 


© The use of chest leads in clinical electrocardiography eae) (Wood P, Sorsky E). Amer Heart J 
13:183-196 


e Cardiac complications of major abdominal surgery. Proc Roy $ Soc Med 31: 676-684 1937- 
1938 
e Precordial leads in aaia waite Brit Med J1:187 1938 
1+ Anew sign of left ventricular failure (jointly) (Wood P, Selzer A). Brit Heart J 1:81-85. 1939 


~@ Chest leads in clinical electrocardiography (jointly) (Wood P, Selzer A) Brit Heart J 1:49-80 — 


Systolic clicks due to left sided pneumothorax (jointly) (Scadding JG, Wood P). Lancet 2:1208— 
1211 


The clinical aspects of the vitamin-B complex. Proc Roy Soc Med 32:817-822 


s 
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The action of digitalis in heart failure with normal rhythm. Brit Heart J 2:132-140 


Pulmonary embolism—diagnosis by chest lead electrocardiography. Brit Heart J 3:21-29 
Da Costa’s syndrome (or effort syndrome). Brit Med J 1:767—772; 805-811; 845-851 
Discussion on the nature and treatment of the effort syndrome. Proc Roy Soc Med 34:543—549 


‘Congenital pulmonary stenosis with left ventricular enlargement associated with atrial septal defect. 


Brit Heart J 4:11-16 . oe 
Electrocardiographic appearances in acute and chronic pulmonary heart disease. Brit Heart J 10:87 
Congestive heart failure. Brit Encyclopaedia Med Practice, no. 64, January, interim supplement 


Management of hypertension. Brit Encyclopaedia Med Practice no. 74, November, interim supplement 


The effect of digitalis on the venous pressure (jointly) (Wood P, Paulett J). Brit Heart J 11:83-91 


Hypertensive and ischaemic heart disease (jointly) (Harrison CV, Wood P). Brit Heart J 11:205—229 


“Traumatic lesions of the heart and great vessels. Practitioner 162:115—121 


The diagnosis of syphilitic aortitis. Brit Encyclopaedia Med Practice, November 

Cardiac infarction with bundle branch block (jointly) Brit Heart Jd: 305-324 

Atrial septal defect Gointly) (Barber JM, Magidson O, Wood P) Brit Heart J 12, 277-292 
Congenital heart disease (St. Cyres Lecture). Brit Med J 2: 639-645; 693-698 - 

Cardiac neuroses. Brit Med J 11:33-35 ; 

The management of rheumatic fever and its early complications. Proc Roy Soc Med 43:195—199 
Cor pulmonale. Brit Encyclopaedia Med Practice, 2nd edition 111:657 


The effort test in angina pectoris (jointl y) (Wood P, McGregor M, Magidson O, Whittaker W). Brit 


Heart J 12:363-371 


i Pulmonary stenosis with normal aortic root (jointly) (Abrahams DG, Wood P): Brit Heart J 13:519- 


548 
Diagnosis of pericardial effusion by means of cardiac catherization. Brit Heart J 13:574 


Valvotomy for mitral stenosis (jointly) (Baker C, Brock RC, Campbell M, Wood P). Brit Med J 1:1043— 
1055 


Pulmonary hypertension. Brit Med Bull 8:348~353 


Treatment of heart disease. in, Medical Treatment. Principles and et Application (Evans G, ed). 
Buttersworth, London 


An appreciation of mitral stenosis. Brit Med J 1:1051-1063; 1113-1124 


Ventricular septal defect with a note on acyanotic Fallot's tetralogy (jointly) (Wood P, Magidson O, 
Wilson PAO). Brit Heart J 16:387~406 


A new method of determining the degree or absence of mitral obstruction (jointly) (Owen SG, Wood 
P). Brit Heart J 17:41-55 


The diagnosis of tricuspid stenosis (jointly) (Gibson R, Wood P). Brit Heart J 17:552—562 
Pulmonary oedema due to angiocardiography (jointly) Brit Med J 2:695-696 
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1940 
1941 





1942 


1948 


1949": 


1950 





1951. 


1952 





1954 


1955. 





1956 


ge 


The effect of acetylcholine on pulmonary vascular resistance and left atrial pressure in mitral ste- 


nosis (jointly) (Wood P, Besterman EM, Towers MK, Mcilroy MB). Brit Heart J 19:279-286 
Aortic stenosis. Amer J Cardiol 1:553-571 
Amisometradine, a new oral diuractic (jointly) (Jose AD, Wood P). Brit Med J 1:9-12 


The Eisenmenger syndrome. Brit Med J 2:701—709; 755-762 


-Pulmonary hypertension with special reference to the vasoconstrictive factor. Brit Heart J 20:557— 


570 


The clinical picture correlated with physiological observations in the diagnosis of songagital heart 
disease (jointly) (Wood P, McDonald L, Emanuel R). Pediat Clin N Amer November, 981 


Use of iproniazid in ischaemic: angina pectoris (jointlyy (Towers MK, Wood P}: Brit Med J 2:1067- 
1068 


Pulmonary hypertension. Mod Cone Cardiovasc Dis 28: 513-518 
The myocardial factor in mitral’ valve disease oint (Fleming HA, Wood P). Brit Heart J 21: 117- 


122 
Chronic constrictive pericarditis. Amer J Cardiol 7: 48-61, 1961 
‘Acute and subacute coronary insufficiency. Brit Med J.1:1779-1 782 


‘Lung stiffness in states of abnormal pulmonary blood flow and pressure (jointly) (Davies H H, yalliams 
_ J, Wood P). Brit Heart J 24: 129-138. ees 


Polyuria in paroxysmal tachycardia and paroxysmal aial flutter and fibrillation (Posthumous a article, 


finished by Campbell M). Brit Heart J 25: 273-282, 1963 
Addendum to previous article. Brit Heart J 25: 689-690 
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1957 


1958 


1959 


1961 


1962 


1963 


An Informal Album 





Top left: Paul Wood. Age 8. 


Top right: July 1931. Paul Wood and Elizabeth Guthrie (Mrs. Wood). Just after winning 12 mile Langlauf from the top of the 
Tasman Glacier to Ball Hut, Mount Cork, New Zealand. Time: 1 hour 9 minutes. 


Bottom: Summer 1937 on the wards of Hammersmith Hospital. H. Chaudhuri, postgraduate student from Rangoon; Paul 
Wood, first assistant in Cardiology; Prof. Francis R. Fraser, Chief, Department of Medicine; J. H. Jennings, first assistant in 
Neurology (photo, courtesy Arthur Selzer). 





Top left: Summer 1935. Elizabeth and Paul Wood, on the 
roof of a block of flats where they had their first home, King’s 
Court Hammersmith. This picture and the one below span 
their married life. 


Bottom left: Summer 1962. Paul and Elizabeth Wood at 
home at Murthbank, Heridge Lane, London. 


Top right. Early 1942. In the Royal Army Medical Corps at 
Chester. 


Bottom right: Lord Brock, Maurice Sokolow, Paul Wood. At 
Wood’s home, 1954 (photo, courtesy Maurice Sokolow). 





Paul Wood, relaxing in Beirut. 


Obituaries 


Paul Wood's death in 1962 was noted by the leading British medical 
journals. The following three obituaries are reprinted from the British 
Medical Journal, the Lancet and the British Heart Journal. 


BRITISH MEDICAL JOURNAL 


PAUL WOOD, 0.B.E., M.D., F.R.C.P. 


Dr. Paul Wood, director of the Institute of Cardiol- 
ogy, University of London, died in the Middlesex 
Hospital on July 18 at the height of his renown 
as a physician and teacher. He had been working 
with vigour and enthusiasm until less than 48 
hours before his death. He was 54 years of age. 
Paul Hamilton Wood was born in 1907 in 
«Coonoor, India, where his father was an official 
«in the Indian Civil Service. He was at school in 
_ England between the ages of 314 and 13, and there- 
after at Launceston Grammar School in Tasmania. 
“He read medicine at Melbourne University, grad- 
- uating M.B., B.S. in 1931, and did his house ap- 
pointments at Christchurch General Hospital, New 
Zealand. Coming to Britain in 1933, he was ap- 
= pointed house physician at the Brompton Hospital 
and afterwards resident medical officer at the Na- 
tional Heart Hospital. His. first association with 
the Hammersmith Hospital was in 1935 as first 
assistant to the professor of medicine at the 
British Post-graduate Medical School as it was 
then; In 1937 he was appointed physician to out- 
patients at the National Heart Hospital, and in 
-1941 consulting cardiologist at the British Post- 
graduate Medical School. After two years with 
the Emergency Medical Service he joined the 
R.A.M.C. in 1942 and eventually became consult- 
ing physician to the Central Mediterranean Forces 
with the rank of brigadier. He was awarded the 
O.B.E. and mentioned in dispatches. 
After the war Paul Wood returned to the British 
Post-graduate Medical School as physician and 
senior lecturer, where he remained until 1948. He 


_ was appointed dean and director of the newly 
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founded Institute of Cardiology in 1947, and its 
growth and expansion were largely the result of 
his endeavour. He had been cardiologist to the 
rheumatic fever unit, Canadian Red Cross Me- 
movrial Hospital, Taplow, until his appointment as 
cardiologist to the Brompton Hospital. At the 
time of his death he shared his activities between 
the Institute of Cardiology and the National Heart 
Hospital and the Brompton Hospital, and he was 
alse engaged in private consulting practice. AS a 
guest lecturer, he had visited many European and 
Middle Eastern countries and all parts of the Com- 
monwealth and United States. He was an honorary 
member of numerous cardiac societies in Common- 
wealth and foreign countries, had served on the 
council of the British Cardiac Society, and he was 
one of the founder members of the British Heart 
Foundation. 

In his earlier years Wood had been a versatile 
athlete, representing his school at cricket, rugby, 
tennis, and athletics. He won his colours for rugby 
at his university and was chosen for the combined 
Australian Universities against the Japanese and 
New Zealand Universities. More recently he had 
found a fresh and engrossing interest in garden- 
ing, studying rose-growing with characteristic zest 
and gusto. 

Paul Wood’s main contribution to medicine was 
the refinement and perfection of clinical bedside 
diagnosis. His technique was based on simple de- 
ductive reasoning. It depended on acute observa- 
tion—the jugular venous pulse was a magnet for 
his eyes—sensitive palpation, and careful. auscul- 
tation. When the senses had contributed all they 
could, he turned to the electrocardiogram and (the 
word of his choice) the skiagram. Point followed | 
point in crystal-clear logic until the bedside diag- 
nosis was reached with near-mathematical pre- 
cision. If the sequence went astray and the facts 
did not fit into what should be the reasonable 
conclusion, the thing to do was retrace one’s path 
and re-examine the steps to find where the fault 
lay. Finally the catheterization and angiocardio- 


Staha DP 


graphic findings and other tests were invoked, but 
one stage was not left until every smallest scrap of 
information had been drawn from it. The end- 
point of this exercise was the final diagnosis, and 
if it had a weakness this was the time to declare it. 


— : But if the facts had been observed correctly there 
should be no fallacy : and usually there was none. 


The platonic form of diagnostic reasoning had 
-` always appealed to Wood. When he came to London 
in 1933 he believed he would find it in neurology 
as the nearest approach to an exact medical disci- 
pline. He had his eye on Queen Square and had no 
interest in heart disease. He applied for the post 
of resident medical officer at the National Heart 
Hospital because there were no vacancies at Queen 
Square and he was appointed. It was not until 
1947 that he made the first move which was subse- 
quently to influence his thinking and entire ap- 
proach to cardiology. In the late spring of that 
year he performed his first cardiac catheteriza- 
tion in a small room at Hammersmith, literally 
across the corridor from where McMichael and 
Sharpey-Schafer had pioneered this technique in 
_ Britain for the investigation of cardiac output and 
failure. The intellectual climate of Hammersmith 
had always suited him. The sharp interplay of 
quick minds, the curt exposure of a weak argu- 
ment, the abrupt riposte—this atmosphere de- 
lighted Wood, though he always felt at a disadvan- 
tage through his lack of a formal training in cir- 
culatory physiology. The late 1940’s found him 
busily catheterizing, annotating his data in rows 
of neat figures, and so creating the basis for the 
correlation between haemodynamics, anatomical 
findings, and physical signs which was to make 
him eventually the accepted master of clinical diag- 
nosis. Cardiac surgery was then in its formative 
years, and through his appointment as cardiologist 
to the Brompton Hospital Wood found himself in 
an expanding and active surgical environment. 
His St. Cyres Lecture in 1950 on “Congenital Heart 
Disease” (Brit. Med. J., 1950, 2, 689 and 693) was 
in a sense a report on the work in progress. Looked 
at over a span of twelve years it is a memorable 
and historical opus, being the first comprehensive 
review of congenital heart disease from a func- 
tional as distinct from an anatomical viewpoint. 
It set out new diagnostic standards which are in 
routine use to-day. “An Appreciation of Mitral 
Stenosis,” which appeared as the Strickland 
Goodall Lecture four years later (Brit. med. J, 
1954, 1, 1051 and 11138), was in essence an inter- 
pretation of the clinical details and results of 
haemodynamic studies in patients with mitral 
stenosis in terms of the natural history of the 
disease and its suitability for surgical correction. 
The explanation of the physiological mechanisms 
responsible for the signs and symptoms of mitral 


disease as set out in that lecture has stood up too 
the test of the years. a 

Those close to Paul Wood will be familiar with _ 
his repeated advice to anticipate the development _ 
of events, to have the solution ready by the time | 


the problem occurs. Busy with his cardiac catheter - 


in the early and mid-1950’s, he had collected hun: 
dreds of records of pulmonary artery pressures in - 
intracardiac septal defects, in shunts and resis- 


tances, and in changes after his beloved Valsalva 


manoeuvre and acetylcholine injections. By the 
time surgeons were closing atrial and ventricular 
septal defects Wood had assembled his data on pul- 
monary hypertension in congenital heart disease, 
a crucial factor in the selection of patients for 
closure of these defects. His Croonian Lectures 


of 1958 on “The Eisenmenger Syndrome” (Brit. © 


med. J., 1958, 2, 701 and 755), delivered at the 
Royal College of Physicians, is the current stan- 
dard reference on this subject. By the end of the 
war Wood had completed the manuscript of a text- 


book on heart disease, but it was lost—or stolen, 


as he maintained—in his last few months of Army 
life. The rewritten work, Diseases of the Heart and 
Circulation, which appeared in 1950, had an attrac- 
tively incisive style and revealed a talent for sim- . 
plifying a complicated subject which had the re- Su 
viewers on both sides of the Atlantic praising the 
new book with identical superlatives, It quickly 
became a world-wide best-seller and was trans- 
lated into many foreign languages. The second 
edition followed six years later. The third edition 
was to have been entirely rewritten and the task 
was half completed by this July. 

As a teacher Paul Wood’s manner always ex- 
cited lively comment among registrars and post- 
graduate students. Faced with a complicated case 
of congenital heart disease, everyone knew that 
P.W. was thinking faster than they were, linking 
fact with fact, discarding this point, accepting that 
one, He was exuberantly vain about his speed of = 
thought and poured his vitality into these diag- © 
nostic exercises, usually without constraint, often 
impatient of criticism. Yet if someone asked how 
he reached a certain conclusion he would patiently 
retrace his steps. An irrelevancy would be curtly 
dismissed. If the argument were pressed, he would: 
take it asunder point by point and throw it back 
mercilessly at its author. In this way a few were 
humiliated and others deflated; and many learned 
the consummate virtue of thinking before speak- 
ing. The consulting-room and the patient’s home 
showed up an aspect of disease not seen in the 
hospital wards or out-patients department. For 
this reason Wood was a strong partisan of the 
part-time consultant. His manner with patients 
was intense, personal, direct, with an appeal to 
their intelligence. The intelligent were captivated, 
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the more simple gladly accepted the clear ex- 
planations from him who had become in later 
years “the great man.” He was the special cham- 
pion of the out-patient whose referring letter de- 
scribed him as uncooperative, malingering, 
neurotic. He had a way with the sullen, hostile 
patient, and the trembling, anxious woman would 
soon be smiling. Wood’s world-wide fame as a 
consultant grew each year because, apart from 
his academic reputation, he was a superb physician 
with a sensitive concern for every person in his 
care. 

Only his close intimates knew that this rather 
ascetic-looking man had a warm, endearing per- 
sonality. A larger circle of colleagues and reg- 
istrars learned that, if they asked for an inter- 
view, Wood gave his undivided attention, seru- 
tinized the papers they gave him to read, and com- 
mented, often at length, on their views and ideas. 
In periods of relaxation he was gay and efferves- 
cent with a puckish sense of humour and a reputa- 
: tion going back to student days for well-planned 
pranks. Some of the adventures attributed to him 
are apocryphal, but there is abundant proof that 
in 1927, before the eyes of thousands, he success- 
fully impersonated a Royal Personage during a 
state visit to Melbourne. 

The inevitability of death had never caused Paul 
“Wood any concern or anxiety. Discussing mor- 
tality figures, he would remind an audience that, 
after all, the mortality of the population in that 
lecture room would be eventually one hundred per 
cent. In his own brief illness, a coronary throm- 
- bosis, he displayed the same sensible concern as if 
“he had been physician rather than patient, and at 
no time did he show a trace of anxiety or fear. His 
only unequivocal instruction was that, if the un- 
expected were to happen and this attack prove 
fatal, resuscitation was not to be attempted. One 
-suspects now, knowing all the facts, that P.W. 
would not have been critical of his own lot, and 
-he would have discounted any tragedy in it. The 
tragedy is not that he died, but that his death hap- 
pened when it did, leaving so much of his work 
unfinished. 

In 1934 Paul Wood married Elizabeth, daughter 
of the late John Guthrie, M.S., F-R.C.S., of Christ- 
church, New Zealand, and had a daughter and two 

~ gons, the younger of whom is at school at Harrow. 
—W.S. 


W.B. writes: Paul Wood’s untimely death from 
the disease which he studied so much has left his 
friends and colleagues stunned and sad. In his 
relatively short professional life he reached a 


status in cardiology second to no one. This was 
achieved by sheer ability, a fantastic capacity for 
work, and desire to find the truth. 

I first met him during the war in an R.A.M.C. 
Officers’ Mess where, the centre of a small group, 
he was provoking discussion, stimulating thought, 
and unconsciously attracting pupils by his keen 
and critical mind. Throughout the years that fol- 
lowed that scene was repeated on innumerable oc- 
easions in clinics and wards, lecture rooms, and at 
conferences at home and overseas. During the post- 
war years he made many important contributions 
to the great expansion of knowledge which has oc- 
curred in the field of cardiovascular disease, and 
his clinical teaching influenced countless medical 
men. Thousands who did not have the privilege of 
working with him will have learned much from 
his famous book, which is largely an account of his 
own observations of heart disease. It includes the 
results of many original investigations which 
might well have been the subjects of separate 
papers. 

I believe his greatest contribution was in the 
teaching of clinical discipline in cardiology: a 
history was more exciting and rational with P.W. 
as interpreter, and physical examination was an 
exercise in applied physiology. I think he was 
more interested in the value of natural experiment 
and observation than in laboratory techniques, 
though he was quicker than most to evaluate lab- 
oratory evidence and apply it to the clinical prob- 
lem. As director of the Institute of Cardiology he 
has played a great part in the Institute’s develop- 
ment, and it is sad that he will not work in the new 
wards and laboratories of the National Heart 
Hospital which he helped to plan. Few committee 
meetings at the Institute have passed without 
provocative and wise comment from Paul; some- 
times there was animated discussion, but no ran- 
cour, and I know that he derived much pleasure 
from the friendship of his colleagues. 

He was concerned about the welfare and status 
of cardiological technicians'and made great efforts 
on their behalf when president of their Society. He 
was one of the principial architects of the National 
Heart Foundation, and his enthusiasm will be a 
loss to its scientific committee, 

His was a full and wonderful life; incapacity 
would have been intolerable to him. He will be 
greatly missed by his colleagues, but always re- 
membered not only for his enthusiasm and vivacity 
but because his influence will be felt for years to 
come in all of the places where he worked. His 
heme and garden gave him great pleasure, and to 
his devoted wife and family we extend our sym- 
pathy, knowing that they may find some consola- 
tion in their awareness of the magnitude of his 
contribution to medicine. 
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THE LANCET 


PAUL HAMILTON WOOD 
0.B.E., M.D. Melb., F.R.C.P. 


Dr. Paul Wood whose death in London on July 13 
we announced last week was physician to the Na- 
tional Heart Hospital, and the first director of the 
* Institute of Cardiology. The success and interna- 
tional reputation which the institute has achieved 
is largely due to his leadership, enthusiasm, and 
unceasing hard work. 

He was born at Coonoor in 1907, the son of 
Richard Boardman Wood, an Indian Civil Servant, 
who later returned to England, and then moved 
to Australia. Paul Wood was educated at Laun- 
ceston Grammar School, Tasmania, and Trinity 
College, Melbourne University. After qualifying 
in medicine in 1931, he held resident appointments 
at the Christchurch Hospital, New Zealand. He 
came to London in 1933 and was a house-physi- 
cian at the Brompton Hospital. Later he became 
_ resident medical officer at the National Heart Hos- 
pital, where his outstanding abilities were quickly 
appreciated, and in 1935 Sir Francis Fraser in- 
vited Wood to join his staff at the newly created 
= Postgraduate Medical School at Hammersmith, 
as first assistant in charge of cardiac patients. In 
due course Wood became physician and senior 
- lecturer at Hammersmith. 

In 1937 he had been elected assistant physician 
to the National Heart Hospital, and at the out- 
break of war he joined the Emergency Medical 
Service and was attached as cardiologist to the 


+ effort-syndrome unit at Mill Hill, where he worked 


>for two years. The results of his investigations 
there were embodied in the Goulstonian lecture on 
Da Costa’s syndrome which he gave to the Royal 
College of Physicians in 1941. 

In 1942 he joined the R.A.M.C., and served as 
officer in charge of a medical division in Military 
Hospitals in North Africa and Italy. In 1945 he 
became consulting physician to the Central Medi- 
terranean Force, with rank of brigadier. He was 
mentioned in despatches, and later was appointed 
0.B.E. in recognition of his services. 

During the war he started to write his textbook, 
though the manuscript was lost in Italy, and he 
also found time for clinical research in association 
with Captain Jan Brod, now professor, and direc- 


Reprinted by permission from the Lancet, Volume 2, July 
28, 1962, pages 205~206. 
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tor of the Institute of Cardiovascular Research in = 


Prague. It was a great pleasure to Wood that, a 
few weeks ago, Brod gave the first Hailé Selassie 
lecture of the Institute of Cardiology in London— 
a lectureship largely founded through Wood’s own 
efforts. 

In 1947 he became cardiologist to the rheumatic 
fever unit of the Canadian Red Cross Memorial 
Hospital. The same year he was appointed dean 
of the Institute of Cardiology, and he became its 
first director in 1949. In 1948 he joined the Bromp-_ 
ton Hospital as physician in charge of the cardiac 
department. There, through his association with’ 
Sir Russell Brock and other surgeons, he took an 
important part in recent advances in cardiac stir- 
gery. Indeed, he took a leading part in everything 
related to cardiology. 

He had been president of the Society of Cardio- 
logical Technicians. He was an active member of 
the British Cardiac Society, a member of the 
cardiology committee of the Royal College of Phy- 
sicians, and on the board of governors of the Na- 
tional Heart Hospital, and gave endless time and 
labour to supervising every detail of its rebuilding. 

He had a supreme command of English, and an 
impeccable literary style. His numerous papers 
showed his remarkable ability to correlate clinical 
and physiological observations. In his book on 
Diseases of the Heart and Circulation (1950), 
which was everywhere acclaimed as a master- 
piece, he analysed his own vast clinical experience, 
reviewed that of others which seemed most impor- 
tant, and set forth his personal opinions and con- 
clusions, with clarity and precision. The profound 
influence of this book on cardiological thought and 
practice throughout the world will form a lasting 
tribute to a great physician. At home and abroad 
he was a popular lecturer, and he had lately made 
an arduous tour as Sims travelling professor in 
Canada, 


J. McM. writes: 


“Gifted with a clear, precise, and logical mind, Paul 
Wood shed light on many dark corners of cardiology. 
With the development of modern tools of intracardiac 
investigation, his energies were fully used in the clari- 
fication of symptoms and signs so beautifully presented 
in his well-known monograph. Chest-lead electrotar- 


diography, pulmonary embolism, Da Costa’s syndrome, / : 


mitral stenosis, and the infinite and perplexing variety 
of congenital heart disorders were all illuminated and 
indeed rewritten as a result of his efforts. In his com- 








pany loose thinking and idle speculation were quickly 
brought to an end by some devastating remark. He set 
an example of industry and effort which has raised the 
standard of the practice of cardiology not only in this 
country. but throughout the Commonwealth. Perhaps 
his early struggles through the years of academic 
penury stamped themselves indelibly on his nature, for 
‘he never ceased to fight hard and firmly for his rights 
and for his ideals. The Institute of Cardiology is his 
creation, and it will now become his monument.” 


His colleagues at the thoracic unit at Great 
Ormond Street recall an association of over 15 
years: 

“His kindness, his encouragement, and his criticism 

“which was always constructive, endeared him to all of 
us, so that we know we have lost'a great friend.” 


~ M. N., V.S., L. V., A. S., and W. B., who were all 
either his registrars or house-physicians, write 
from South Africa: 


“In recent years the highlight of a visit to London 
‘owas to go to Dr. Wood’s clinic, either at the Brompton 
-Hospital or at the National Heart. Hospital. The mo- 
ment that one walked into the room there was an air of 
tension and excitement, and a verbal-battle over a case 
would at any moment break out and one had to be on 
one’s toes to keep pace with his mental gymnastics. It 
will always remain a privilege to have been associated 
with a man who had such a nimble mind and gave so 
much of himself.” 


< R. P., who knew him well during the war in 
a England, North Africa, and Italy, writes: 


“One meets in life a few people whom it is a unique 
< experience to have known and from whom one has 
‘learnt many things. Paul was one of them. He was not 
only a master of the science of modern cardiology but 
also one of the best clinicians I ever knew, delighting 
in the challenge of a difficult clinical, problem.” 


L. McD., to whom we owe much of this memoir, 
sends this personal tribute with D. E. B.: 


“For some years Wood was an outstanding leader in 
world cardiology. The great contribution to medicine of 
this peerless clinical cardiologist. was the application of 
“physiology to the theory and practice of bedside cardiol- 
-vogy. He established a school of cardiology based on his 


ewn concept that clinical observations, properly in- 
terpreted, were as accurate as instrumental records, 
and in his hands they were. His achievements were due 
not only to his tremendous enthusiasm and capacity 
for work, but also to personal qualities of an unusual 
kind. Whether in teaching, in committee, or in admin- 
istrative matters, he approached every problem with a 
logical mind, and often from some quite different angle 
to others, thereby finding a solution. 

“He expressed his opinions fearlessly, and often 
forcibly, but nothing pleased him more than a vigorous 
riposte, and he was always. prepared to listen to the 
views of others and to change his mind if the weight of 
evidence was against him. His presence at any meeting 
enlivened the proceedings, and he would often cross 
swords with his colleagues for no other purpose than 
to provoke a really frank discussion, at the end of which 
he would say, with a disarming smile, ‘I just wanted to 
know what you really thought.’ His outspoken intoler- 
ance of loose thinking, and his dislike of varnishing the 
bald truth, sometimes gave offence, but no one ever 
doubted his complete sincerity of purpose, and it is a 
tribute to this brilliant man that he was most liked 
and admired by those who knew him best. 

“He was outstanding as a postgraduate teacher, and 
particularly in training young physicians as cardiolo- 
gists. He instilled an infectious enthusiasm into the 
men and women who worked with him, obtaining the 
best from them. He was equally demanding of himself, 
not only in hours of work, but in the very high stan- 
dards he set himself in everything he did. 


“Wood was a generous and hospitable host. He loved - 
England and the English countryside, and was always 
glad to be home from his travels, His garden in Totter- 
idge, his country house in Norfolk, and his annual visit 
to the Chelsea Flower Show, all made him very happy. 
He quickly dropped the cares of a busy life, and in off- 
duty hours became the gayest of companions with an 
impish sense of fun. His hearty laugh dissolved situa- 
tions that had grown too tense or too serious. He was 
a master of cardiology, a most stimulating colleague, 
and a very good friend to those in his small circle, This 
man will forever be sadly missed by those who were his 
companions during a tragically short life, that was full 
of achievement.” 


He married in 1934 Elizabeth Josephine Guthrie, 
who survives him with a daughter and two sons. 
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= Paul Hamilton Wood, the second son of R. B. 
_ Wood of the Indian Civil Service, was born at 
Coonoor in India on August 16, 1907 and died on 
<: July 18, 1962, aged 54 years. He went to school 
in Kent till he was 12 or 18, when his father who 
was only 45 decided. to retire from India and take 
up fruit farming in Tasmania. Here Paul de- 
veloped his love of the country and of hard physical 
work on the farm, and of intellectual pursuits at 
the Launceston Grammar School, where he did 
well. 

He read medicine at Melbourne University and 
graduated M.B., B.S., in 1931. He was a versatile 
athlete, representing his school at most sports and 
winning his colours for rugby at the university 
where he was chosen for the combined Australian 
_ Universities side, and later in New Zealand he won 
< cups for skiing. His academic career at Melbourne 
was not as consistently brilliant as it was to be 
later, for though he passed with distinction in 
surgery and obstetrics, he failed in medicine the 
-first time and was allowed to leave without doing 
“house appointments. 

He held these positions at the Christchurch Gen- 
eral Hospital, New Zealand, where his ability and 
wide knowledge soon became recognised. Here he 
met Elizabeth, daughter of John Guthrie, MiS., 
the senior surgeon. In the latter part of 1934 when 
he had obtained the M.R.C.P. (London) and was 
finishing his appointment at the Heart Hospital, 
he wrote asking her to come to England to marry 
him. This she did and they were married just after 
Christmas that year. 

Paul Wood had come to England in 1933 and 
soon became H.P. at the Brompton Hospital. Had 
there been a vacancy at the National Hospital, 
Queen Square just after this, he would probably 
have applied for this, since neurology then ap- 
pealed to him as an exact medical discipline that 
would satisfy his liking for the platonic form of 
diagnostic reasoning. He was, however, appointed 
R.M.O. at the National Heart Hospital in 1934. 

Only a few weeks passed before his knowledge 
and industry and his keen, logical, incisive mind 
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made such an impression on the medical staff that 
they were saying to each other that he would have 
to be their next colleague. It was, in fact, only three 
years before he was appointed Physician to the 
National Heart Hospital in 1937. In 1935, when 
the Postgraduate Medical School was founded, he: 
had been asked by Professor F. R. Fraser to join 
their staff and was given full clinical and teaching 
responsibility at the age of 27. 

His early work was on the chest leads in clinical 
electrocardiography. In 1937 he wrote on their 
standards in normal subjects and in 1939 on their - 
value in many clinical conditions. He served on the 
joint British and American committee for deciding | 
the best methods of using them, and if he had had 
his way the British committee would have agreed 
to recommend the use of multiple chest leads in 
1938, This work was continued in 1949 by an im- 
portant paper on cardiac infarction and bundle- 
branch block. ‘ 

Soon after the outbreak of war, Wood was in- 
vestigating effort syndrome in soldiers and firmly 
established this as a psychiatric disorder. He made 
this the subject of his Goulstonian Lecture in 1941 
on Da Costa’s syndrome. Later he joined the 
R.A.M.C. and served in North Africa and Italy : he 
became Consulting Physician, Central Mediter- 
ranean Force, with the rank of Brigadier and was 
awarded the 0.B.E. and mentioned in despatches; 
but seems to have been little changed while serving 
in the army. In 1945 at a conference of army phy- 
sicians in Rome, he spoke about the importance 
of foreign bodies in or near the pericardium in 
producing recurrent attacks of pericarditis. He 
had written about the cardiographic changes in 
pericardial lesions and stab wounds of the heart in 
1987. 

After the war, he became Physician and Senior 
Lecturer at Hammersmith, and there in the late 
spring of 1947 he performed his first cardiac 
catheterization in a small room across the corridor 
from where McMichael and Sharpey-Schafer had 
pioneered the technique in Britain for the investi- 
gation of cardiac output and failure.* The intellec- 
tual climate of Hammersmith always suited him. 


* 1 am indebted to Walter Somerville for this paragraph 
and for so many others that I wished to add his name as co- 
author, but he persuaded me that this was not the best 
course, 

















The sharp interplay of quick minds, the curt ex- 
posure of a weak argument, the abrupt riposte— 
this atmosphere delighted Wood, though he always 
said he felt at a disadvantage through lack of a 
formal training in circulatory physiology. He tried 
to remedy this weakness by throwing his energies 
into the new technique of cardiac catheterization. 
He was excited and intrigued by this, annotating 
his data in rows of neat figures and correlating the 
findings with the physical signs. From these exer- 
cises there emerged a dynamic interpretation of 
palpation and auscultation, which set a new pat- 
tern of bedside diagnosis. 

In 1947, he became the first Dean of the new In- 
stitute of Cardiology and served till 1949, when he 
became the first Director (part-time) of the new 
academic unit of the Institute—a post that he held 
until his death. This work and his appointment as 
cardiologist to the Brompton Hospital in 1948 
made it necessary for him to give up his post at 
Hammersmith. His great service to the Institute 
can hardly be exaggerated. His energy and enthu- 
siasm permeated every new development, many of 
which he had suggested and in all of which he 
played a large part. Most important of all, he at- 
tracted and inspired so many students from all 
_ over the world, that many cardiac departments 
throughout the Commonwealth have been greatly 
influenced by his ideas and his encouragement, and 
are now in the charge of his pupils. 

None of these important activities were allowed 
to interfere with his own research work. In 1949, 
he wrote two valuable papers on the effect of digi- 
talis on the venous pressure, and on the pathologi- 
cal changes in hypertensive and ischaemic heart 
disease. His St. Cyres Lecture in 1950, based on 
200 cases of congenital heart disease that he per- 
sonally had investigated by modern methods, was 
a landmark. Re-reading it to-day, there is little 
that he would wish to omit and it is a remarkable 
feat to have said so much about simple signs, 
elaborate investigations, and clearly-deduced gen- 
eral principles. It included a description of the 
physical signs, with much that was new; a good 
account of the frequency of the various malforma- 
tions of the heart in children, differing greatly 
from earlier views; the concept of pulmonary vas- 
cular resistance as an important part of clinical 
medicine; and the modern view on ventricular sep- 
tal defect, which he more than anyone else has 
succeeded in establishing. In 1954 he painted a 
broader picture of this, from the less common form 
known as the maladie de Roger to those where 
the pulmonary hypertension is hyperkinetic and 
those where it is due to a raised vascular resistance 
(Eisenmenger’s complex), correlating these differ- 
ences with the size of the shunt and the size of the 
septal defect. 


His output of work in 1950 was exceptional even 
for him, for in addition he wrote important papers 
on atrial septal defect and the effort test in angina 
pectoris, and published his monumental book on 
Diseases of the Heart and Circulation. This welded 
classical cardiology with the newer discoveries and 
modern techniques, and was firmly based on sound 
physiological principles. Every chapter shows the 
influence of his own thought and experience and 
most of them include some of his own original 
work. It showed his remarkable grasp of cardiol- 
ogy as a whole and established his world reputa- 
tion. Since then his work has been devoted mainly 
to congenital heart disease and to the surgical 
treatment of congenital and rheumatic heart dis- 
ease. 

Pulmonary hypertension, in general and par- 
ticularly with ventricular septal defect, was one of 
his great interests, and he reviewed the subject in 
1952 and again in 1959. His Croonian Lecture on 
the Eisenmenger syndrome (1958) and Fahr Lec- 
ture at the University of Minnesota on pulmonary 
hypertension with special reference to the vaso- 
constrictive factor (1958) developed his views fur- 
ther. The former gave a clearly argued case for the 
same physiological factors in all the conditions 
with left-to-right shunts, and the much greater 
frequency of the Eisenmenger syndrome in ven- 
tricular septal defect was explained by the develop- 
ments that are taking place after birth. His many 
activities did not allow him the time he would have 
liked for experimental work, but in studying the 
effects of acetyl-choline on pulmonary vascular re- 
sistance (1957) he showed his capacity in this di- 
rection with his usual precision and logical deduc- 
tions. 

From the start, Wood was keenly interested in 
the surgical treatment of rheumatic and congeni- 
tal heart disease. The fourth patient operated on 
for mitral stenosis at Guy’s Hospital in February 
1949 was sent by him, and in 1952 he joined Baker, 
Brock, and Campbell in a further report on 100 
cases of valvotomy for mitral stenosis. Baker had 
no easy task in arranging a text that satisfied his 
three colleagues and at the last session, as the 
hours passed and the criticisms continued, he be- 
gan to answer fiercely: I remember Paul driving 
me home not long before daybreak and expressing 
his increased admiration for Baker, for Paul did 
not admire too ready acceptance of his views. His 
Strickland Goodall Lecture in 1954, An apprecia- 
tion of mitral stenosis, is perhaps the most compre- 
hensive expression of his views on this subject, 
though he wrote further on ways of distinguishing 
the relative degrees of mitral regurgitation and 
stenosis (1955), on the diagnosis of tricuspid ste- 
nosis (1955), and on the importance of the myo- 
cardial factor (1959). His views on the more diffi- 
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cult related question of aortic stenosis were clearly 
-expressed in his Nathanson Lecture in the Univer- 
sity of Southern California in 1958. 

Good physicians who are also good teachers and 
‘able research workers are difficult to find. Wood 
was eminent in all these fields. He was one of those 
rare people who have an original mind and yet 
value established views until there is evidence that 
calls for their revision. His research work is 
known all over the world. 

He was a superb clinician who liked and under- 
stood his patients, and a sound, and sometimes 
brilliant, diagnosis was only the start for he meant 
to do everything possible for them. He was a 
strong partisan for the inclusion of private con- 
sulting practice among the other work since this 
demands a personal interest in every aspect. His 
~ manner with patients was intense and direct with 
an appeal to their intelligence, so that the intelli- 
gent were captivated and the more simple gladly 
accepted his clear explanations. His world-wide 
fame as a consultant grew each year because apart 
from his ability and his reputation he had a sensi- 
tive concern for every patient in his care. 

As a teacher, he was outstanding and his meth- 

ods always excited lively comment among his reg- 
istrars and postgraduate students, A history was 
more exciting and rational with him as interpreter, 
His acute observation, his sensitive palpation, and 
his careful auscultation gave him more signs than 
most others could detect. Then he turned to the 
special investigations and no stage was left till 
every scrap of information had been drawn from 
it. Everyone knew Wood was thinking faster than 
himself, linking fact with fact, discarding this, 
and accepting that. Point followed point in crystal 
clear logic to the final diagnosis. 

Yet if some one asked him how he reached his 
conclusion, he would patiently retrace his steps. 
An irrevelancy would be curtly dismissed: if the 
argument were pressed, he would take it asunder 
point by point and throw it back mercilessly at its 
author. In this way many learned to think before 
speaking. In lectures, he was always clear and in- 
teresting and could cover a great deal in a short 
time. In conferences and discussions he enjoyed 
his speed of thought, and one had to have good 
reasons if one wished to put forward a contrary 
view. 

And in addition to all this, Wood was a most 
successful director of a busy department that he 
had to build up from nothing. He worked hard for 
the cardiological technicians, trying to improve 
their status and pay. He was keenly interested in 
the establishment of the British Heart Foundation 
and at the time of his death was acting chairman 
of their Science Committee, His activity was pro- 
digious and he could work and write quickly. 


Though sometimes he looked tired, he never spared 
himself. 

He travelled widely and there cannot be many 
men who have lectured in so many great cities of 
the world. His appointment as Arthur Sims 
Travelling Professor in 1961 gave him much plea- _ 
sure. Though it interrupted the rewriting of the 
third edition of his book and made him devote most 
of his nominal holiday in Norfolk to preparation, 


he and Betty saw more of each other on their long i : 


travels and specially enjoyed the chance of revisit- 
ing Christchurch where they had first met. i 

Paul Wood’s career had a special interest for his 
seniors since he was one of the first cardiologists 
who had been trained from the start in more mod- 
ern methods. They admired the skill with which he 
kept these in their rightful place and emphasized 
the history and physical signs. In fact, he did more 
than anyone has for a long time to increase the. 
knowledge of physical signs, and this was based 
mainly on his logical deductions from the number 
of signs that he was able to hear and observe. He 
was an artist in physical signs. This may have been 
due entirely to the way he had trained himself, or 
perhaps to his endowment with an unusual capac- 
ity for timing what he saw and heard. His film. on 
the jugular pulse was a masterpiece in showing 
what could be learnt in this way. 

It is too early to assess his greatest contribution 


to cardiology, but perhaps his decisive demonstra- © 


tions of the relationship between simple signs and | 
the physiological facts revealed by complex inves- 
tigations may prove his greatest and most lasting 
influence. He feared that cardiology might be over- 
whelmed by the new machines and he has done 
much to prevent this. 

With his great love of truth, Paul would say that 
this praise was one side of the picture only and 
that we lacked courage if we did not give the other 
side. He was at times a difficult member of a team. 
Most committee meetings he attended were length- 
ened by animated discussion of his many sugges. 
tions: sometimes these were provocative or even 
mischievous, but all had to be considered carefully 
for with his imagination and enthusiasm plans 
that seemed impossible might turn out well. His 
hearty laugh often dissolved a situation that had 
grown too tense, 

Since his early days at the Heart Hospital, the 
writer has taken an almost fatherly interest in his 
progress, with enjoyment of his triumphs and with 
regret when his impulsive criticism or over-enthu- 
siasm led to difficulties; so I was pleased when he, 
as chairman introducing me as a guest. speaker, 
said that he knew no one who could be so critical. 
of his friends without losing their friendship. But 
these difficult facets were superficial and transient, 
and as Bedford has said, those who liked and ad- 











mired him most were those who. knew him best. 
Essentially, Paul was gentle and kindly and I 
would like to give two instances——-his acknowledg- 
: ments in his book to his wife and to his teachers at 
< Hammersmith and the Heart Hospital, and his 
< beautiful review of the second edition of Brown’s 
Congenital Heart Disease, when some might have 
expected. criticism for the seanty reference to 
catheterization and angiocardiography. 
Only his close friends knew that the rather 
--aseetic-looking man had a warm endearing per- 
sonality, though many knew how much time he 
would give to discussing their problems. When 
time allowed, he quickly dropped his cares and was 
a gay and effervescent companion with a puckish 
sense of humour. His greatest relaxation was his 
home and garden at Totteridge, where he loved 
working, especially with his roses. He pored over 


> garden catalogues, and the Chelsea Flower Show 


was the only annual engagement that was allowed 
to interfere with his work. He spent many happy 
holidays at his house at Runton in Norfolk and the 


es highlight there was his fishing on the River Bure. 


He was a perfectionist at home as well as at 





work. While this only added to the beauty of his 
garden, it madethe provision of his bedtime read- 
ing difficult; for he wanted only detective stories 
or books on general science and they had to be of 
the best. He had little time for other reading, 
though he frequently re-read. some of the favour- 
ites of his boyhood. 

We would like to express our sympathy with his 
wife, his daughter, and his two sons in their ir- 
reparable loss. Paul. “fought the good fight with 
all his might’—the hymn that was chosen for his 
Memorial Service. It is difficult. not to think that 
his life was shortened by his ceaseless activity. 
Were this so and were Paul. able to lead his life 
again, his choice would be the same, because there 
was always so much he wanted to do. The sadness 
of his early death is for his wife and family, his 
friends, his colleagues, and his pupils. They ex- 
pected him to remain a leader of British Cardiol- ` 
ogy much longer, but they will always feel proud 
that they knew him and were in touch with some 
of the great work that he accomplished. 


‘MAURICE CAMPBELL 





: Paul Wood's Textbook 


Davis Evan Bedford, MD, FRCP 


The first work on heart disease to conform to the 

pattern of a textbook was Corvisart’s Essai sur les 

Maladies du Coeur, published in 1806. With the 

advent of auscultation, textbooks on heart disease 

multiplied rapidly and, with the advent of radi- 

ology, electrocardiography, phonocardiography 
and cardiac catheterization, they seem to have in- 
creased by geometric progression. 

Looking through over a hundred such books in 
my library, I find that a few stand out as land- 
marks in the progress of knowledge, of which I 
would select in the present century those of 
Graham Steell, Mackenzie, Paul White and Paul 
Wood, leaving aside more recent works. 

Paul Wood was an unusual character. Born in 
India, he studied medicine in Australia and came 
to England in 1933, when he seemed a rather frail 
and delicate looking young man whose astonishing 
activities caused us some anxiety over his health; 
`- but appearances were deceptive, for he had been a 
versatile athlete at school and university. As 
his activities increased steadily over the years, it 
became evident that he could only work in top 
gear. 

After the war, a new language in clinical car- 
diology seemed to spring up among postgraduates, 
and we soon traced it to Paul Wood’s teaching at 
- Hammersmith. Like Lewis, he had the supreme 
gift of making technical knowledge effective at the 
bedside and of expressing his ideas simply and 
lucidly. He was, in fact, a superb clinician and a 
consultation with him was, even for his seniors, a 
rewarding experience. 

The publication of his textbook Diseases o f the 
Heart and Circulation in 1950 was a great achieve- 
ment after absence on war service abroad, and had 

















the same profound influence on cardiology as Paul 
White’s book had twenty years earlier. It reflected 
essentially Wood’s personal teaching based on a 
meticulous analysis of his own cases, though no one 
was better informed on the work of colleagues all 
over the world. From the moment I first perused : 
the book, I realized that it was a masterly exposi- 
tion of current knowledge, and it quickly became 
a bestseller. 3 
The first chapter entitled, “The Approach to Car- 
diology,” was an admirable, concise summary of 
how to interrogate and examine the patient, and 
successive chapters covering radiology and elec- 
trocardiography presented all that the practicing 
physician needed in concise and comprehensibl 
terms. The sections on congenital heart disease 
and pulmonary hypertension were perhaps out 
standing and represented the most authoritativ 
accounts available at the time, Throughout, hi 
method of relating physical signs to physiologica 
and pathological knowledge appealed not only ti 
postgraduates but to senior physicians, and over | 
the years I have found his book an invaluable | 
source of reference on clinical problems which 
sometimes arise yet are not usually answered in 
books. At clinical discussions and committee meet- oO 
ings Paul’s arrival invariably enlivened the proso o 
ceedings, and often he would be deliberately pro- 
vocative in order to test the views of his colleagues, © : 
His death at the age of 54, at the height of his 
powers and reputation, came as a profound shock  _ 
to all of us, and it took time to appreciate the mag- 
nitude of the loss. to British cardiology, which he 
had come to personify, Even today, looking at his 
photograph, I find it hard to believe that he is no 
longer with us, so vivid are my memories of him. 


Dr. Bedford resides in London, England. 


The following two illustrations are reproductions of the preface and 
title page from the first edition of Wood’s Diseases of the Heart and 
- Circulation, Eyre and Spottiswoode, London, 1950. 
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Selected Articles and Commentary 


Through the advice and guidance of Jane Somerville, Oscar Magid- 
son and Lawson McDonald, a selection was made from Paul Wood's 
bibliography. Former colleagues, in some cases co-authors, have 
‘been asked to comment on the article, comment on it with the 


perspective of time, and add personal reminiscences. 


In each case, the initial page of the original article is reproduced 


and, following, the remarks of one or more former associates. 


Additional. articles. and other contributors undoubtedly should 
be included. The number of selections was fixed by the possible size 
of the Journal. We welcome additional contributions, and if there is 
an opportunity to reprint this special issue, we will include them. 





Chest Leads in Clinical Electrocardiography 





Title page reproduced by permission from the British Heart Journal 1:49, 1939. 
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‘Commentary by Arthur Selzer, MD, FACC 


In 1935 the University of London organized a 
postgraduate institution, the British Postgraduate 
> Medical School, which was to serve primarily the 
many physicians from abroad, particularly from 
the overseas parts of the British Commonwealth, 
who were coming to London in large numbers to 
< gupplement their medical education or to prepare 
for the qualifying examinations for membership 
in the Royal Colleges. The Hammersmith Hospital 
< was selected as the place and clinical facility for 
<: the new school. In contrast to the twelve hospitals 
= comprising the twelve undergraduate medical 
<= gchools of the University of London, which exem- 
plified old, rich-in-tradition, “charitable” hospi- 
tals, Hammersmith was a new hospital built to 
serve London’s municipal employees as a part of 
London County Council's medical insurance sys- 
tem. 

The University aimed at high academic stan- 

dards for the new school. The four key professor- 
< ships were given to men already prominent in 

their respective fields: Medicine, F. R. Fraser; 
Surgery, G. Gray Turner; Obstetrics and Gyne- 
cology, J. Young; Pathology, E. Kettle. Each de- 
partment head was able to attract “bright young 
men” to the new institution. The success was im- 
mediately apparent—-the school became at once a 
© major medical center and remains today one of the 
most prestigious medical institutions in the world 
(present name: Royal Postgraduate Medical 
School). 

The chairman of the department of medicine, 
- Professor Fraser (later Sir Francis Fraser), came 
` to Hammersmith from St. Bartholomew Hospital. 
In choosing his staff he organized his department 
along subspecialty lines; the position in cardiology 
was offered to a young unknown newcomer to Lon- 
don, Paul Wood, who became First Assistant at 
the new school. 

Paul Wood, after graduating from the Univer- 
sity of Melbourne in 1931, completed his house 
officership in Christchurch, New Zealand, and in 
1933 came to London. His first position was as a 
house physician at Brompton Hospital; the follow- 
ing year he became Resident Medical Officer at 
the National Heart Hospital. There he impressed 
his superiors sufficiently so that within a year he 
was recommended for the position of cardiologist 
at Hammersmith. 

Wood was twenty-seven when he assumed his 
new position. He took charge of one of the six 


medical wards at Hammersmith, ran the cardiac 
outpatient clinic and organized the electrocardio- 
graphic laboratory. Both hospital rounds and out- 
patient sessions constituted semiformal teaching 
activities with house physicians and postgraduate 
students. The atmosphere at Hammersmith was 
particularly stimulating. Other teaching hospitals 
were staffed largely by “honorary physicians,” 
who devoted usually one or two half-days a week 
to their services. Hammersmith was staffed by a 
full-time faculty. Professor Fraser had a distin- 
guished record in clinical research and gave his 
staff all the necessary support and encouragement 
to organize original studies. Wood had already 
completed two projects’? before coming to Ham- 
mersmith and was anxious to engage in investiga- 
tive work. However, at that time “helping hands” 
in research were not easy to come by, and most of 
the work had to be done by the investigator him- 
self, Wood found an interested collaborator in Dr. 
Eliot Sorsky, of Fresno, California, who came to 
London in 1935 for a year, and started with Wood 
the study of precordial lead electrocardiography.* 
T arrived in London shortly after Sorsky had left, 
in the summer of 1936, for a two-year stay. I ac- 
cepted enthusiastically Wood’s invitation to con- 
tinue the work on the electrocardiographic proj- 
ect with him. 

Wood’s superb teaching ability and his fine clini- 
cal judgment were evident at once, His keen, logi- 
cal mind guided the student to a proper analysis of 
each clinical problem, He kept a summary of vir- 
tually every cardiac patient he saw, tabulating the 
findings on large worksheets—the future material 
for his book and many clinical papers. During the 
two years of my collaboration he developed con- 
siderable self-confidence, although not yet the dog- 
matism which characterized him later. His talents 
and ability were quickly recognized outside Ham- 
mersmith; in January 1938, he was appointed 
Physician to the Outpatient Department at the Na- 
tional Heart Hospital—an unusual distinction for 
so young a cardiologist. He took responsibility for 
two morning sessions each week, enjoying greatly 
the different clinical material of unusual cardiac 
cases at the Heart Hospital that complemented the 
more common cardiac problems constituting the 
bulk of material at Hammersmith. 

Wood was a pragmatist. His overall interest lay. 
in the diagnosis and therapeutic aspects of cardiac 
disease. His clinical reasoning always proceeded 
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along pathophysiologic lines, and he greatly re- 
~ gretted the lack of physiologic training in his back- 
< ground.‘ He often stated prophetically that the 
next major breakthrough in cardiology would oc- 
< eur when the pulmonary circulation became ac- 


<- cessible to study and measurement. It is not sur- 


_ prising therefore that later, when cardiac cathe- 
-terization became available, Wood was one of its 
early enthusiasts and that his greatest contribu- 
tion to cardiology was the practical application of 
results of this new method to the diagnosis of 
heart disease at the bedside, rather than the physi- 
_ logic aspects of the findings. 

The electrocardiographic project suited Wood 

very well. This instrumental method was at that 
time the major diagnostic tool in cardiology. In the 
preceding decade the electrocardiogram had come 
into use in the diagnosis of cardiac diseases other 
than arrhythmias. In 1932 Woolferth and F. C. 
Wood added lead IV to the Einthoven standard 
three leads, placing one electrode in the apical re- 
gion of the precordium and the other in the inter- 
Scapular area. These investigators believed that 
. they had added the third dimension to the Eint- 
hoven triangle, recording an anteroposterior axis. 
This work stirred up a controversy, for it became 
apparent that the apical electrode determined the 
shape of the complexes—the interscapular being 
` an indifferent electrode, which could be replaced 
on the left leg or the right arm with little change 
in the shape of the tracing. In addition to the api- 
cal lead, leads taken from other points on the 
chest wall began to be used, although there was no 
consensus on whether or in what way the chest 
lead contributed to the diagnostic value of electro- 
cardiography. 

Wood set out to answer several questions: first, 
he wished to compare three precordial leads (api- 
cal, left pectoral, right pectoral ) paired with the 
left leg and the right arm. (The six leads used in 
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the study corresponded, by later terminology, to 

leads CR,, CFy, a low CRs, CF, and a low CR, and a 
CR.) Then he wished to determine the limits of a 
normal in these leads (the study with Sorsky Aa 
dealt with 150 normal subjects of all ages), Fi- 
nally, he set out to assess the diagnostic value of | OG 
the six leads in cardiac disea, per anz 
314 cases, including acute r 
and right ventricular hyper 
block, myocardial infarctio: 
On the basis of the study 
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lead electrocardiography by Wilson 
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When cardiac infarction is complicated by bundle 
branch block, the electrocardiogram may or may not 
show the features characteristic of myocardial 
injury. Interference with conduction through the 
left branch of the bundle of His usually suppresses 
pathological Q waves and other RS-T segment or 
T wave changes in the standard and unipolar limb 
leads and in chest leads; it may then be impossible 
to make a cardiographic diagnosis of cardiac 
infarction. When a conduction defect involves the 
right branch, however, cardiographic signs of cardiac 
infarction can, as a rule, still be recognized (Wilson 
et al., 1947). 

The association of cardiac infarction and bundle 
branch block is not uncommon (Oppenheimer and 
Rothschild, 1917; Applebaum and Nicholson, 1935; 
Comeau et al., 1938; Fischer, 1938; Master et al., 
1938; Moia and Acevedo, 1945). Since the 
majority of these reports were published, the use of 
multiple chest leads has permitted a higher degree of 
precision in the diagnosis of cardiac infarction and 
in the localization of intraventricular conduction 
defects, and it is likely that in the future the associa- 
tion of these two conditions will be diagnosed more 
frequently and with greater accuracy (Wilson et al., 
1944). The subject is of considerable importance, 
not only from the viewpoint of practical diagnosis, 
but also because cardiac infarction complicated by 
bundle branch block has a mortality almost twice as 
great as that of infarction with normal intraven- 
tricular conduction (Master et al., 1938). 

The object of this investigation was to determine 
the frequency with which the electrocardiographic 
signs of cardiac infarction could be recongized in the 
presence of bundle branch block and to discover 
what factors tended to prevent their suppression. 


MATERIAL 


The electrocardiograms and case-notes that form 
the basis of this report were obtained from the 


Y 


records of Hammersmith Hospital, the London 
Hospital, and the National Heart Hospital. The 
majority of the patients concerned, however, were 
examined and investigated by one or other of the 
writers. A number of patients who had been under 
observation before the war could not be sub- 
sequently traced. Follow-up studies are therefore 
incomplete. 

Generally the diagnosis of cardiac infarction 
was based on a typical clinical history; when 
this was lacking, the diagnosis depended on X- 
ray evidence of ventricular aneurysm or on the 
demonstration of an infarct at necropsy. Bundle 
branch block was recognized according to the 
criteria laid down by Wilson and his co-workers, 
namely :— 


* ... when the QRS interval measures 0:12 
second or more and the QRS complex in lead I is 
monophasic and consists of a broad, slurred, flat- 
topped or bifid deflection, left bundle branch 
block is usually present. When the QRS interval 
measures 0:12 second or more and the QRS 
complex in lead I is biphasic or triphasic and ends 
with a broad, slurred or notched S deflection the 
block is usually in the right bundle. When the 
heart is in the vertical position the limb leads may 
suggest that right branch block is present when 
the precordial curves are characteristic of left 
branch block, and vice versa. When the QRS 
interval measures 0-12 second or more and the 
precordial electrocardiogram shows some but not 
all of the features typical of right or left branch 
block the conduction defect cannot be located 
with certainty.” (Wilson et al., 1944), 


RESULTS 
The present series consisted of 60 cases of cardiac 
infarction and bundle branch block, and was divided 
into two groups depending on whether the electro- 


Title page reproduced by permission from the British Heart Journal 1:305, 1949. 


Commentary by Walter Somerville, MD, FRCP 


In the years immediately after World War Two, 
multiple precordial leads were still something of a 
novelty. Wilson and his colleagues! at Ann Arbor 
had applied them to a variety of conditions which 
included both myocardial infarction and bundle 
branch block. The principles were so straightfor- 
ward that it seemed attractive to make use of them 
when these two conditions occurred together. This 
had been done to some small extent in the United 
States but not at all in the United Kingdom. Wood 
was receptive to the idea. He had experimented be- 
fore the War with right and left precordial leads 
(called IVR and IVL, respectively), Wilson’s 
mathematics appealed to him and within a few 
days the plans were drawn up. 


Criticism of Design 


Several features of this paper would draw edi- 
torial censure today. The fact that the series was 
composed of a nonconsecutive mixture of the dead 
and the living, and that the observations on the 
latter were partly retrospective and only a few 
prospective; is not commented on. Wood and I were 
both conditioned against drawing unwarranted 
conclusions, but statistical verification was not yet 
fashionable and by today’s standards, a rather free 
and easy attitude was accepted toward matters 
like mortality rates. For instance, we quoted un- 
questioningly a mortality for myocardial infarc- 
tion complicated by bundle branch block as almost 





Fic. 2.—Anterior cardiac infarction and left bundle branch block. Elevation of the RS-T segment 

n leads V3 and V4, neutralizes any tendency towards RS-T 

depression due to left bundle branch block : thus in leads VL and standard lead I the RS-T 

segment is at the isopotential level. The small Q wave in these two leads is due to septal 
infarction. Autopsy confirmation. 





twice that of infarction with normal intraventricu- 
lar conduction. The fact that the method of arriv- 
ing at this figure might have been erroneous is not 
referred to in the text, although even then Wood 
was a robust critic of the writings of others. How- 
ever, the passage of the years has endorsed the 
gravity of bundle branch block complicating acute 
myocardial infarction. In a contemporary study,? 
the mortality figures for bundle branch block, 
whether left (58 percent) or right (57 percent), 
was more than double that for all patients (26 per- 
cent) with acute myocardial infarction admitted to 
a coronary care unit. For me it remains an un- 
solved mystery why such a seeking and perceptive 
mind as Wood’s did not, at that time, put a higher 
value on the relationship between ectopic beats, 
arrhythmias and early death from acute myocar- 
dial ischemia. The association was of course rec- 
ognized and in the early 1950’s, Wood tried to pre- 
vent arrhythmias in the early stages of myocardial 
infarction by the use of oral quinidine sulfate. This 
was long before the days of rhythm monitoring, 
electroconversion and external cardiac resuscita- 
tion, and detection of arrhythmias was more or 
less a matter of chance. 


Terminology 


The term “cardiac infarction” had been used by 
Wood in 1936 in preference to “coronary throm- 
bosis” although then, as now, it was usual to speak 























Fic. 4. -Transient left bundle branch block suppressing the signs of anterior cardiac infarction, 
When conduction was normal (shown below) the T waves were inverted from V2 to V5 


Figures 2 and 4 from Wood's article. Reproduced by permission of the British Heart Journal. 


colloquially of “a coronary.” “Coronary thrombo- 
sis” appeared in the early descriptions in the 
United States** and United Kingdom.*® The ab- 
sence of a coronary thrombosis in many fatal cases 
showed the need for a better term, and although 
“infarction,” either “cardiac” or “myocardial,” 
had its obvious shortcomings, it was thought pref- 
erable to “coronary thrombosis.” It was probably 
resisted to some extent by the pioneers then in 
much the same way as the “tetrad” of Fallot and 
“dysrhythmia” have been received in more recent 
times. “Myocardial” and “cardiac” infarction each 
had its supporters. Wood opted for “cardiac” on 
the reasonable grounds that you needn’t use five 
syllables if three would do. 


Illustrations 


The method of illustrating this paper gave rise 
to some preliminary discussion. The electrocardio- 
grams were first set out in three columns, standard 
limb leads, unipolar limb leads and chest leads, re- 
spectively, with left ventricular potentials on the 
top of each column, This meant that the three 
columns were headed by leads I, VL and Ve, re- 
spectively, the idea being to preserve a semblance 
of symmetry. The concept of enclosing a line dia- 
gram of the ventricles with the site of the infarc- 
tion mapped out, enclosed within an Einthoven tri- 
angle, with the leads shown at the appropriate 
sites (Fig. 2), occurred as an afterthought. I had 
‘geen this design in a foreign language journal 
‘some years before, adapted it to the present pur- 

pose, drawing diagrams myself based on the au- 
topsy reports. Wood was immediately enthusiastic 
‘and agreed to recasting most of the figures. This 
proved to be unsatisfactory in some cases since the 
¿value of the diagrams depended on accurate au- 
topsy accounts and these were available in only 
eleven of the sixty cases. Even when the autopsy 
report was incomplete or the patient was living, 
- Wood now felt committed to the triangle diagram. 
‘He mounted the chest leads transversely across 
the triangle and the limb leads in the appropriate 
‘positions relative to the sides and angles (Fig. 
4). He eventually extended the technique to rou- 


tine electrocardiographic mounting at Hammer- 
smith Hospital where it has remained to the time 
of this writing. I soon became tepid about the de- 
sign and never used it again, but my greatest re- 
gret was my inability to trace the originator, to 
whom I make this belated acknowledgment. 


Contemporary Critique 


The fundamentals of diagnosis of myocardial 
infarction in the presence of bundle branch block 
have not changed since this paper appeared 
twenty-three years ago. However, new territory 
has been opened up by the demonstration of differ- 
ent sites of block in the His bundle and its 
branches. The most important application of these 
advances is the logical explanation of right bundle 
branch block with left axis deviation in the limb 
leads, now properly designated left anterior hemi- 
block.” The frequent progression of this pattern to 
complete heart block with the “pouls lent perma- 
nent” and Adams-Stokes attacks in previously 
symptom-free persons with a normal-sized heart 
is attributable to a sclero-degenerative replace- 
ment of both branches; the cause is unknown in 
the majority and only a few are ischemic.’ When 
right bundle branch block and left anterior hemi- 
block are found in a person with myocardial isch- 
emic pain, the usual cause is a septal infarction in- 
volving the right bundle branch and the anterior 
division of the left bundle branch. Less commonly, 
a lateral infarction may be responsible for the left 
anterior hemiblock and a separate septal infarc- 
tion for the right bundle branch block. The two il- 
lustrations comprising Fig. 11 (p. 319) would fit 
into one of these two categories-—there was no au- 
topsy. In Fig. 10 (p. 318) the left anterior hemi- 
block and right bundle branch block resulted from 
extensive infarction of the anterior wall and sep- 
tum. The possibility must be considered that Fig. 
8 (p. 316) represents right bundle branch block 
with left posterior hemiblock, but the complete 
tracings are no longer available, and the diagnos- 
tic criteria, especially in association with a myo- 
cardial infarction, are necessarily complex.” 
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The diagnosis of angina pectoris is usually based on the history alone, and in most cases this 
is conclusive. When, however, the quality, site, distribution, duration, or relationship to effort 
of a suspicious chest pain does not conform to classical concepts, a reliable objective test is 
needed. Two such tests have been used widely, the effort test as developed by Master (1942) and 
the anoxic test of Levy (1941). In the hands of most investigators both these tests have given 
positive results in only about half of cases in which the diagnosis was clinically certain. As 
the inhalation of 10 per cent oxygen requires special apparatus, is time-consuming, relatively 
expensive, not without danger, and causes electrocardiographic changes that differ from the normal 
only in degree, and as trials by our colleagues were not encouraging, it seemed more profitable to 
concentrate on improving the effort test. Using a simple modification of Master's technique, one 
of us (P. W.) soon realized that diagnostic ischemic curves could be obtained in about 90 per 
cent of patients with clinically certain angina pectoris in whom the resting electrocardiogram 
was normal. The object of this paper is to present an analysis of these results together with a 
larger series of cases similarly investigated at the Institute of Cardiology. 


TABLE I 
CASES PRESENTING WITH ANGINA PECTORIS 
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Electrocardiogram at rest 
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As a preliminary, it seemeu important to know how often the resting cardiogram was normal 
in cases of unequivocal angina pectoris. Accordingly, a consecutive series of 100 patients, seen 
privately by one of us (P, W.), was analysed. The results are shown in Table I, and are in harmony 
with common experience. There were 44 with pure angina pectoris (with or without mild hyper- 
tension), 21 with serious hypertension (diastolic blood pressure 110 mm. Hg. or above), 18 with a 
history suggesting previous cardiac infarction, 14 with frequent and often prolonged attacks of 
pain at rest (acute or subacute coronary insufficiency), and 3 with aortic stenosis: no cases of 
syphilitic aortitis or severe anemia happened to oes in this series. Of the total, 36 per 


Title page reproduced by permission from the British Heart Journal 1:639, 1950. 
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Commentary by Maurice McGregor, MD, FRCP, FACC 


How does one choose one’s profession? For the 
author of this paper, arriving in a postwar London 
which was overfilled with specialists and would-be 
specialists, just out of the army, the choice was a 
consequence of a three-month internship in general 
‘medicine under Paul Wood. For this dynamic, in- 
telligent little man was a major force in postwar 
cardiology. Indeed, in the English-speaking world, 
there has been only one individual of comparable 
stature since. 

His influence, like that of that other great clini- 
cian William Osler, was out of all proportion to 
his “discoveries.” Like Osler, he made his greatest 
written achievement with a single comprehensive 
textbook imparting the accumulated wisdom of a 
single very wise physician. His great influence was 
a consequence, rather, of the quality of the man 
himself: two parts energy, four parts rapid and 
intelligent synthesis of information, and one part 
-showmanship. To such a man every patient was a 
‘challenge to pull off a diagnostic coup in the man- 
‘ner of Sherlock Holmes to astound the surrounding 
‘Watsons. What made him great was the fact that 
his desire to astound was usually matched by his 
ability so to do. Such men make legends, and he 
rapidly did. 


The Effort Electrocardiogram 


The paper on the effort electrocardiogram is a 
worthy and rather pedestrian contribution. The 
wonderful new American direct-writing electro- 
-cardiograph had just started to arrive in a London 
deprived of such gadgets by a long war. Wood saw 
‘the advantage of seeking out the most appropriate 
‘chest lead to record with its aid, and the use of 
the instrument awakened in him an interest in 
the test itself. How unreasonable, he argued, to 
administer fixed exercise loads when the severity 
_of the ischemic disease could be so variable. So he 


started to push his patients to the point of fatigue 
or pain. 

In “private practice,” as the authors state under 
“Technique,” “the maximum effort was limited 
by the top landing of the building in which the 
test was carried out, but there were 84 good steps 
from the consulting room to the top landing. .. .” 
Sinee, “as soon as the patient reached the top, or 
before if he became distressed on the way, he was 
hurried down again and immediately reconnected 
to the electrocardiograph,” it is perhaps surpris- 
ing that the study had no untoward results. 

In retrospect, the second author wonders how 
he became involved in such a study! There are 
several answers: First, the electrocardiogram was 
the only piece of “research” equipment available 
to the energetic young men of the National Heart 
Hospital of 1949; second, the young men, all certi- 
fied specialists and members of the Royal College 
of Physicians, were cheap and available, while 
technicians at that time were neither; but most 
important was the typical approach of the senior 
author—a bold statement in the bar of the King’s - 
Head, site of most major breakthroughs at the 
National Heart—to the effect that, if done prop- 
erly, the effort electrocardiogram was diagnostic 
in 100 percent of patients with angina. Even 
though this figure was subsequently reduced to 
98 percent, the assertion was so dogmatic and so 
outrageous to cardiologists who knew that 50 
percent positive results was the highest possible 
incidence which could be expected, that there was 
nothing to do but adjourn from the bar and at- 
tempt to disprove the claim. Two hundred effort 
tests later, the argument was settled at a value of 
88 percent, and the resulting paper more or less 
established the ground rules for performance and 
interpretation of these tests which still apply more 
than twenty years later. 
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PART I 


In the past the chief contributions to the better under- 
standing of congenital heart disease have been based on 
necropsy studies, particularly those by Peacock (1866), 
Keith (1909), and Maud Abbott (1928). More recently, 
Brown (1939) and Helen Taussig (1947) have presented us 
with important monographs from a more practical angle, 
but even these have depended on the correlation of clinical 
and post-mortem findings. In some respects all these works 
have necessarily been influenced by the selected nature of 
the material, and have tended to create a number of false 
impressions. For example, of Abbott's 1,000 cases there 
were 37 with three-chambered hearts, 81 with partial or 
complete transposition of the great vessels, 40 with pul- 
monary atresia, 21 with persistent truncus, and 16 with 
tricuspid atresia (total 195); against 33 with atrial septal 
defect (A.S.D.), 55 with uncomplicated ventricular septal 
defects (V.S.D.), 105 with uncomplicated patent ductus, 9 
with simple pulmonary stenosis, and about 71 with Fallot’s 
tetralogy (total 273), giving a ratio of the rare to the com- 
mon types of 2:3. Again, in 1947 Helen Taussig stated 
that she had never had an opportunity of studying a single 
case of pure pulmonary stenosis. The suggestion that 
V.S.D. accounts for 35-40% of all congenital hearts seen 
in school-children (Perry, 1931 ; Muir and Brown, 1934) is 
also unacceptable. 

In recent years, modern techniques have made it pos- 
sible to prove the precise nature and physiological effects 
of 90% of all congenital cardiac anomalies during life. In 
the light of this rapidly acquired knowledge of dynamic 
Processes, many physical signs have acquired a new signifi- 
cance and their proper interpretation has so greatly im- 
proved bedside diagnosis that the special investigations 
responsible for their discovery have already become super- 
fluous in many cases. The time is ripe, therefore, for a 
teview of the whole subject of congenital heart disease from 
a more functional standpoint, to present a fresh account 
of these physical signs, to offer a more practical and physio- 
logical classification of the common or well-recognized 
anomalies, and incidentally to give a truer picture of their 
clinical incidence. By implication, stillborn infants and 
those dying shortly after birth have been excluded from 
he study. 
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*St. Cyres Lecture delivered on June 13 at the Royal Society of 
Medicine under the auspices of the National Heart Hospital, 


Material.—Observations are based on 233 cases of sup- 
posed congenital heart disease examined personally by me 
during the last two and a half years at the National Heart 
Hospital, Hammersmith and Brompton Hospitals, in 
private practice, and at the Rheumatic Fever Centre, 
Taplow. Of these, 152 were catheterized, and in 42 
angiocardiograms were taken. Further confirmation of the 
diagnosis was obtained at operation in 44 cases and at 
necropsy in 20. 

Techniques 
i 1. Cardiac Catheterization 

American nylon catheters and saline manometers were 
used throughout, as described by McMichael and Sharpey- 
Schafer (1944). Mean pressures are expressed in milli- 
metres of mercury above the sternal angle with the patient 
horizontal. Blood gas analysis was carried out by trained 
technicians using Haldane’s or van Slyke's apparatus, The 
catheter was inserted into a median antecubital vein in all 
cases but one, in which the external jugular had to be used. 
Failure to enter the superior vena cava was always due to 
inexperience and could usually be overcome by asking the 
patient to breathe deeply or by causing an anaesthetized 
patient to cough or gasp; changing the position of the 
head, arm, or body was usually a waste of time. Occa- 
sionally it was mecessary to change the catheter or to use 
the other arm. The services of an anaesthetist are required 
for children under 7 or 8 years old. Dr. B. G, Lucas, at 
the Heart Hospital, has usually given rectal thiopentone 
with intravenous supplements. 

Venospasm is a reflection on the skill of the operator, and 
never occurs if the skin is properly anaesthetized, if all 
traces of disinfectant are washed off the catheter before use, 
and if the catheter is not too large for the vein. It has 
caused no embarrassment in the last 100 cases. 

Air embolism is avoided by keeping the hilt of the 
catheter below right auricular level when sampling. It has 
not occurred in this series. 

Thrombo-embolism, paradoxical or pulmonary, is 
avoided by giving 50 mg. of heparin to the patient, by 
adding a smaller quantity to the saline reservoir, and by 
taking care to keep blood out of the catheter, especially 
when entering a high-pressure chamber and after sampling, 
It has not been encountered in this series, 
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Commentary by Samuel Kaplan, MD 


This St. Cyres lecture on June 13, 1950 could be 
described as a model in clinical investigation. The 
study of 200 patients personally examined by 
Wood was undertaken early in the period which 
ushered in the exciting era of clinical cardiac 
catheterization and angiocardiography. Cardiac 
surgery for congenital heart disease was still in 
its infancy and limited to division or ligation of 
patent ductus arteriosus, resection of aortic coarc- 
tation, systemic pulmonary shunting procedures 
- for some forms of cyanotic heart disease and pul- 
: monary valvotomy. Intracardiac surgery was not 
available. The impact of this study on clinical 
cardiology was clearly stated in the editorial in 
the British Medical Journal which accompanied 
this publication. 


“Dr. Paul Wood has demonstrated convincingly 
how the information gained by cardiac catheterization 
and, to a lesser extent, by angiocardiography may be 
used to increase the accuracy of clinical diagnosis 
through a better understanding of the physical signs 
elicited at the bedside. The emphasis he places on 

“clinical signs is especially valuable at the present time 
in view of the tendency to rely more and more on the 
results of elaborate instrumental investigations.” 


The bedside appreciation and evaluation of the 
mechanisms of abnormal signs are the highlights 
of this study. The recognition of giant a waves in 
the jugular venous pulse in severe simple pul- 
> monary stenosis demonstrates an early emphasis 
on noninvasive techniques. It is of interest that 
the importance of the jugular venous pulse in clini- 
> eal diagnosis is still not generally appreciated in 
this country or was recently “discovered” in some 
clinies. Cardiac auscultation was also exploited in 
this study, particularly the generation of mitral 
diastolic murmurs by torrential blood flow and 
the importance of the second heart sound in the 
diagnosis of atrial septal defect and evaluation of 
pulmonary arterial pressure. It is sobering to ap- 
preciate that twenty-two years ago Wood wrote, 
“No sign will repay closer study than the second 
heart sound at the pulmonary area.” 

The detailed description of right ventricular 
outflow obstruction was new in 1950. It empha- 
sized the frequency of this anomaly as well as 
indication for valvotomy. These studies were am- 
plified one year later by the classic paper on pul- 
monary stenosis with normal aortic root published 
jointly by Abrahams and Wood. 

The division of ventricular septal defects ac- 
cording to their location in the septum (high and 
low) was unacceptable to Wood. He based his 
conclusions on published pathologic material as 
well as his results of oximetry from right heart 
blood samples. His argument has been proved 
true since the majority of simple ventricular septal 


defects are known to be membranous in location 
and closely associated with the aortic and tri- 
cuspid valves. 

He wrestled with the problem of the Eisen- 
menger complex and was early to recognize the 
clinical importance and implications of pressure, 
flow and resistance relationships. This paper in- 
cluded the important suggestion that signs of the 
Eisenmenger syndrome could be produced by ad- 
vanced pulmonary hypertension associated with 
aortic-pulmonary communications as well as ven- 
tricular or atrial shunts. 

An insight into Wood’s incisiveness, perhaps 
dogmatism, was evident in some of his observa- 
tions concerning the technique of cardiac catheter- 
ization. Thus he stated: 


“Failure to enter the superior vena cava was always 

due to inexperience and could usually be overcome 
by asking the patient to breathe deeply or by causing 
an anaesthetized patient to cough or gasp; changing 
the position of the head, arm, or. body was usually a 
waste of time.” 
Prophylactic quinidine to prevent ventricular 
fibrillation during cardiac catheterization was 
recommended by Wood, but he probably would 
have preferred the modern direct-current de- 
fibrillators and cardioverters.. 

Wood disagreed with the published incidence of 
various types of congenital cardiovascular mal- 
formations. He criticized previous studies because 
they were based on correlation of clinical and 
postmortem findings : 

“In some respects all these works have necessarily 
been influenced by the selected nature of the material, 
and have tended to create a number of false impres- 
sions.” 


He also could not accept the fact that ventricular 
septal defects accounted for 35 to 40 percent of 
all congenital heart disease seen in school children. 
But he fell into his own trap because of the age 
groups examined. He saw unusually long survival 
in some adults with congenital heart disease and 
excluded infants who died shortly after birth. 
It is now recognized that the period of highest 
mortality from congenital heart disease is the first 
six months of life. In fact, “the action” in the last 
few years has been with the neonate. 

However, his conclusions are still important 
twenty-two years after they were written. It is 
well to recount his sobering statement in the in- 
troduction to this paper : 

“In the light of this rapidly acquired knowledge of 
dynamic processes, many physical signs have acquired 
a new significance and their proper interpretation has 
so greatly improved bedside diagnosis that the special 
investigations. responsible for their discovery have 
already become superfluous in many cases.” 


Dr. Kaplan is Professor of Pediatrics and Associate Professor of Medi- 
cine, University of Cincinnati, and Director, Division of Cardiology, Chil- 
dren’s Hospital Medical Center, Cincinnati, Ohio. 
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Pulmonary stenosis has always attracted more attention than other forms of congenital heart 
disease. This was true even in the eighteenth and nineteenth centuries, when the approach to 
the whole subject was mainly anatomical, and for that reason academic. In recent years the surgical 
treatment of pulmonary stenosis has inevitably aroused further interest and has underlined the 
need for more detailed clinical and physiological studies. 

Despite this stimulus, there exists today much uncertainty about pulmonary stenosis: disagree- 
ment about nomenclature and a proper classification, ignorance of its true incidence, failure to 
appreciate the great difference between mild and severe cases, unfamiliarity with several of its 
variations, and, above all, a consistent neglect of physical signs, have all contributed to the 
confusion. 

In this paper we present 71 cases of pulmonary stenosis, occurring either as an isolated lesion 
or combined with certain other congenital cardiac defects, but excluding the tetralogy of Fallot. 
Cardiac catheterization was carried out in 55 cases, including all doubtful instances. The diagnosis 
was further confirmed at necropsy in five and at operation in ten. In all cases great emphasis was 
placed on careful history taking, detailed physical examination, and comprehensive electrocardio- 
graphy and radiography. From these studies at least five clear-cut syndromes have emerged, 
which may be diagnosed at the bedside with a high degree of accuracy. Special techniques are now 
rarely necessary for practical purposes. 


ETIOLOGY 


It is not proposed to discuss the embryology of congenital pulmonary stenosis in detail: 
this has been thoroughly reviewed by Brown in his recent monograph (1950). It has been sug- 
gested that the valvular type is the outcome of foetal endocarditis of the pulmonary cusps after 
closure of the venticular septum (Abbott, 1927). However, Gross (1941) did not accept this claim 
because of the lack of any histological evidence of previous inflammation, and because the nature 
of the endocarditis remained obscure: he suggested that the valvular deformities were due to 
maldevelopment of the arteries supplying the valves, with consequent infarction and fibrosis. 
Recently, Gregg (1941), in Australia, has reported a relationship between congenital heart disease 
in the infant and maternal rubella during the early months of pregnancy, and this has been amply 
confirmed (Swan et al., 1943; Conte er al., 1945: Miller, 1948; Grénwall and Selander, 1948; 
and Wesselhoeft, 1949). Wesselhoeft stated that the commonest lesions in such cases were patent 
ductus arteriosus and ventricular septal defect, and such anomalies indicate that congenital heart 
disease caused by the rubella virus is due to a maldevelopment rather than to inflammation. Two 
of the present series of 69 cases of congenital pulmonary stenosis could be attributed to rubella. 
This low incidence agrees with the general evidence that maternal rubella is a causal factor in only 
4 to 5 per cent of all cases of congenital heart disease, although this is ten times the expected fre- 
quency if the relationship were coincidental (Conte er al., 1945; Miller, 1948: and Campbell, 1949). 

Keith (1909) concluded that infundibular pulmonary stenosis was due to an arrest of the normal 
involution of the bulbus cordis, which should be incorporated into the right ventricle by the end 
of the second month. This has received universal agreement, 
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Commentary by Maurice Campbell, DM, FRCP 


After Paul Wood’s name as author of this paper is 
Resident Medical Officer, National Heart Hospital, 
1934. This was because the article appeared in a 
number of the British Heart Journal “dedicated to 
Sir John Parkinson with admiration and affection 
by the British Cardiac Society,” and Wood’s post 
as R.M.O. was his first connection with Sir John. 

It was, in fact, only his second post in England 
after coming from New Zealand. Within two or 
three months, his wide knowledge at such an early 
age, his ability to elucidate physical signs, and his 
incisive reasoning in reaching a diagnosis made 
such an impression on the medical staff of the hos- 
pital that they were saying to each other that he 
would be the next man elected as their colleague; 
and he joined them only three years later. 

When Wood returned to Hammersmith and the 
National Heart Hospital in 1947 from his army 
service, he was soon deeply involved investigating 
cardiac malformations by catheterization. The 
amount he had seen and learned is well shown by 
his St. Cyres Lecture,’ in 1950, a wonderful com- 
bination of simple physical signs, elaborate inves- 
tigations and clearly deduced general principles. 
Paul and I greatly enjoyed talking over our prob- 
lems, almost regularly for several years on 
Wednesday mornings after his catheterizations 
and my ward round at the Heart Hospital. They 
were such exciting times. So little was known 
about the clinical and physiological aspects of car- 
diac malformations that, like Wood and myself, 
many others in Britain, France and the United 
States were making the same new discoveries 
about pressures and flows in the heart handicapped 
by its many different malformations. 

This particular paper on..pulmonary stenosis 
reads well after twenty years, and there is not, I 
think, much that Paul would want to change. Our 
relative lack of knowledge at the time is shown by 
his emphasis that pulmonary stenosis is a malfor- 
mation and not due to fetal endocarditis, and that 
it is not a rarity. Only five years before, Currens, 
Kinney and White? had been the first to describe 
eleven cases from their hospital records. When op- 
eration became possible, many patients with pul- 
monary stenosis soon appeared, and Allenby and 
Campbell? described nine personal cases, most 
proved at necropsies. Wood included forty-five un- 
complicated cases and another eight with a right 
to left shunt through the atrial septum; and some 
with other complications. Not long after, I re- 
ported on 100 personal patients,‘ in seventy-five of 
whom the diagnosis was proved by catheterization 
or operation. 

Wood emphasized the many differences between 
slight and severe cases with clear accounts of the 
different symptoms and physical signs, including 
X-ray and electrocardiographic data, His dis- 


cussion of the second heart sound in pulmonary 
stenosis (page 527) is a good example of his clarity 
and logical reasoning after accurate observation 
of the evidence which included phonecardiograms. 
He is critical but not unduly so of some earlier 
views: “These discordant views have arisen from 
failure to appreciate the normal character and con- 
stitution of the second heart sound with conse- 
quent lack of precision in describing what is ac- 
tually heard in pulmonary stenosis.” 

“The pulse is normal when the cardiac output is 
normal, but may be small when the output is di- 
minished by severe pulmonary stenosis.” Equally 
clear is Wood’s description of the large presystolic 
a wave in the jugular venous pulse in cases of 
severe pulmonary stenosis, He emphasized the 
ease with which it should be seen and recognized. 
He gave full credit to Laubry and Pezzi,° but it 
was his teaching and wonderful film of the venous 
pulse that established its diagnostic importance 
and made it so widely known. 

Wood’s statement that “mild cases may be ex- 
pected to enjoy middle age and several have 
reached 70 years, but severe cases are likely to die 
from congestive heart failure in the second or third 
decades” was advanced for the time, but we now 
know more about the natural history of those with 
pulmonary stenosis." For those surviving the great 
hazards of the first year of life, the cumulative 
percentage mortality at the end of each of the first 
seven decades is about 18, 31, 51, 72, 85, 92 and 96 
percent.® This means that half have cied by thirty, 
and nearly three quarters by forty years. 

Obviously the outlook is better for mild cases, 
but there is no agreed classification. Average levels 
of right ventricular systolic levels chosen by sev- 
eral authors, including Wood, are mild under 60 
mm Hg, severe over 115 mm, and moderate be- 
tween these figures. Perhaps even more important, 
how long will the degree of stenosis remain mild? 
I have analyzed eighty-four patients who were 
recatheterized after average intervals of six years: 
sixty showed no change and twenty-four consider- 
able rises at a mean rate of 8mm Hg a year. Divid- 
ing this large rise among all eighty-four patients 
shows a general average rise of 23 mm Hg a 
decade, quite enough to explain the rather bad out- 
look, A rise was less common among the mild cases 
but occurred in one seventh of them. It was found 
in two sevenths of the moderate, and in just over 
half of the severe cases.’ 

Subacute bacterial endocarditis seems likely to 
attack nearly 1 percent per annum, but this should 
now be curable. Wood saw two patients who were 
greatly improved after this, but the only patient I 
have seen whose stenosis, aortic in this case, was 
cured by an attack soon died from aortic regurgi- 
tation, 
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From the start Wood was keen on surgical 
treatment for pulmonary and mitral stenosis. Of 
his patients in this paper, ten had already had 
pulmonary valvotomy, and of the first eighteen 
operations’ two were performed in his patients 
and he had catheterized two others for me. He 
joined us in a report of the first 100 British pa- 
tients after mitral valvotomy.’ Baker was asked 
to write the paper, and the other three all thought 
it should express their views exactly. We decided 
to meet at Charles Baker’s house and to stay till 
we had an agreed text. There were many fierce 
disputes, especially between Paul and Charles. 
When. Paul drove me home after 3 AM I found his 
opinion of Charles was greatly raised for stand- 
ing up to him. Paul’s best writing on mitral 
‘stenosis is one of the papers included in this issue. 

A most important question is “How far can 
pulmonary valvotomy be curative and give a nor- 
“mal expectation of life?’ I have not seen many 
recent papers about this. In 1959 I tried to answer 
the question on the results found after six years 
on sixty-four patients (twenty-one cyanotic and 
forty-three acyanotic) who had survived val- 
votomy for pulmonary stenosis.® I omitted seven 
because details of their follow-up were incom- 
plete. In the remaining fifty-seven patients, 61 
percent reached this high standard with the 
gradient across the pulmonary valve reduced 
from 111 to 28 mm Hg (averages), with much 
smaller hearts, and cardiographie signs of right 
ventricular strain abolished or greatly reduced. 
I hoped their expectation of life might be nearly 
normal. The other 39 percent were much im- 
proved but not to this extent; the average gra- 
dient was reduced from 135 to 55 mm, the hearts 
were smaller, and the right-ventricular strain 
much less but never abolished. Most patients in 
the former group were under sixteen and only 
four were over twenty, but in the latter group 
nearly half were over twenty years. Valvotomy 
may be more difficult in older patients, but prob- 
ably operations should be performed before 


fibrotic changes in the right ventricular muscle 
prevent equally good results, 

I am ending with two questions that may have 
been solved to general satisfaction, but I am not. 
aware of conclusive evidence. 

First, have open operations proved so much 
better that they should always be used? Only a 
few of our later patients had open valvotomy. . 
Blount et al. found this produced a much greater 
reduction in the gradient at the pulmonary valve, 
to 20 mm. Hg or less in seventeen patients and 
to between 21 and 41 mm in the other eight re- 
catheterized. But eight of the thirty-eight had 


some degree of pulmonary regurgitation after- 
wards, It did not appear important at first, but is 


almost certainly a drawback in the long run. 
Second, is there a gradient at the pulmonary 
valve so small that it can be left indefinitely ? 
There is increasingly good evidence that small 
ventricular septal defects with a normal pul- 
monary arterial pressure do not need operation 
because many will close spontaneously and the 


others will not get worse. I cannot answer this . 2 


for pulmonary stenosis but guessed that gradients 
under 30 mm might not prove of much importance 
although even such patients must be kept under 
observation to make sure gradients are not in- 
creasing.’ 

Finally, two small criticisms, I have never liked 
the title. A normal aortic root should be assumed 
unless otherwise indicated, as by Fallot’s tetral- 
ogy. This applies also to “with a closed ventricu- 
lar septum” of my own article.t These terms be- 
long to the period when most patients with pul- 
monary. stenosis were thought to have Fallot's‘ 
tetralogy and we had to emphasize that this was. 
not so. Second, I never thought that many of my 
patients had a “moon” facies. I would, however, 
say that if twenty patients with aortic coarctation 
were mixed among twenty with atrial septal de- 
fect, many of the former could be picked out by 
their good physique and many of the latter by 
their gracile appearance. 
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Commentary by Joseph K. Perloff, MD, FACT 


In “Pulmonary Stenosis With Normal Aortic 
Root”—written two decades ago—Paul Wood dis- 
pelled the idea of seeming rarity, called attention 
to the broad range of severity, showed that accur- 
ate diagnoses could be made at the bedside, and 
emphasized that the clinical manifestations of the 
relevant malformations were best understood in 
the light of the physiologic as well as the anatomic 
derangements. The introduction of surgical treat- 
> ment for pulmonic stenosis spurred interest and 
emphasized the need for detailed clinical and 
physiologic assessment. Wood addressed himself 
to this task with characteristic vigor and insight. 
His racy style is clear and forthright, and the 
paper replete with phrases and comments that 
remain in common use. 

By normal aortic root, Wood meant that the 
aorta arose entirely from the left ventricle, ex- 
cluding classic Fallot’s tetralogy according to his 
definition of that anomaly. Given a normal aortic 
root, “simple” pulmonary stenosis could exist as 
the sole mechanical and physiologic fault, or could 
exist with either left to right or right to left 
_ shunts at atrial or ventricular levels. The gem 
of Wood’s essay is the section on simple pul- 
monary stenosis (45 cases). I have arranged my 
remarks as a series of brief comments on points 
that best permit an appraisal of Wood’s paper 
in a contemporary light. 

Etiology: The paper begins with a discussion 
of etiology that establishes the desirability of 
viewing congenital heart disease not as a statisti- 
cally inevitable accident but as disturbed develop- 
ment that may have recognizable causes. The first 
Australian reports on the relationship between 
maternal rubella and congenital heart disease were 
detailed, and Wood wondered whether two of his 
cases of congenital pulmonic stenosis could be so 
related. He was aware of the prevalence of patent 
ductus arteriosus in the offspring of. rubella 
mothers, but there had been no previous comment 
on pulmonic stenosis. It is doubtful that a connec- 
tion existed in Wood’s patients, but we now know 
that the two commonest cardiovascular anomalies 
caused by maternal rubella are patent ductus ar- 
teriosus and stenosis of the pulmonary artery and 
its branches. 

General appearance: In the discussion of 
physical signs—which was astonishingly ahead of 
its time—Wood devoted two paragraphs to the 


gexeral appearance of the patient. In the first 
paragraph he drew attention to a characteristic 
facies in severe pulmonic stenosis—the bloated or 
“noon” appearance. It is apparent to us now that 
phvsical appearance in pulmonic stenosis may be 
diegnostically useful from a number of points of 
view. Infants with isolated valvular pulmonic 
stenosis may look remarkably healthy, with good 
fat deposits and chubby round faces. At times the 
face is wide, full or even bloated, with highly 
cobred cheeks. In the second paragraph Wood 
commented, “Peripheral cyanosis, especially on 
effort, may occur in severe cases, and adds color 
to the characteristic moon facies.” He made a 
clear distinction between the central cyanosis of 
deenac (1749) and the peripheral cyanosis of 
Mergagni (1761). The fingers, toes and nose may 
be dusky (peripheral cyanosis) because of an in- 
crease in systemic capillary oxygen extraction. In 
addition, in severe pulmonic stenosis with small 
or intermittent right to left shunt through a 
foramen ovale (very mild central cyanosis with 
arterial oxygen saturation around 90 percent) 
the digits may be erythematous or even fiery red. _ 
Sour other physical appearances deserve com- 
ment in the light of contemporary knowledge. 
Turner’s syndrome (small stature, shield chest, 
wéb neck) is oceasionally associated with valvular 
puimonic stenosis although coarctation of the 
aorta is more likely. The rubella syndrome with 
physical and mental underdevelopment, cataracts 
and deafness is often accompanied by stenosis of 
the pulmonary artery and its branches. Pulmonary 
arterial stenosis and supravalvular aortic stenosis 
are features of a syndrome that includes mental 
re-ardation and peculiar facial appearance—small 
chin, large mouth, patulous lips, blunt upturned 
nese, wide-set eyes, broad forehead, baggy cheeks, 
and malformed teeth. Finally, stenosis caused by 
m-xomatous dysplasia of the pulmonary valve 
may be associated with triangular face, hyper- 
tesrism, ptosis of the eyelids and low-set ears. 
Jugular venous pulse: Wood's analysis of the 
jugular venous pulse and the implications drawn 
from giant a waves are fresh, concise and re- 
markably contemporary both in terms of sophisti- 
cased physical examination and modern concepts 
of myocardial contractility. The following story is 
reevant in this regard. One afternoon when I was 
sezing outpatients with Wood at the National 
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‘Heart Hospital, he went up to an examining table 
and gazed quizically at a 21 year old woman. 
The monologue went something like this: 


“She has a large pulsation in her neck. Amplification 
during inspiration implies that the pulse is venous and 
: its-regularity suggests sinus rhythm, If this is so, then 
the pulsation. must be a giant a wave. Now giant a 
waves occur with severe pulmonary stenosis, severe 
pulmonary hypertension or tricuspid stenosis.” 


Wood then palpated the left sternal border and 
remarked, 


“There is no right ventricular thrust, no thrill of pul- 
monary stenosis and no palpable sound of pulmonary 
closure. The a wave therefore cannot be due to either 
pulmonary stenosis or pulmonary hypertension. So this 
young woman must have tricuspid stenosis.” 


Iam sure that any of the three diagnostic possi- 
bilities posed by giant a waves would have been 
resolved with equal dispatch by this line of reason- 
ing: In “Pulmonary Stenosis With Normal Aortic 
Root” Wood commented, 


“Some writers seem to doubt whether simple pulmonary 
stenosis can be distinguished clinically from many 
other acyanotic congenital defects... . It is difficult to 
understand such views, for in our experience an accu- 
rate clinical diagnosis is nearly always possible at the 
“bedside... .” 


I soon understood why this was so. In describing 
-the giant a wave Wood said, “It leaps to the eye, 
towering above and dwarfing the other waves of 
the venous pulse... .” Such a dramatic event must 
have a reason, must serve a purpose. Chance al- 
ways favors the prepared mind, and the chance 
came transiently in the catheterization laboratory: 


“So the suggestion by Laubry and Pezzi (1918) that 
the large a wave is due to increased resistance in the 
right ventricle may. well be correct. ... Two patients 
with severe pulmonary stenosis had transient nodal 
rhythm occur while the right ventricular pressure was 
being recorded; in both, the systolic pressure fell dur- 
ing the period of nodal rhythm, although there was no 
“appreciable change in heart rate, ... This shows clearly 
that strong right atrial-contraction in presystole helps 
the right ventricle to generate a high systolic pressure. 
This is probably an example of Starling’s law of the 
heart, strong atrial systole augmenting late diastolic 
distention of the right ventricle so that that chamber 
contracts more forcibly.” 


Wood understood that atrial contraction acted as 
an effective booster pump, enhancing ventricular 
filling in presystole so that stroke volume could be 
‘maintained. 

Cardiac impulse: The description of the “Car- 
diac Impulse” is a model of clarity, first defining 
normal precordial displacement to set the stage 
for comments on the impulse of pulmonic stenosis. 
Listen to these descriptions and never again use 


the vague term “point of maximal impulse.” Wood 
wrote: 

“The normal cardiac impulse is, of course, a left ven- 
tricular systolic event. When the left ventricle hyper- 
trophies, the impulse becomes more sustained and 
thrusting or heaving in character ... and at the game 
time there may be visible retraction of the soft tissues 
between the ribs medial to it. When the right ventricle 
enlarges, it displaces the left ventricle backwards away 
from the anterior chest wall and comes to occupy most 
of the anterior cardiac surface. This modifies the car- 
diac impulse: the left ventricle impulse disap- 
pears. ... The hypertrophied right ventricle causes in- 
stead a visible and palpable lift or heave in the third 
and fourth intercostal spaces between the sternal bor- 
der and the midclavicular line. When very pronounced, 
the right ventricular lift may be felt right over as far 
as the apex beat, where it may be mistaken for a left 
ventricular thrust.” 

First heart sound: In Wood’s discussion of 
the heart sounds in pulmonic stenosis, there is a 
curious omission—the pulmonic ejection sound. 
All the more odd since Wood carefully described 
the first heart sound: “There was nothing re- 
markable about the first heart sound. ... It was 
neither unduly split nor accentuated. . . .” We now 
realize that a pulmonic ejection sound has con- 
siderable significance in the auscultatory char- 
acterization of right ventricular outflow obstruc- 
tion. An ejection sound is a typical feature of 
congenital valvular pulmonic stenosis and serves 
an important function in identifying this form of 
obstruction. The sound is attributed to the abrupt 
upward movement of the conical or dome-shaped 
stenotic valve. A pulmonic ejection sound can be 
recognized by its high-pitched, sharp clicking 
quality, its maximal intensity in the second left 
intercostal space, and characteristically—though 
not invariably—by its selective decrease during 
inspiration and increase during expiration, Un- 
complicated infundibular pulmonic stenosis and 
stenosis of the pulmonary artery and its branches 
are rarely associated with ejection sounds be- 
cause the valves are normal and the pulmonary 
trunk dilated little if at all. 

Dilatation of pulmonary artery: Under “X- 
Ray Appearance” there is a small-print paragraph 
in which Wood speculates about the origin of 
poststenotic dilatation of the pulmonary artery. 
The paragraph typifies Paul Wood’s interest in 
unsolved problems, reflects his conceptual grasp 
of an issue, and shows an astonishing familiarity 
with published information. After recording a 
number of speculations in order to dismiss them, 
Wood writes: 


“However, in 1915, Cavina produced pulmonary stenosis 
experimentally in rabbits by ligating the pulmonary ar- 
tery at its source, and he reported that the dilatation 
of the pulmonary artery distal to the stricture oceurred 























consistently in all animals that survived. It seems prob- 
` able, therefore, that the dilatation is a natural mechani- 
` cal outcome of the stenosis.” 


~ Attention is thus called to an experimental model 
“developed 56 years ago. All the more interesting 
when we realize that as late as 1947, Taussig 
‘stated (according to Wood) that she had never 
had the opportunity of studying a proved case of 
` pure pulmonic stenosis. Interest in the mechanism 
- of poststenotic dilatation has not abated, and in 
1963 Margot Roach won the American College of 
~ Cardiology’s Young Investigators’ Award with a 
discourse that began, “Poststenotic dilatation is a 


peculiar clinical phenomenon that has puzzled: 


physiologists for many years’—Wood and Cavina 
» among them. 
Electrocardiogram: The — electrocardiogram, 
Wood pointed out, records all degrees of right 
ventricular hypertrophy, and in very mild cases 
‘is entirely normal. It is now established that there 
are important correlations between the electro- 
cardiogram and the hemodynamics in pulmonary 
stenosis. Electrocardiographic alterations asso- 
--ejated with various degrees of obstruction make 
the scalar tracing a useful tool in the clinical 
assessment of severity. The degree of pulmonic 


stenosis correlates fairly well with the R/S ratio 
in leads V, and V and with the height of the R 
wawe in lead V,. Wood constructed a table relating 
the appearance of the unipolar chest leads to 
various grades of pulmonic stenosis and, in prin- 
ciple, the guidelines are still valid. However, in 
judging the electrocardiogram in mild pulmonic 
stenosis, we should not forget that wpright right 
precordial T waves occur. with increased right 
ventricular pressure in infants and young chil- 
dren. T waves in these leads normally invert by 
72 hours after birth. Upright T waves in the right 
precordium may be the only electrocardiographic 
abnormality in children with mild pulmonic 
stenosis. ; 

Much was learned from Paul Wood’s papers at 
the time they were written. Much can be learned . 
from studying them in retrospect. Wood was a 
superb medical writer who dealt clearly and suc- 
ciactly with substantive issues. In the acknowledg- 
meant of The Clinical Recognition of Congenital 
Heart Disease I wrote, “I would like to recognize a 
perticular debt to the late Doctor Paul Wood from 
whom more than anyone else the ideas in this book 


stem.” It is a pleasure to repeat this acknowledg- 


ment with emphasis and without qualification. 


Dr. Perloff is Chief, Section of Cardiology, Hospital of the University of 
Pennsylvania, Philadelphia, Pennsylvania. ee 
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Our interest in valvotomy for mitral stenosis extends 
back over several years, although it was not until Sep- 
tember, 1948, that our first patient was operated on. In 
June, 1950, we were able to report our experiences in 
nine patients, seven with successful operations (Baker, 
Brock, and Campbell, 1950). We are now able to report 
the immediate results on 100 patients treated by opera- 
tion, with a more detailed analysis and follow-up of the 
first 50, the last of whom was operated upon in May, 
1951, so that all have been followed for six months, the 
majority for more than a year, and some for two to three 
years. Apart from two patients at the Johns Hopkins 
Hospital, Baltimore, the operations were done at either 
Guy's Hospital or the Brompton Hospital, and all by one 
surgeon. For the purpose of analysis and follow-up the 
two Baltimore cases have been omitted from the first 50. 
In previous papers we have followed common usage in 
writing of pulmonary or mitral “ valvulotomy,” but it is 
a valve and not a valvule that is divided, and we think 
the term “ valvotomy ” is more correct, even though it is 
still a hybrid formation, The operation really does more 
than splitting the commissures, for if the valve cusps are 
reasonably supple the operation may enable them to close 
better and more normally, but we have thought it better 
to reserve the term “ valvoplasty ” for more elaborate 
operations that may be possible in the future. 


Present Position of Mitral Valvotomy 


Our earlier paper contained a fairly full presentation 
of the problem of mitral valvotomy up to that time, and 
there is no need for repetition here. The great improve- 
ment observed in seven of the nine patients enabled us 
to say with some confidence that the operative relief of 
mitral stenosis was a practical procedure with a reason- 
ably low mortality, and that it could justifiably be recom- 
mended in suitable cases and would probably have a 
wider application. Our subsequent experience reported 
here with 100 cases and with 32 good or excellent results 
in the follow-up of the first 50, as well as the experience 
of several other clinics, amply confirms these views. 

The relatively low mortality of the operation deserves 


immediate emphasis. Thus of our first 20 patients, 7 
died ; only one more patient died in the next 30, making 
8 deaths in the first 50 cases, and only 5 more in the next 
50, making 13 deaths in the first 100 cases. Even severely 
ill patients with advanced mitral stenosis will stand 
cardiotomy well, provided the mechanical obstruction 
within the heart is relieved by the operation. 

As soon as our first report appeared the great need 
for operative relief of mitral stenosis was borne vividly 
upon us by the large number of patients presenting them- 
selves for consideration, the requests coming from 
cardiologist§, from general practitioners, and from the 
patients themselves. A future that previously seemed 
bleak for many patients, generally under 40 and often 
under 30 years of age, has been completely changed. It 
is only in dealing with a large number of these patients 
that one realizes the true extent of the tragedies that 
mitral stenosis can produce. 

Successful surgical treatment of mitral stenosis has 
disclosed a problem of great extent. Congenital heart 
lesions, for instance, constitute only 2% of all cases of 
heart disease, and it is fair te say that their operative 
relief is best undertaken in a few special centres. By 
contrast, rheumatism causes 25% of cases of heart 
disease in hospital (Wood, 1950), and in half of them 
mitral stenosis is the predominant lesion. It is not 
possible for all the patients for whom operation is re- 
quired to be dealt with in a few special centres. Mitral 
valvotomy is now a standard procedure that should be 
practised in all thoracic surgical clinics in large centres. 

Although a new field of surgery has been opened up, 
the problem is even larger than the purely surgical con- 
ception. In some respects it is comparable with that of 
pulmonary tuberculosis, in which surgery has come to 
play a large and increasing part, but is still only one 
factor in the general management. Many patients with 
mitral stenosis, as many with pulmonary tuberculosis, 
will never need operation, but must have medical treat- 
ment. Close co-operation between surgeon and phy- 
sician is essential, and when operation is needed the 
selection of the best time for surgery comes py 
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Commentary by R. C. Brock, MD, MS, FRCS, FACS (Hon.) 


Although I worked very closely with Paul Wood 
from 1948 until his death in 1962, he and I col- 
laborated on only one article and that one a com- 
bined effort with Maurice Campbell and Charles 
Baker on the results of operation in our first 100 
‘eases of mitral valvotomy. 

I performed my first mitral valvotomies in 1948, 
and a report of nine cases was made in 1950 with 
Baker and Campbell from Guy’s Hospital. Concur- 
rently, however, I had been collaborating with Paul 
Wood at the Brompton Hospital where I was op- 
erating on an increasing number of patients for 
him. Hence his inclusion in the authorship of the 
report of our first 100 cases, Once the success of 
operation for this condition had been established, 
Wood was a devoted follower of it and realized 
fully that it provided a means of affording me- 
‘chanical relief for an organic end-result condition 
that otherwise could only be imperfectly palliated. 
It was not only a great help to have his enthusias- 
tic support in advising and employing the opera- 
tion, but his keen clinical judgment and his great 
experience were of immense value and also a great 
¿stimulus to effort in these difficult pioneering days. 

Wood tended to be somewhat of a lone wolf in 

‘cardiology, and it was therefore worthy of com- 
ment that we succeeded in getting him to partici- 
pate in a paper on mitral stenosis with three other 
authors. The article itself is today somewhat pe- 
destrian in view of our enormously increased 
knowledge of and experience in this condition. At 
that time it was a valuable survey of the position 

zin regard to mitral stenosis and all that operation 
offered. 

Wood played an important part in the compila- 
tion of the article, which was definitely a joint 
effort, and as I remember contributed particularly 
to the presentation of pulmonary hypertension 
and pulmonary edema. It would, however, be diffi- 
cult to select those parts that were especially in- 
fluenced by him. I remember that, characteristi- 
cally, there were some sections of which he did 
not fully approve, but after registering his pro- 
tests he did not press the matter unduly. At this 
time Wood not only was doing the cardiac cathe- 
terization of all his patients himself, an immense 
task, but was almost unique in this respect and in 


the numbers of these and other laboratory studies 
tha: he was doing in a wide range of cardiac cases. 

This work inevitably involved congenital cases, 
anë I operated on many patients with congenital 
heart disease in collaboration with him over the 
years. Again, in this field, I profited greatly from 
his skill and experience and particularly his in- 
tense and devoted interest in his cases and pa- 
tieats. Although we wrote no articles together on 
our many cases of congenital heart disease, Wood 
madje abundant use of the material thus derived 
from our combined efforts for his authoritative 
wrtings on congenital heart disease. He was al- 
ways a little disappointed that the volume of con- 
geaital cases coming to him was smaller than that 
coming to the clinic at Guy’s Hospital. The clinical 
research that he based on these cases was in no 
wey lessened by the somewhat smaller experience. 

“All who knew Paul Wood will testify to his ex- 
treordinary, indeed his brilliant skill as a clinician 
in cardiology. He would approach each patient as 
a challenge and would devote intense effort to 
elucidating the individual problem by application 
of the clinical methods of which he was such a 
master. Often his clinical assessment was totally 
correct and the laboratory investigations served 
principally as a confirmation of what he had al- 
ready deduced. I suppose he was head and shoul- 
ders above his contemporaries as a pure clinician, 
bet he lacked no application to obtaining the ad- 
vantages of laboratory methods for extension, am- 
puification and confirmation of his clinical findings. 

I recall many individual cases in which his as- 
sessment and advice was penetrating and abso- 
letely correct. The simplicity of his approach at 
tāmes was noteworthy, and it could clarify an 
oxherwise difficult problem. I remember asking his 
advice about operation on a man of forty-three 
with an aortic coarctation who had married a 
much younger woman who already had produced 
two young children. The responsibilities involved 
were obvious. Paul Wood’s assessment included 
pointing out that it would be reasonable to assume 
tnat the patient’s expectation of life without op- 
eration was not much more than five years. This 
being so, he indicated that the average mortality 
to be faced was in the first year 20 percent, in the 


second year 25 percent, in the third year 33 per- 


: _ cent, and so on. This he pointed out was the medi- 
eal or expectant mortality risk; he then asked 
<- whether I thought the surgical risk was compar- 


a able. As I placed the risk of operation at no more 
than five percent, his reply was, “Well, you have 


-o your answer,” 


Paul Wood's death, although anticipated or ex- 


: -> pected by him, came with shattering suddenness to 


many and especially to one who was a close friend 
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Commentary by Arnold M. Katz, MD, FACC 


“He who would make accurate forecasts as to those who will 
recover, and those who will die, and whether the disease 
will last a greater or less number of days, must understand 
all-the symptoms thoroughly and be able to appreciate them, 
estimating their powers when they are compared with one 
another, as I have set forth....... r 


Hippocrates, “Prognostic XXV” 
Trans. W. H. S. Jones, Hippocrates, 
Vol. II, Wm. Heinemann Ltd., 
London, 1923 


Paul Wood must be listed among the great physi- 
cians whose approach to the patient follows the 
finest Hippocratic tradition. Nowhere is a reasoned 
synthesis of clinical findings more clearly pre- 
sented than in this classic article, “An Apprecia- 
tion of Mitral Stenosis.” Rereading this paper, to 
me brings to life the image I formed of “P.W.” 
during the academic year 1960-1961, when I was 
privileged to spend a year with him as Honorary 
Assistant Registrar at the Institute of Cardiology 
and National Heart Hospital, and William ©. 
Moseley, Jr., Travelling Fellow in Medicine of 
Harvard University. 

To understand the impact that Paul Wood’s 
teachings had on me, the reader must project him- 
self back to the mid-1950’s, when clinical cardiol- 
ogy was in the process of assimilating the enor- 
mous body of scientific knowledge generated by 
the great physiologists of the previous half-cen- 
tury. The impact of cardiac catheterization and 
diagnostic angiography, coupled with that of the 
_ rapid advances in cardiac surgery, had, within a 
decade, lifted clinical cardiology from a sterile 
intellectual exercise to a rapidly evolving partner- 
ship with the cardiac surgeon that permitted the 
accurate clinical evaluation and effective therapy 
of patients with valvular and congenital heart dis- 
ease. Thus, prior to the 1950’s, the approach to 
the patient with mitral valve disease served only 
to put a label on the hemodynamic abnormality; a 
label that served no useful purpose and which could 
be verified only at autopsy. My own training in 
clinical cardiology, though strengthened by some 
experience in cardiovascular physiology and a 
limited exposure to a number of fine clinical 
cardiologists, was based essentially on the pre- 
~- cepts of the 1930’s and 1940's. Imagine, then, the 
impact of Paul Wood’s teachings, so clearly illus- 
trated in this classic on mitral stenosis. The ex- 
perience was devastating. 

The first thing one learned from Paul Wood 
was the importance of accurate clinical observa- 
tion. Not only were the observations themselves 
to be precise; but the collection of data from the 
patient was to follow a preset order, in which each 
step served to test and, if possible, to expand upon 


the interpretations reached earlier. This approach 
can be seen clearly in this article. First one takes 
the history, the patient’s answer to each question 
going into the formulation and interpretation. of 
the next question. Thus (p. 1053*), does the dis- 
abled patient with mitral stenosis give a history. 
of paroxysmal dyspnea? If not, it is likely that 
the patient has a significant degree of pulmonary 
hypertension (p. 1053). Assuming this preliminary 
diagnosis to be correct, one might be able to elicit. 


a history of pulmonary apoplexy. If the patient re- __ 
lated that a sudden profuse pulmonary hemor- | 
rhage occurred ten years ago, Wood would add 2 
this evidence to support further the diagnosis of 


pulmonary hypertension (p. 1054). The patient 
is then questioned as to the presence of cardiac 
pain. Again, though only suggestive, a positive 
reply would add to the weight of evidence pointing. 
to the existence of pulmonary hypertension (p.. 
1055). Each question had a bearing on the diag- 
nosis, so that at the beginning of the physical 
examination, Wood would already be alerted to. 
the likelihood that he is dealing with mitral 
stenosis complicated by pulmonary hypertension. 
If, while the history was being taken, Wood noted 
mitral facies (p. 1058), he would consider the diag- 
nosis of pulmonary hypertension to be highly 
probable. Thus, the remainder of the physical ` 
examination would include a careful search for 
corroborative evidence for this diagnosis, and an 
attempt would be made to estimate the actual 


level of pulmonary arterial pressure. Wood would re 
measure the hydrodynamic level of the jugular 


venous pressure (not “venous distention at 30°,” 
a patently imprecise observation) and look for a 
giant @ wave (p. 1058). A prominent right ven- 
tricular lift (p. 1059), a loud P, (p. 1062), and a 
murmur of pulmonic insufficiency (p. 1063) would 
then be looked for. By the time one turned to the 


electrocardiogram and X-ray films, it was to an- o 


swer specific questions. Rarely did these, or for 
that matter any laboratory study, provide Wood 
with new information. These studies only con- 
firmed previous diagnoses, aided in the assessment 
of severity, or permitted the correct selection of 


* All page numbers refer to Wood's article, “An Apprecia- 
tion of Mitral Stenosis.” 








approach to every patient, the answer to one ques- 
tion leading logically to another question; each 
physical finding interpreted in the context of the 
pathologic physiology manifest in that patient; 
each series of questions or physical findings lead- 
ing to a specific diagnosis, and a quantitative 
evaluation of severity. If the logical chain was 
broken (e.g., the finding of a soft P, in a patient 
in whom the trail seemed to point initially to 
pulmonary hypertension), then Wood would re- 
turn to the beginning and try to reconstruct the 
evidence so that all discrepancies could be resolved. 

As he proceeded through the evaluation of a 
patient, P.W. would be looking more and more 
specifically for each of the collateral findings. 
Once, when asked how he could pick up tricuspid 
> flow murmurs so well in atrial septal defect, he 
- gmiled and said, “By the time one learns to listen 
to a heart it is too late.” In other words, when 
you know what to expect, you usually found it. 
Yet, for Paul Wood there was absolutely no sham. 
A finding was a finding, even if it couldn’t be ex- 
plained. One day, at the Brompton Hospital, P.W., 
with delight, called our attention to a giant a 
wave in a patient with constrictive pericarditis 
saying, “I once said this couldn’t occur; now look 
for yourselves.” On another occasion one of the 
students in the Institute of Cardiology’s semi- 
annua] two week course (these students regularly 
took a terrible browbeating from Wood) had de- 
scribed a normally split second sound in a patient 
who, it turned out, clearly had an atrial septal de- 
fect. When confronted with the active precordium, 
pulmonic systolic murmur and tricuspid flow mur- 
mur this student made the mistake of telling P.W. 
that the second sound must, indeed, have had a 
fixed split. Wood turned on this unfortunate physi- 
cian and said, “I want you to imagine yourself a 
pathologist who has sent me a report that a pa- 
tient had a hemoglobin of 14 gm. %, and I called to 
tell you that I was absolutely certain the patient 
was anemic. You would, I suppose, then tell me: 
‘Well, then, the hemoglobin is 8 gm. %.’ k 

Rarely was a puzzling physical finding dis- 
missed as unimportant—either it could be ex- 
plained properly, or it was filed away in Wood’s 
mind as an unresolved problem. It would not be 
forgotten. For example, during the year I was in 
London, the peculiar phenomenon of the disap- 
pearing ejection click in severe pulmonic valve 
stenosis found an explanation. P.W. had been un- 
able to understand why grade 3 pulmonic valve 
stenosis typically showed a grade 4 ejection click, 
whereas grade 4 stenosis usually had no click 
whatsoever. Even more puzzling, in some patients 
the click was grade 4 on expiration, and grade 0 


(absent) on inspiration. One day, while examin- 
ing a pulmonary angiogram in a patient with se- 
vere pulmonic stenosis, P.W. noted that the pul- 
menic valve dome was elevated before right ven- 
tricular systole began. At this time, as I recall the 
series of events, Jane Sommerville had suggested 
the possibility that the click in severe pulmonic 
stenosis could be abolished if the pressure gen- 
erated by right atrial systole exceeded pulmonary 
arterial diastolic pressure, and I had observed that 
a peculiarly “clicky” presystolic sound in an 
elderly patient with very severe pulmonic stenosis 
and a colossal a wave sounded like a presystolic 
ejection click. Thus, all the pieces fell into place, 
and P.W. concluded that it was, in fact, presystolic 
elevation of the pulmonic valve dome that pre- 
vented the generation of an ejection click when 
valvular pulmonic stenosis was severe and right 
atrial pressure high. A paper documenting these 
findings was planned but, because of Wood’s un- 
timely death, never completed. 

Paul Wood was never afraid to be wrong. He 
committed himself in writing prior to each 
catheterization, predicting not only the diagnosis 
but the actual numbers; extent of shunting, pres- 
sures to be found, and the like. While this made it 
quite easy to catheterize his patients, it was a most 
trying experience to find him wrong. Thus, for 
example, if P.W. had said there was a large atrial 
septal defect with 3:1 shunt and the first reading 
of the right heart blood samples indicated a small 
shunt with little step-up in the right atrium, one 
did another sample run, most carefully taking sam- 
ples from the superior vena cava, up almost to the 
axilla, and from the inferior vena cava well be- 
low the diaphragm. If these confirmed the absence 
of a large shunt, then P.W. would reexamine the 
patient to find what had led him astray. But woe 
unto the poor Registrar who tried to tell P.W. he 
was wrong on the basis of an imperfect catheter 
study! 

For myself, this was the great clinical experi- 
ence of my life. I saw applied to clinical medicine 
the concepts derived from two generations of 
“basic research” ; I saw for the first time that bed- 
side cardiology could be a science as quantitative 
as any that I had seen in the research laboratory ; 
and I learned how this clinical discipline, forti- 
fied by the knowledge gained from laboratory re- 
search, could be used to the enormous advantage 
of the cardiac patient. But most important, I was 
privileged to have known this great man, to have 
experienced the patience and kindness with which 
he answered my many, many questions, and to 
have watched the intellectual probing of his honest, 
open and disciplined mind. 
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In mitral stenosis the obstruction to the circulation leads to a build-up of pressure in the left 
atrium which averages about 25 mm. Hg in uncomplicated cases with critical stenosis requiring 
valvotomy (orifice 10x 5 mm. or less). On effort the cardiac output increases and the left atrial 
pressure rises well above the osmotic pressure of the plasma, even up to 50 or 60 mm. Familiar 
consequences of this situation include hemoptysis, frank pulmonary cedema, and chronic interstitial 
cedema of the lungs. 

As a rule, the pulmonary artery pressure rises passively and maintains a more or less normal 
pulmonary arterio-venous pressure gradient of about 10 mm. (Fig. 1). The pulmonary vascular 
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Fic. 1.—Passive pulmonary hypertension occurring on exercise in a case of mitral stenosis. 
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resistance in these simple cases of passive pulmonary hypertension is 0-5 to 5 units (40-400 dynes 
sec..cm.~>). Ina relatively small but important group of cases, however, pulmonary hypertension 
is of a different order and bears little relationship to the left atrial pressure, being due to intense 
pulmonary vasoconstriction (active pulmonary hypertension) or to widespread obstructive or 
obliterative changes in the small pulmonary arteries and arterioles (obstructive or obliterative 
pulmonary hypertension). Thus, in our own series of 350 cases of mitral stenosis subjected to 
valvotomy, the pulmonary vascular resistance was high (6-10 units) in 15 per cent and extreme 
(10-30 units) in 14 per cent. The cases with an extreme resistance behaved differently from 
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Commentary by Malcolm K. Towers, MD, MRSP 


My own association with Dr. Paul Wood began in 
< January 1955. The first edition of Diseases of the 
Heart and Circulation had appeared in 1950. I 
‘found it inspiring and determined to work for him. 
Supported by my teacher, Dr. William Evans of 
the London Hospital, I was able to get a job as 
lecturer at the Institute of Cardiology at the 
second or third attempt. Over the years I was 
promoted to senior lecturer and then was given a 
consultant post at the Brompton Hospital, begin- 
ning in July 1962, with the intention that I should 
< work in the catheter laboratory there and continue 
my association with Wood. I think that any ap- 
preciation of his work ought to make reference to 
his book. Certainly he felt he had a great duty to 
keep it up to date, and he was working on the third 
edition when he died. If I remember correctly he 
- died on Friday July 15, and he was working at the 
-Brompton Hospital on the preceding Tuesday. I 
had cleared up a good deal of the routine work be- 
fore he arrived and he seemed very pleased and 
said, “At this rate I shall finish the book by Christ- 
mas.” 

Wood’s greatest gift to his junior staff was the 
instruction and inspiration he gave them. We re- 
: member his Tuesday afternoon clinic at the Heart 
C Hospital. He arrived about 2:30 PM usually com- 
- plaining about the traffic or the difficulty in park- 
ing and having done a round at the Brompton 
Hospital that morning. The new patients (often 
twelve or fifteen of them) would have had their 
histories taken and been examined by one of his 
two senior assistants. The X-ray films and electro- 
cardiograms were done. When Wood arrived the 
assistants would present their cases in turn. He 
would check the history and always check the 
: physical signs carefully himself. Anything which 
could not be directly quantitated (like the blood 
pressure, the pulse rate and the venous pressure) 
was graded 1 to 4 according to whether it was 
mild, moderate, considerable or gross. Similarly 
the heart sounds and murmurs were graded 1 to 4 
for intensity and, in the case of diastolic murmurs, 

duration. With practice I found that I could write 
the grade down before he arrived and rarely had 
to alter a single grade in the afternoon. There were 
always many students, and he found time to ask 
them searching questions about the patient. The 
diagnosis was made from the history and the 
physical signs, and we would predict what the 
X-ray films and electrocardiogram ought to show. 
If they did not match, then every item in the his- 
tory and physical signs had to be checked. If the 


diagnosis was still in doubt, then the points for 
and against the various diagnostic possibilities 
wauld be written down and considered. Wood us- 
ually left the clinic and his exhausted assistants 
between 5 and 6 PM and went off to see still more 
patients. He would get home between 8 and 9 in 
the evening and, having relaxed over a drink and 
hës dinner, would start work on the book until the 
early hours of the morning. The next day his ob- 
servations on the clinic patients were carefully re- 
carded on indexed cards, and it was from these 
cards that he could make the statement in his 
book, “in a series of 400 cases analysed by the 
aarthor. ...” It is true that the clinical observations 
were often supported by special techniques such 
as phonocardiography and cardiac catheterization, 
tut in the main they were clinical observations. 
The heritage which Paul Wood gave to his disciples 
was the technique of history taking and physical 
examination, the integration of this evidence with 
radiography, electrocardiography and other spe- 
cial techniques and the logical assessment of the 
whole situation. His pupils not only were able to 
deal with current problems but had been given 
«he equipment to solve cardiological problems 
which could arise in the future. 

From time to time there were Clinico-Patho- 
logical Conferences at the National Heart Hos- 
pital which were attended by distinguished visi- 
tors both from this country and overseas. Almost 
always Paul Wood dominated these meetings. He 
seemed to be able to assimilate the information 
more quickly and to put it into a logical pattern. 
Tndeed at this distance in time it is hard to appre- 
eiate the extent of his dominance in cardiology in 
this country and in bedside cardiology throughout 
the world. 

He would never tolerate careless work or care- 
less thinking. If one made a foolish statement he 
would pursue it to its logical conclusion and reduce 
it to absurdity. Some found this method of learn- 
ing too traumatic, but there was never any per- 
sonal malice in it. Although he would become 
heated in argument, some believed that he was not 
a particularly warm or emotional person. T do not 
myself think that this was true although I think 
it was a side of himself which he liked to keep 
hidden and usually did. 

Acetylcholine and pulmonary vascular resis- 
tance: His work on the effect of acetylcholine on 
pulmonary vascular resistance in mitral stenosis 
might seem a little academic, but it had great clini- 
cal relevance. Paul Wood was much interested in 


patients with mitral valve disease who had a high 
_ pulmonary vascular resistance and often spoke of 
the difficulty of diagnosing mitral stenosis in this 
situation and how easily the diagnosis might be 
Missed. There was considerable argument whether 


mitral valvotomy might be justified in such pa- 


_ tients because it was thought that the rise in pul- 


- — monary vascular resistance might not be reversi- 


ble. Wood demonstrated that the resistance was 
-less fixed than had been supposed and as surgery 
has progressed to open valvotomy and valve re- 


placements using inverted aortic homograft, it 


has been confirmed that substantial falls in the 


E pulmonary vascular resistance can occur even 


-when the resistance has been very high. His ar- 
ticles on the Eisenmenger syndrome based upon 
lectures to the Royal College of Physicians were a 
remarkable achievement. Even the collection of 
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so many cases was a considerable feat. I well r 
member how excited he was as he realized ‘the 
the Eisenmenger syndrome occurred only wit 
large communications in the case of ventricula. 
septal defect and patent ductus arteriosus. I als 
remember, as he went through his figures, hos 
fascinated he was to discover that the Einsen 
ménger syndrome in atrial septal defect did no 
appear in children but mainly in women in middle 
life. He was later able to link this with observa- 
tions on the way in which the pulmonary vascular. 
resistance normally fell after birth. So complete 
and comprehensive were his observations in 1958 
that comparatively. little new information has 
emerged since. His work was based on matchless. 
and painstaking clinical observation, a sound 
knowledge of physiology in health and disease 
and an endlessly enquiring and agile mind. 








Commentary by Malcolm B. Mcllroy, MD, FRCP 


It might be thought that my position as the last 
cor “senior” author was that of guiding or direct- 
‘ing the team of four responsible for this paper on 
acetylcholine. Nothing could be further from the 
fact, for it was Paul Wood who conceived the 
studies, carried out the work, analyzed the trac- 
ings, prepared and lettered the illustrations, wrote 
the paper, submitted it to the British Heart Jour- 
nal, coped with the Editor’s comments and. cor- 
rected the proofs. The three co-authors were his 
first assistants (senior residents) at the Institute 
“of Cardiology associated with the National Heart 
‘Hospital in London during the middle 1950’s. They 
appeared as co-authors, not in alphabetical order, 
but in chronological order of their appointment. 
It came somewhat as a surprise to me to find my 
name included, since my part in the studies was 
-.so small. Perhaps the other two played a more di- 
~yect role, for at the time of my appointment the 
studies were more than three quarters completed. 
The co-authors assisted at the studies, more or 
Jess in the French sense—‘assister” meaning to be 
present. Our primary responsibility was to find 
„suitable patients at the rate of one per week and 
to make ourselves generally useful in the cardiac 
-catheterization laboratory: filling sampling 
syringes with mineral oil, working the fluoroscope, 
flushing catheters with saline, collecting blood 
` samples and transferring them to sample bottles 
under oil. Paul Wood personally carried out vir- 
tually all the procedure, from the initial dissection 
of the vein and insertion of the catheters and 
` introduction of the arterial needles to the final 
skin closures. 

The protocol for the studies, while perhaps 
~geeming simple today, was sufficiently complex to 
represent something of a “tour de force” m a 
‘British cardiac catheterization laboratory in the 
middle 1950’s. A double lumen catheter was in- 
serted in the right arm and a single lumen in the 
left. The proximal lumen of the right arm catheter 
was for the injection of acetylcholine into the 
main pulmonary artery. The distal lumen was used 


to record pulmonary arterial pressure and the 


single lumen was for wedge pressure measure- 
ments. There was some doubt at this time how long 
a catheter could be left wedged without producing 
pulmonary infarction, and wedging and unwedg- 
ing the single lumen catheter was sometimes 
troublesome. Bilateral percutaneous brachial or 
brachial and femoral arterial punctures with a 
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Riley needle also presented a problem, especially 
when done while wearing the red goggles used to 
prevent loss of dark adaptation. 

The studies were not always complete, and of 
the nine patients presented in the paper only 
four had all the appropriate measurements re- 
corded. One of the first assistants made up the 
acetylcholine after the catheters were in position 
and the routine cardiac catheterization had been 
completed. The drug had a reputation for insta- 
bility and was said to become inactivated by. ex- 
posure to the slightest trace of blood. It came as a 
white powder in an ampoule labeled “unsuitable 
for intravenous injection” and was treated with 
great respect. A second ampoule was used if the 
first appeared to have had no effect. 

Pulmonary hypertension and mitral stenosis: 
Rereading the paper ten years later one is struck 
by its unusual and unconventional form. It repre- 
sents perhaps the clearest example of an analytical 
report of an experimental study undertaken. by 
Paul Wood. Most of the papers he wrote were 
clinically descriptive accounts of what he observed 
in his practice. The title of this paper implies a 
wholly laboratory study and makes no mention 
of the clinical aspects which constitute approxi- 
mately half the paper. Two different clinical pat- 
terns in patients with mitral stenosis are con- 
trasted, (1) active, “protective,” and (2). passive, 
congestive, pulmonary hypertension. The paper is 
written in the authoritarian “textbook” style so 
characteristic of Paul Wood and puts forward the 
hypothesis that “functional pulmonary vasocon- 
striction plays an important part in initiating and 
maintaining the high (pulmonary) resistance.” 
Clinical evidence is presented in the form of graphs 
reprinted from Wood’s 1954 article “An Apprecia- 
tion of Mitral Stenosis.” It might be thought that 
the concept of active versus passive pulmonary 
hypertension had been previously presented in 
1954, but this is not the case. The actylcholine 
article was thus the first to propound the theory 
of “protective” pulmonary hypertension. Apart 
from the title, the word acetylcholine does not 
appear until the fourth page of the eight-page 
paper, and the acetylcholine experiments are pre- 
sented as evidence in support of a hypothesis 
derived from clinical observation. The subject is 
first mentioned as follows: “It was believed that 
acetylcholine might fulfill these criteria [selective 
pulmonary vasodilator] if injected directly into 
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the pulmonary artery in a dose large enough to 
dilate the small pulmonary arteries and arterioles, 
yet small enough to be inactivated by the time it 
reached the systemic circulation.” 

This paper on acetylcholine appeared in the 
British Heart Journal immediately after another 
< paper on the same subject, “Influenced of Ace- 
tylcholine on the Pulmonary Artery Pressure” 
with P. Harris as sole author.2 Harris had com- 
pleted a thesis for the PhD degree in the Univer- 
sity of London in 1955 on this subject and had 
also published an article in the British Heart Jour- 
nal in 1955, in which he had referred to the use 
of acetylcholine as a pulmonary vasodilator. Wood 
made no mention of Harris’ work either in 1957 
or in a second paper on pulmonary hypertension 
published in the British Heart Journal in 1958.4 
There was, in fact, an appreciable literature on 
the pharmacology of acetylcholine in animals and 
= man dating back to the work of Hunt® in 1917. 

` The human studies of Ellis and Weiss® in 1982 and 
Carmichael and Fraser? in 1983 had reported its 
administration both intravenously and intraar- 
terially in man. 

Harris’ work clearly antedated Wood’s, and 
his paper dealt with the effects of acetylcholine 
on the pulmonary arterial and wedge pressures in 
47 patients with different varieties of heart dis- 
ease. Wood’s acetylcholine paper amply confirmed 
Harris’ findings. The most impressive results were 
those in EW (Case 9), a 48 year old woman, whose 
tracings appear as Fig. 10. After she was studied 
in May 1956, no further patients were added to 
the series. She was also included in a paper on 
pulmonary function in pulmonary hypertension,® 
and the tracing in Fig. 10. reappeared in Wood’s 
subsequent paper on pulmonary hypertension.‘ 

Pulmonary hypertension in congenital heart dis- 
` ease (Eisenmenger syndrome): Paul Wood con- 
tinued to be interested in attempts to reverse pul- 
monary hypertension, especially in patients with 
congenital heart disease. The results are given in 


his second paper on pulmonary hypertension# and 
in his article on the Eisenmenger syndrome.’ My | 
part in these subsequent studies was greater than: 
in the paper which bore my name, as evidenced by _ 
the number of illustrations which included oxi- S 
metric tracings. The greatest success Wood ever o 
had in reversing pulmonary hypertension in conso 
genital heart disease was in a 3 year old child with S 
an aortopulmonary communication and peripheral | 
pulmonary arterial stenosis. ae 

Tracings from this catheterization appear in 


two of Wood’s articles.*” They show a clear reduc. 


tion in distal pulmonary arterial pressure after an a 
acetylcholine injection. In discussing the results 
Wood said, “It is true that the child was also the a 
youngest in the series investigated, being only 3 X 


years old, but that does not alter the conclusion. 


that vessels, which are protected from extreme. : 
pulmonary hypertension or which have not had 
time to develop serious internal fibrosis secondary 
to the hypertension, respond briskly to acetyl- z 
choline. This disposes of the idea that there is any- 
thing fundamentally wrong with the pulmonary | 
vessels at birth in the Eisenmenger Syndrome,» 

Perhaps the most controversial aspect of all 
Paul Wood’s work on pulmonary hypertension was 
his use of the word “protective.” By it he meant 
that, if pulmonary vasoconstriction was not pres- 
ent, the wedge pressure would be higher and dys- © 


pnea or pulmonary edema would be more likely to . 


develop. “Protective” is a word which implies tele. 
ology, and it is interesting that the final paragraph | 
of the paper reads as follows: “It is concluded that = 
in mitral stenosis the high pulmonary vascular re- 


sistance is at least partly functional, and is pro- 


tective in the sense defined. Whether the reaction 
is purposeful or accidental is irrelevant to the 
thesis.” One can speculate that this last sentence 
may have been added to placate an editorial re- 
viewer who thought, as many scientists do, that. 
teleology is like a mistress to whom many turn for. | 
inspiration and solace, but whose existence must... | 
never be hinted at in respectable circles. 
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[Wir SpeciaL PLATE] 


Nomenclature 


Eponymous titles are no longer in fashion, because they 
frequently lend themselves to controversy over historical 
precedence, invite criticism on the grounds of descriptive 
inaccuracy, and can usually be replaced with advantage 
by a scientific name which simultaneously identifies, 
defines, and classifies the disease in question. The term 
“ Bisenmenger’s syndrome,” as used in these lectures, 
therefore requires some explanation, especially since 
the Editor of the British Heart Journal stated recently 
that it has “outlived [its] usefulness and should no 
longer be used in clinical medicine” (Brotmacher and 
Campbell, 1958). 

An eponymous title may be justified, however, when 
it has been introduced by someone singularly entitled 
to do so (Abbott and Dawson, 1924), when it has 
become familiar by customary use on an international 
scale over a period of 34 years, when the aetiology and 
precise mechanism of the syndrome are still controver- 
sial, and when there is no convenient alternative title 
likely to stand the test of time. Nothing is gained by 
changing customary nomenclature prematurely. To 
dispense with the term altogether, and to regard the 
Eisenmenger complex simply as a variety of ventricular 
septal defect, is to deny the very essence of the syn- 
drome, for, as will become clear later, its distinguishing 
feature lies not in the anatomy of the defect, but in the 
behaviour of the pulmonary circulation. 

It may help at this early stage to state precisely what 
Eisenmenger described. 

Dr. Victor Eisenmenger published his paper on 
“ congenital defects of the ventricular septum ” in 1897. 
He described in detail a typical example of the condi- 
tion that has since become known as Eisenmenger’s 
complex, His patient was a powerfully built man of 
32 who gave a history of cyanosis and moderate breath- 
lessness since infancy. The cyanosis increased consider- 
ably on effort. He managed well enough, however, and 
was able to lead an active life until January, 1894, when 
dyspnoea increased and oedema set in. Seven months 
later (August) he was admitted to hospital in a state of 
heart failure. 

Examination revealed marked cyanosis, clubbing of 
the fingers and toes, thickening of the distal joints, and 


*The Croonian Lectures delivered before the Royal Coll f 
Physicians of London on May 13, 1958. = sree 


polycythaemia. The venous pressure was raised, the 
liver distended, and oedema extensive. The right side 
of the heart was obviously enlarged, and there was a 
loud systolic murmur, accompanied by a thrill, maxi- 
mal in the third and fourth left intercostal spaces near 
the sternal edge. The murmur was not conducted at 
all well to either the aortic or the pulmonary areas, and 
would have been regarded as tricuspid had it not been 
for the lack of a giant v wave in the jugular pulse. The 
pulmonary second sound was not impressive, but a basal 
diastolic murmur, presumably from pulmonary incom- 
petence, developed later. He improved with rest and 
digitalis, but collapsed and died more or less suddenly 
on November 13 following a large haemoptysis. 

The clinical diagnosis of ventricular septal defect was 
based on the systolic murmur and thrill in the third and 
fourth left interspaces. The haemoptysis was attributed 
to pulmonary infarction. 

Both were confirmed at necropsy. The defect was 
round and situated in`the membranous septum; it 
measured 2 to 2.5 cm. in diameter, and was placed in 
such a way that the lumen of the aortic orifice fell half 
over the left ventricular outfiow tract and half over the 
right. Both aortic and pulmonary valves appeared to 
be competent. The left ventricle measured 8 to 10 mm. 
in thickness, the right 10 mm. The latter was much 
dilated and obviously the bigger chamber. The tricuspid 
ring was very widely stretched. There was consider- 
able atherosclerosis of the pulmonary artery and its 
branches, but none in the aorta. In the left upper 
and right lower lobes of the lungs there was exten- 
sive haemorrhagic infarction secondary to multiple 
thrombosis. 

Eisenmenger interpreted the situation as follows: in 
ventricular septal defect (he wrote) the difference in 
pressure between the left and right ventricles ensured a 
left-to-right shunt ; the pulmonary circulation was there- 
fore overfilled, the systemic circulation underfilled ; 
increased stiffness of the lungs hindered ventilation and 
congestion hampered gaseous exchange; cyanosis de- 
pended more, however, on the poor systemic circulation 
—that is, it was peripheral rather than central. He dis- 
cussed the “riding aorta” at considerable length and 
concluded that this was caused neither by a congenital 
fault of rotation nor by the direction of blood flow 
through the defect, but that it was a more or less 
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Commentary by Reginald E. B. Hudson, MD, FRC Path, B Pharm, FPS 


<; Soon after I was appointed in 1948 to establish a 
“new pathology department for the National Heart 
Hospital and Institute of Cardiology, I did one 
of my most important necropsies. The patient was 
a woman of 40 years; she was fourth in a family 
of thirteen children and had been cyanotic from 
birth and considerably disabled since childhood. 
She came under the care of Dr. Maurice Campbell 
at thirty-two years; she had central cyanosis with 
clubbing of the fingers and toes. Later, she had 
several hemoptyses and became more breathless. 
The pulmonary trunk and main arteries were en- 
larged and there was_a thrill and loud diastolic 
murmur in the third left intercostal space, and the 
pulmonary second sound was increased and widely 
split. Cardiac catheterization done by Paul Wood 
and his team confirmed the pulmonary hyperten- 
sion, but because angiography showed early opaci- 
fication of the aorta, a diagnosis of Hisenmenger’s 
complex was made. The patient died soon after- 
` wards and from the urgent enquiries I received 
from Maurice Campbell, Paul Wood and their 
junior colleagues, I realized that there was some- 
thing very special about this case and I proceeded 
therefore with appropriate caution, no doubt 
exasperating to my eager audience. To my dismay, 
I found no septal defect; this prompted Paul Wood 
to remark that I had better look again because 
my future depended on my finding a shunt some- 
where, so I pursued my somewhat laboured dis- 
section the next day and eventually, to my relief, 
displayed a persistent tubular ductus arteriosus 
1.5 cm. in diameter, a valvar foramen ovale with 
an orifice 4 mm in diameter, right ventricular 
hypertrophy and atheroma of the pulmonary 
trunk. There was, however, no “inpingement 
plaque” in the aorta opposite the ductus opening — 
a valuable sign of shunt reversal in persistent 
ductus arteriosus. Lung histology showed ad- 
vanced pulmonary arterial hypertension exactly 
like that of Eisenmenger’s complex or of primary 
pulmonary hypertension—namely, medial hyper- 
trophy and intimal proliferation, thrombosis and 
recanalization of medium lung arteries, together 
with angiomatoid and glomera-like vascular for- 
mations adjacent to obstructed vessels—the hall- 
mark of pulmonary hypertension in its severest 
form. 

Maurice Campbell was anxious for the case to 
be reported and this stimulated me to construct 
apparatus for macro- and microphotography 
which served my department for several years. 





The paper appeared in due course! and became 
much quoted. As if to reinforce this lesson in 
misdiagnosis, I did a necropsy in 1951 on another 
patient of Maurice Campbell’s, a woman of 39. 
years dying of congestive heart failure and evi- 
dence of pulmonary hypertension, but no mur- 
murs; again, I found a persistant ductus arterio- 
sus, valvar foramen ovale and histological proof 
of advanced pulmonary arterial hypertension. The 
clinical diagnosis this time was atrial septal de- 





fect. Reviewing the findings later, Campbell was 


intrigued to discover that a continuous Gibson 


murmur had been heard when the woman was 29 
years old—so this prompted our second paper on __ 


the syndrome.” 

Unifying concept of Eisenmenger syndrome: 
The findings of these two studies made a great. 
impression on Paul Wood who was trying at that 
time to gather data, with the help of Dr. James 
Lowe, and later, Dr. H. Gilmour, in support of a” 
unifying concept of “Eisenmenger’s syndrome.” 
This was to form the subject of his brilliant Cro- 
onian Lectures on May 13 and 15th 1958 at the old 
Royal College of Physicians in the Mall. I recall 
the crowded, enthusiastic scene vividly, as the 
dignified be-gowned procession escorted Paul Wood 
to the rostrum, to entrance his audience with a 
masterly analysis of 127 examples of the syndrome. 
He paid full tribute to Eisenmenger and explained. 
how modern thought allowed the simple descrip- 
tion “pulmonary hypertension with reversed or 
bidirectional shunt” to be applied to numerous. 
different anatomical anomalies besides ventricu- 
lar septal defect, presenting with physiology so 
remarkably similar that “the frequency with 
which necropsies disclose an anatomical diagnosis 


different from what was expected is as embar- 


rassing as it is educational” ; even full study with 
every modern technique then available might fail 
to identify with certainty the site of the shunt, 
whether atrial septal (with or without anomalous 
pulmonary veins), ventricular septal defect, per- 
sistent ductus arteriosus, aortopulmonary window, 
transposition (simple or corrected) with ventricu- 
lar septal defect, or truncus arteriosus. 

The central theme of the work was the cause of 
the pulmonary hypertension (the Eisenmenger 


reaction) and its differing incidence according to- 


the size and site of the shunt, being 100 percent 
of those with truncus, single ventricle or corrected - 
transposition, over 50 percent of those with large 
aortopulmonary (over 0.7 em) or interventricular 
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(over 1.5 cm) defects, but only 9 percent of those 
with large interatrial septal defects (over 3 em); 
moreover, the reaction nearly always dated from 
‘birth with the first three conditions but was ac- 
quired with atrial septal defect. 

Pathophysiology of Eisenmenger reaction: 
‘The key to the pathophysiology was the behavior 
and structure of the pulmonary circulation in the 

fetus, newborn and early months of life; these had 
‘been described by several workers, notably by 
-Civin and Edwards? and by Heath’. Paul Wood 
was anxious to illustrate this in his lecture and 
asked me to help. I contacted the late Dr. Martin 
- Bodian at Great Ormond Street Hospital for Sick 
Children, who kindly provided me with normal 
“Jung sections from a fetus, a newborn and babies 
_ of 3 and 6 months; from these I was able to make 
: illustrations of the remarkable involution of the 
thick muscular arteries toward the thin-walled 
arteries at three months; my own necropsy ma- 
terial provided pictures of the normal, gradual 
involution of the elastic tissue of the pulmonary 
trunk from its “aortic” configuration before and 
at birth, to its sparse and broken appearance in 
-the adult. Paul Wood postulated that at birth, the 
- first breath infurled the lung vessels and lowered 
pulmonary vascular resistance precipitously to- 
- ‘wards systemic levels. The subsequent fall of pres- 
< sure depended upon relaxation of vasomotor tone, 
emoval of a hyperkinetic factor by closure of 
he ductus, and the gradual involution of the 


muscular pulmonary arteries. With large aorto- 
pulmonary or interventricular shunts, the large 
hyperkinetic factor prevented this involution and 
so pulmonary hypertension was perpetuated lead- 
ing eventually to secondary permanent structural 
changes. With large interatrial septal defects, 
however, pulmonary vascular resistance fell al- 
most to normal before there was a notable shunt 
so that very large shunts would be tolerated be- 
fore much rise of pressure occurred; pulmonary 
hypertension was therefore both uncommon and 
late. 

Paul Wood noted the beneficial effects of pul- 
monary stenosis in protecting the lungs from 
obliterative vascular lesions and commended the 
operation of constrictive “banding” of the pul- 
monary trunk, This procedure has been widely ap- 
plied with success. 

The term “Eisenmenger’s syndrome” soon be- 
came common cardiological terminology, but as 
Paul Wood noted, not without protest from dis- 
tinguished colleagues such as Maurice Campbell. 
However, Campbell told me recently that he had 
relented and now accepted and even used the 
eponym himself. ne 

Even with the lapse of 13. years, it is almost 
impossible to add to the superb clinical presenta- 
tion and brilliant deductive reasoning in these 
Lectures. They remain a classic of medical writing. 
and a lasting tribute to a great cardiologist and 
revered colleague. po 
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a Commentary by Aubrey Leatham, MD 


Paul Wood was probably the first to appreciate 
_ that central cyanosis in the presence of an intra- 
-~ Cardiac communication indicated that the pul- 
ary vascular resistance was at, or above, sys- 
ie level, and that changes in the pulmonary 


i vascular system were irreversible. This firm 


opinion was based on the natural history of the 
disease and the even worse prognosis of primary 
_ pulmonary hypertension to which such patients 
would be transferred if the intracardiac communi- 
-cation were to be closed, In subsequent years less 
_clear-thinking physicians and surgeons have 
closed defects under these circumstances and 
proved his reasoning correct. These circum- 
stances, and the difficulty of deciding the site of 
an intracardiac right to left shunt, led him to 
group the atrial, ventricular and aortopulmonary 


_ shunts all together as the Eisenmenger syndrome. — 


~ This grouping is sometimes challenged, but has 


stood the test of time particularly for practicing 


| clinical cardiologists. 
< Despite his important message that differentia- 
tion of atrial septal defect, ventricular septal de- 


_ fect and patent ductus arteriosus with high pul- 
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monary vascular resistance was relatively unim 
portant because they were hemodynamically simi. 
lar and the management was the same, Wood was 
the first to appreciate that the most important 
point in differentiation at the bedside was the — 
presence or absence of splitting of the second © 
heart sound. Splitting was abnormally wide in 
atrial septal defect, physiological in patent ductus [ 
arteriosus, and absent in ventricular septal defect 
Phonocardiography at the time did not entirely | 
confirm these expectations, but the course of time | 
has shown that the fault was in the diagnosis since 
it should be remembered that this was before the 
days of selective angiocardiography, and the tech- 
nique of indicator-dilution curves was in its <in- 
fancy. In fact, Wood’s statements on the second 
heart sound in Eisenmenger’s syndrome ha: 
proved to be correct.) - : 
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‘Commentary by Hywel Davies, DM, MRCP, FACC 


The Institute of Cardiology in the 1950’s was or- 
ganized on a somewhat feudal basis, where Wood 
was the Lord of the Manor and around him was 
an inner core of henchmen who strove mightily to 
“do his bidding and who rarely questioned either 
his authority or veracity. Outside them were the 
serfs, from various parts of the world. Little time 
or energy was devoted to concepts of democratic 
organization and decision by consensus. Junior 
‘staff were there to be seen rather than heard, and 
no homage was paid to the idea that young doctors 
learn by making mistakes. I recall running a 
. middle-aged patient up several flights of stairs 
and proudly showing Wood the steep T wave 
inversion that resulted, which had enabled us to 
“eonfirm the diagnosis of coronary disease. Before 
a class of about fifteen postgraduate doctors from 
all over the world, he administered a severe 
-dressing-down in a military style to which I was 
not entirely unaccustomed. He then turned his 
back on the class and gave me an equally big wink, 
then went on to discuss the next case. I certainly 
learned, and I think the class did too. This authori- 
` tarianism, however, stemmed largely from limita- 
tion of time and the need for efficiency, and if 
> (but only if) the juniors had anything to say and 
-gaid it well, Wood’s attention to them was total. 
A considerable polarity existed at the Institute 
of Cardiology in those days, represented by the 
dynamic, aggressive, investigation-oriented Wood 
at the one extreme, and the conservative, philo- 
sophic William Evans at the other. Though gentle 
and courteous in demeanor, Evans was (and hap- 
pily remains) firm in his opinions, and in two 
-areas placed himself diametrically opposite to 

Wood. One was in the field of anticoagulants (“I do 
<o not give rat poison to my patients”), where Wood 
wanted to set up hundreds of clinics for the anti- 
coagulant prophylaxis and therapy of. coronary 
= disease. In 1960 the paper of McMichael and 
Parry! appeared, suggesting that the advantage 
from anticoagulants was perhaps far less than 
Wood and others supposed. In the King’s Head at 
lunchtime I mentioned this to Wood, suggesting 
as tactfully as I could that perhaps Evans was 
right after all; having expressed his firm disfavor 
of Evans’ views, he then said, “But there is a 
kernel of gold in all of his wrong ideas.” This was 
really the stuff on which the postgraduates had to 
chew, and those that were capable of judgment 


undoubtedly were the better for it. Time has 
shown Wood to be less than right about anticoagu- 
lants, but the truth is rarely monophasic and it 
is likely that in those days, as now, we were argu- 
ing about the wrong question. We should probably 
be asking, “How do we select the patients with 
coronary disease for whom anticoagulants are 
good?” rather than, “Are anticoagulants good 
for coronary disease?” 

Genesis of pulmonary hypertension and pulmo- 
nary vascular changes: The other area in which 
the views of Wood and Evans were almost totally 
divergent was in the genesis of pulmonary hyper- 
tension. Evans? taught that irrespective of the 
“cause” (whether this be mitral stenosis, ven- 
tricular septal defect, atrial septal defect or an- 
other lesion) the patients who had pulmonary hy- 
pertension suffered from a congenital weakness 
of the media of the smaller pulmonary arteries 
which led to atrophy of the media and subsequent 
proliferation of the intima in that region, Evans’ 
views have gained a little support from such ob- 
servations as the sporadic occurrence of primary 
pulmonary hypertension in families, but Wood 
was of the opinion (which has been followed: by 
most workers then and since) that pulmonary hy- 
pertension in the large ventricular septal defect, 
for instance, is the result of the presence of the 
defect. 

Wood’s two papers on the Eisenmenger syn- 
drome’ are classics by any standard, and little has 
changed since then in our understanding of it. The 
nomenclature has not been uniformly accepted in 
the United States, largely because of some feeling 
of impropriety in the act of taking an eponym of 
considerable longevity and altering its meaning. 
Victor Eisenmenger* described in 1897 a single 
case of a 32 year old man with ventricular septal 
defect and cyanosis who died with congestive 
heart failure and pulmonary infarction. The term 
“Eisenmenger complex” for the next sixty years 
had the sanctity of usage, and the appending of 
the words “syndrome” and “reaction” has not 
been without opposition. Wood could be as purist 
about definitions as anyone, but in this case went 
to considerable pains to justify the change in 
usage, as is evident to the reader of his articles. 

What Wood did, in essence, was to convey the 
message that it was the pulmonary vascular dis- 
ease rather than the anatomic level of the sys- 
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temic-pulmonary communication that determined 
the natural history, and this contention has re- 
mained unchallenged. The views expressed by 
him about the genesis of the pulmonary vascular 
changes (based on the work of Civin, Edwards 
and Heath“) have likewise been found acceptable. 
Pulmonary hypertension at systemic level is ob- 
ligatory in the patient with a large ventricular 
septal defect or patent ductus arteriosus, and 
there is no mystery about its genesis. What re- 
mains ill-understood is the fact that severe pul- 
monary vascular disease develops in some patients 
but does not develop in others with the same type 
of ventricular septal defect or ‘patent ductus ar- 
teriosus. This is a basic issue which was realized 
by Wood, and there have been few pointers to- 
wards its solution since his day. 

James (1961),7 returning to the earlier con- 
cepts of Bredt® and Gilmour and Evans? that 
there is a degenerative arteriopathy in primary 
pulmonary hypertension, found evidence of such a 
process in both pulmonary and systemic arteries. 
The relevance of these observations to the Eisen- 
menger state is evident, but they have received lit- 
tle support. 

Reactivity of pulmonary vascular bed: Con- 
cepts of “reactivity” of the pulmonary vascular 
bed have been developed since Wood’s day; though 
they were well-known to him from the work car- 
ried out by him"? and Harris," his successor at 
the Institute. If spasm is indeed important, the 
variability in pulmonary vascular reactivity be- 
tween patient and patient may indeed be germane 
to the development of pulmonary vascular disease. 
Differences in platelet function are under study 
in an attempt to determine if they are involved 
in the intimal changes of severe pulmonary vascu- 
lar disease, and this approach may well be re- 
warding eventually. As regards the earliest age 
of development of severe pulmonary vascular 
changes which characterize the Eisenmenger state, 
some evidence seems to suggest that these are 
not present at birth and are unusual before the 
age of two years. If true, this is an important con- 
cept in relation to the need for early operation in 
patients with a large ventricular septal defect. 
On the other hand, as Wood himself was aware, 
there are adolescent and adult patients with the 
Eisenmenger syndrome who (on the basis of close 
questioning of the parents) showed no evidence 
of a left to right shunt in the first year of life, as 
judged by normal development without any of the 
accompaniments of such a shunt (murmur, infec- 
tions, heart failure or chest deformity) .12 It re- 
mains very possible that a balanced circulation 
could exist from birth in those infants whose pul- 
monary vascular resistance remains in the Eisen- 
menger range, and that the only clinical evidence 
(a loud pulmonic component of the second heart 






sound) would be missed. It remains necessary at 
present, therefore, to challenge the concept that. 
all “Eisenmengers” have had a high pulmonary 
flow at some time, There is undoubtedly a number 
of patients with the Eisenmenger syndrome (usu- 
ally ventricular septal defect or patent ductus ar- 
teriosus) in whom there is little or no evidence of. 
enlarged pulmonary arteries, as pointed out re- 

cently again by Anderson et al.13 These would also a 
appear to be the patients without chest deformity, 
and have probably had “Eisenmenger” hemody- 
namics from birth, 7 

Pulmonary artery banding: Finally, some | 
changes have occurred since Wood’s day in our. 
concepts of the place of pulmonary artery band 
ing in the management of the Eisenmenger syn- 
drome. It has been proposed that even when the a 
hemodynamic characteristics of the Eisenmenger _ 
state are present in children, banding of the pul. 
monary artery can lead to regression of the vaseu- 
lar changes and make the patient amenable to 
total repair. This, of course, changes the indica 
tions for banding the pulmonary artery, which: 
have otherwise been for reasons of diminishing | 
flow in children with hyperkinetic pulmonary — 
hypertension. 

Eisenmenger syndrome and high altitude: Re- 
cently there have been suggestions" that there are- 
infants with the Eisenmenger syndrome (as de- 
fined by the presence of systemic pressures in the A 
pulmonary artery, reversal of shunting, anda cal- 
culated pulmonary vascular resistance well in ex- i 
cess of Wood’s limits) who retain reactivity of the Q 
pulmonary vascular bed and are suitable for de- : 
finitive surgery. This is an important group ofo 
cases, but probably a special one in the light of a 
consideration that the infants were studied at hee 
Denver (elevation 5,280 feet) under conditions 2 
of sedation. Hypoxia and the lowered ambient ~ 
PO, at altitude can certainly abolish the left to 
right shunt of a patient with hyperkinetic pul- 
monary hypertension and a reactive pulmonary © 
vascular bed. Wood was aware of this, for he 
taught about one such patient who had been found 
to have the Eisenmenger complex when studied in 
Johannesburg (altitude 6,000 feet) but when later 
studied by him in London had a large left to right 
shunt. 

Paul Wood, the man: The main impression 
that one gained from meeting Wood was that one 
was in the presence of an extraordinary man, full 
of astonishing virtues but also of weaknesses that 
so often go with greatness, On leaving him, few 
of these impressions were changed and, in addi- 
tion, there was a firm conclusion that this must be 
a man who would have been great in any field. 
Listening to him cross-examine a patient and then 
discuss the case for or against a certain line of 
action gave one the strong feeling that he would 













“have made a very great advocate. Two qualities 
remain: clarity of thought and expression, an im- 
pression which is strongly evoked by reading the 
early chapters of his book and other writings, and 
perception. I once mentioned, in passing and al- 
‘most sotto voce, an incident from a rather obscure 
Welsh novel which was particularly appropriate 
to some events of that time, thinking that it would 
mean nothing to him and fully expecting it to 
be unnoticed except as an irrelevant pleasantry. 
He would not rest until I had explained to him 
the significance of the remark: ninety-nine of a 
hundred others would have let it go, and there 
‘seemed no reason to me why Wood pressed it— 
except that he had this knack for pursuing the 


relevant where others would not. The restless, 
nervous energy was certainly channeled purpose- 
fully, but eventually the pressure of responsibili- 
ties became too onerous. The measure of this, and 
of how extraordinary a man he was, may be 
judged from the quantity of original work that 
came from him at the same time that he was run- 
ning the Institute, a large private practice and 
his hospital work. I am not aware that he ever 
used statistics to prove any points, or had any 
time for the modern eult of requiring statistical 


jargon as a prerequisite to veracity. The power 


and elegance of analysis and synthesis are nowhere 
seen better in medicine, I believe, than in his 
papers on the Eisenmenger syndrome. 


References 


“1. McMichael J, Parry EHO: Prognosis and anticoagulant 
prophylaxis after coronary occlusion, Lancet 2:991-998, 
1960 
“2. Evans W, Short DS: Pulmonary hypertension in con- 
genital heart disease. Brit Med J 20:529-551, 1958 
3, Wocd P: The Eisenmenger syndrome, or pulmonary 
hypertension with reversed central shunt. Brit Med J 
2:701~709; 755-762, 1958 
0 4. Eisenmenger V: Die angeborenen Defecte der Kam- 
“> .merscheidewand des Herzen: Ztschr Klin Med 32 
oS  (suppl):1+28, 1897 l 
OS, Civin WH, Edwards JE: Pathology of the pulmonary 
vascular tree; a comiparison of the intrapulmonary ar- 
teries in the Eisenmenger complex and in stenosis of 
ostium infundibuli associated with biventricular origin 
os of the aorta. Circulation 2:545-552, 1950 
| °6. Heath D, Edwards JE:. The pathology of hypertensive 
Poa pulmonary vascular disease. A. description of six grades 
of structural changes in the pulmonary arteries with 
special reference to congenital cardiac septal defects. 
Circulation 18:533-547, 1958 
7. James TN: Degenerative arteriopathy with pulmonary 
hypertension: a revised concept of so-called primary 


pulmonary hypertension, Henry Ford Hosp Med: Bull 
9:271~311, 1961 

8. Bredt H: Die. primare Erkrankung der Lungenschlaga- 
der in ihren verschiedenen: Formen. Virchow Arch Path 
Anat 284:126-153, 1932 

9. Gilmour JR, Evans W: © Primary pulmonary hypertension. 
J Path Bact 58:687-697, 1946... 

10. Wood. P: Pulmonary: hypertension with special. refer- 
ence to the vasoconstrictive factor. Brit Heart J 20:557- 
570, 1958 nee , : 

11. Harris P: Influence of acetylcholine on the pulmonary 
arterial pressure. Brit Heart J 18:272-287, 1957 ©- 

12. Davies H, Williams J, Wood P: Lung stiffness in states 
of abnormal pulmonary blood flow and: pressure.. Brit 
Heart J 24:129-~-138, 1962 | : 


13. Anderson RE, Baltaxe HA, Amplatz K:  Eisenmenger's 
complex mimicking pulmonary stenosis. on: plain films. 
Radiology 98:381—384, 1971 

14. Vogel JHK; Hutcherson JD, Rosenkrantz JG, et al: Pul- 
monary artery banding for high vascular resistance. Ad- 
vances Cardiol 5:172~—185, 1970 

15, Brammell HL, Vogel JHK, Pryor R, et al: The Eisen- 
menger syndrome: a clinical and physiologic reappraisal. 
Amer J Cardiol 28:679-692, 1971 


Dr. Davies is Chief, Cardiology Section, Veterans Administration Hos- 


pital, Denver, Colorado. 


«ve fate 92 1079 Tha Amarican tsurnal of CARDIOLOGY VYetume 30 


The Myocardial Factor in Mitral Valve Disease 


THE MYOCARDIAL FACTOR IN MITRAL VALVE DISEASE 
BY 
H. A. FLEMING* AND PAUL WOOD 


From the Cardiac Department, Brompton Hospital, and the Institute of C. ardiology 
Received June 22, 1958 


Before the beneficial results of mitral valvotomy were established, it was customary to follow 
MacKenzie’s teaching and invoke myocardial weakness as the major factor in causing the heart to 
fail in its functions in the presence of mitral valve disease (Lewis, 1946). Baker er al. (1950), while 
allowing the possibility, emphasized the prime importance of the mechanical fault in the vast majority 
of cases. Subsequent experience of the progress of cases treated on this basis with great sympto- 
matic and hemodynamic improvement confirms the truth of this assertion. Many workers have 
published large series of such cases, Baker er al. (1952) and Wood (1954) making important reports 
from this country. 

However, a small percentage of cases continues to appear in which mechanical obstruction does 
not seem to be of sufficient degree to explain the symptoms, and these have been attributed to myo- 
cardial dysfunction (Wade et al., 1952; Harvey er al., 1955: Ferrer et al., 1955; and Soloff et al., 
1957). The physiological criteria on which such a diagnosis is based are explicit enough, but no 
well-defined clinical picture has emerged. The frequency of such cases is also uncertain. Harvey 
(1955) describes 8 examples among 60 cases of mitral valve disease studied, but in our experience the 
condition is not as common as this. 

The object of this communication is to draw a more faithful portrait of the syndrome in question, 
to offer a suggestion concerning its nature, and to encourage more rational and effective treatment. 


MATERIAL 


The present study is based on a review of 750 cases of mitral stenosis under the care of one of us 
(P.W.) at the Brompton Hospital and the National Heart Hospital during the past eight years. 
Only 24 cases with unquestionable myocardial dysfunction associated with unimportant valve 
disease could be found, an incidence of 3-2 per cent. In the majority the question of a myocardial 
factor being responsible for the symptoms was raised on completion of the history and physical 
examination: cardiac catheterization was carried out to test the truth of this conclusion. In a 
minority the myocardial factor was first invoked when physiological studies demonstrated the 
association of mild stenosis with a low cardiac output. 

Characteristically the cases had intermittent but incapacitating symptoms over a long period of 
‘ime and most of them had had objective evidence of heart failure without a raised pulmonary artery 
dressure. The symptoms included dyspnoea on effort, nocturnal dyspnea, orthopnea, fatigue, and 
inkle edema. Systemic embolism was frequent, and syncope occurred in three cases. Radiographs 
tt times showed interstitial pulmonary oedema and interlobular septal lines. In these cases the 
tuscultatory signs were those of pure stenosis of less than critical severity—a relatively quiet first 
‘eart sound, a late opening snap, anda short mitral diastolic murmur (Wood, 1956; and Wells, 1957). 
Iecasionally a third heart sound was noted at the apex. A mitral pansystolic murmur was heard in 
' cases (37%) but it was never loud and never accompanied by other clinical features suggesting 
erious mitral regurgitation. 

In an attempt to isolate a homogeneous group from which a distinct clinical syndrome might 
rystallize, all cases with possible complicating factors were excluded. Thus cases were rejected on 
* Present address :—Hallstrom Institute of Cardiology, Royal Prince Alfred Hospital, Sydney, N.S.W. 
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“Commentary by Hugh A. Fleming, MD, FRCP 


During the time that I worked at the Brompton 
Hospital with “P.W.,” the clinical work was 
greatly expanding due to Paul Wood's established 
international reputation and his excellent collabo- 
ration with Mr. R. C. Brock (now Lord Brock). 
We were, therefore, very much understaffed, and 
the battle of keeping up with the day to day clini- 
cal requirements and the investigations took all 
our time. However, it was during this period of 
time that P.W. was completing his paper on “An 
Appreciation of Mitral Stenosis” for the British 
Medical Journal in 1954,’ and subsequently his 
Croonian lectures on the Eisenmenger’s syndrome 
: published in the British Medical J ournal in 1958.? 
He was, therefore, at the full peak of his clinical 
experience and using his analytical methods to the 
utmost. 
The only paper we wrote together was “The 
Myocardial Factor in Mitral Valve Disease—an 
` Unusual Syndrome” published in the British Heart 
Journal. This paper is still referred to in certain 
texts, and I still feel that the type of patient de- 
scribed in it is occasionally seen. However, refer- 
ence to it was omitted from the third edition of 
| Wood’s book. If this omission was, in fact, correct, 
“this is indeed what P.W. would have wished. His 
own thoughts were constantly changing, and he 
was always prepared to cast off previous ideas. In 
fact, he did this so rapidly that frequently those 
who worked with him had difficulty in realizing 
what was happening. I well remember a postgrad- 
uate student who had read through and committed 
to memory much of the text shortly after the sec- 
ond edition of Wood’s book had appeared. On 
a ward round he challenged P.W. about a certain 
point and when he was corrected by “the Master,” 
he said with some indignation “but I quoted what 
you said in your book, Sir.” To this P.W. replied, 
without feeling the need for any further explana- 
tion, “Well it bloody well isn’t true.” That is how 
much respect he had for his own “authoritative” 
pronouncement, 

This fluidity of mind and of concept was some- 
times obscured by the apparent dogma and force 
with which he held his current ideas. Those who 
worked with him for a short time and then re- 
turned to their departments abroad often went off 
with these ideas fossilized, while he himself re- 
tained them for only a short period. It used to be 
jokingly said in London that one could tell which 
year a chap had worked with P.W. by the ideas 
that he continued to hold for a lifetime on certain 


well defined subjects. Nevertheless, he inspired 
several generations of young men to carry his car- 
diologic teaching into the far corners of the earth 
where they continued the same methods in their 
own departments. The inspiration of his teaching 
was quite remarkable and there are still many of 
us, and there will be for many years to come, who 
are happy to meet at international conferences and 
reminisce about how the great man worked. 

To return to our paper on “The Myocardial Fac- 
tor in Mitral Valve Disease.” Originally I wrote 
this myself. All those working around P.W. were 
so influenced by his own ideas and so stimulated by 
the questions that he posed that it was always im- 
possible to be sure whether an idea had really risen 
in one’s own mind or whether his stimulus had put 
it there. However, this paper I wrote and gave to 
P.W. for his opinion. He kept it for many months 
without comment. Then one sunny morning he 
came into the Brompton Hospital and remarked 
that I looked cheerful. I said I was as it was a nice 
sunny day and the birds were singing. He quietly 
slipped his hand into his portfclio and brought out 
my mutilated manuscript whieh he tossed on the 
table. He said, with a grin, “That will take the 
smile off your face.” The text which was typed by 
my own amateur fingers (a page of which is shown 
here) was absolutely unrecognizable because of 
the alterations in his meticulous small handwrit- 
ing. There was hardly a sentence and never a para- 
graph that had not been greatly changed. Many of 
these changes involved economy and accuracy in 
the use of words. He particularly referred me back 
to Fowler’s “The King’s English” and “Modern 
English Usage” to brush up my precision. This 
type of criticism was not just confined to others’ 
work. After several more rewritings and retyp- 
ings I felt it right to add P.W.’s name to the au- 
thorship as by now it was largely his paper. With 
each retyping his corrections and changes ap- 
peared constantly, though fortunately, with di- 
minishing frequency. Right until the time the pa- 
per was considered fit for submission to an editor 
he was continually criticizing both the ideas and 
their expression. This meticulous attention to de- 
tail permeated his entire work and was seen even 
in his case notes. 

In his day to day work he was quite oblivious to 
time, and it was always an effort to try and get 
him round the patients sufficiently quickly for them 
all to be seen. The patients very much wanted to be 
seen by him, but he was always prepared com- 
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-pletely to delegate clinical responsibility when he 
felt his staff were ready for it. However, he meant 
these responsibilities to be taken extremely seri- 
ously. I remember one occasion when we had had 
a difference of opinion about whether a patient 
should be operated on or not. After the operation 
it turned out that the point I had been making was 
a valid one. P.W. said to me, “What on earth did 
you let me do that for?” I protested that I had put 
up a counter argument, to which he replied, “Well, 
you just can’t have made the point strongly 
enough.” This may give the impression of an un- 
‘reasonable man, but nothing could be further from 
the truth. He was always reasonable, consistent 
and, when one became acclimatized to his method 
of working, he was really a very relaxing person 
_to work with. However, he could never tolerate 
incompetence. He would always forgive a mistake 
Gf it had been made once and honestly, but his 
memory was excellent and if he had to mention the 
same thing more than once his temper was very 
¿short indeed, 
He was not in the habit of giving thanks or con- 
- gratulations for work well done. He simply pre- 
sumed that this was how it would be done. On one 
occasion I thought I would tempt him into a little 
` praise for some rather nice angiograms. These had 
‘to be done by hand injection and the film changer 
“was home-made and hand-operated and extremely 
: unreliable. Thus, each good result was the cause 
for both relief and joy. This time as he looked at 
“the films I said, “Not bad films, Sir!” “Well, witha 
- child and plenty of contrast you could hardly go 
wrong, could you?” 

Likewise, he was reluctant to give direct sugges- 
tions of a subject for a paper or a thesis; he felt 
that there were enough ideas around and if you 
did not have the imagination and persistence to 
seize on one and work on it yourself, there was no 
point in leading you to it. 

He had a very pleasant approach to the patients, 
who liked him while they did not always under- 
- stand him. He was always sensitive to the human 
values, and this is one of the reasons why in a 
busy professional life he liked to continue private 
practice in spite of its demands. He felt that under 
these conditions there was a more relaxed and per- 
sonal relationship than it was possible to achieve 
even with the greatest of care under hospital con- 
ditions. While he was well aware of the importance 
of functional symptoms, he insisted that young 
housemen should not fall into the trap of diagnos- 
ing them too readily. As a teaching point he would 
ask a young man, “Do you know what is the com- 
monest cause of death in this country?” The replies 
would vary. He would listen patiently to the list, 
and then say “No, at the time of death the most 
common diagnosis made in this country is neuro- 
sis.” 


He was always thinking up some new idea that 
he wanted to try out on one. One morning he ar- 
rived with particular glee saying that he had 
thought up a new definition, namely, “A physician 
is a chap who is prepared to diagnose a condition 
which he didn’t know existed,” 

He thrived on controversy and questioning. 
Every case, no matter how apparently straightfor- 
ward, was a challenge to him, and he found some- 
thing interesting to discuss and teach at great 
length. On a rare occasion he showed his anger on 
a ward round. This was on a very hot day when 
we had many patients to see. P.W. straightened 
his back after listening to a patient’s heart, turned 
on the assembled crowd and almost snarled, “What 
the hell is wrong with you all today? Nobody is 
questioning anything.” As far as he was concerned, 
the occasion was, therefore, a failure. While he 
always took full final responsibility for the patient, 
decisions were never snap ones. They were put up 
as a hypothesis for everybody to criticize and out 
of the resultant discussion he would sort out what 
he thought to be nearest to the truth and best for 
the patient and this was done. 

He had an excellent sense of humor and first- 
class insight. I was once trying to jog his memory 
about a particular patient and I described the man 
as “a bright little man with a sharp nose.” P.W. 
said nothing but gave me a side-long glance with 
such a twinkle in his eye that it was quite obvious 
that he recognized his own similarity to the de- 
scription. 

He well understood how his surgical colleagues’ 
minds worked, and much whimsical thought would 
go into the wording of referral letters so that the 
recipients would be provoked in to doing what 
P.W. wanted and yet always left to think that the 
decision was entirely theirs. We juniors who saw 
this working out were much amused by his in- 
fallibility of technique. Such consultations were 
carried out in writing. On the wards the senior 
physicians and surgeons rarely met as their com- 
mitments did not permit it. The regular cardio- 
surgical case conferences had not yet begun. This 
makes it even more remarkable that P.W. devel- 
oped such a close working relationship with Brock 
and the other surgeons. When they did have a 
chance meeting on the wards he might be deeply 
involved in a complicated exposition which was 
interrupted by the encounter with his colleague. 
This encounter might consist of half an hour’s 
strenuous intellectual cut and thrust, but when it 
was over P.W. would return to precisely the point 
in the matter which he had been previously dis- 
cussing without feeling any need whatever to 
recollect his thoughts. 

The papers on mitral valve disease and the 
Eisenmenger syndrome which I have mentioned 
were written from his own personal series. Paul 
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_ Wood was a clinician first, and a clinical physiolo- 
- gist second. One of his great contributions was to 


bring these two together and show the precision 


with which hemodynamic assessment could be 
` made at the bedside. Generations of cardiologists 
around the world were affected by enthusiasm 
„for this method and continue to teach it. Investiga- 


_ tions were never carried out idly just to see what 


'. Might be found. As the bedside assessment was 
Made, the chest X-ray film was then observed to 
seek certain features of confirmation or denial 


and similarly the approach was made to the elec- 


< trocardiogram. If further investigations were in- 
_ dicated they were to seek specifie information. In 
_ Many cases they merely confirmed the clinical de- 
ductions that had already been made. 
The meticulous observations are apparent in the 


mitral stenosis paper and the Eisenmenger paper. 


I feel that both these will stand for many many 
years as classics. These papers are based on the 
careful and extensive clinical experience of one 
man and are therefore entirely personal. It is 
- unlikely that papers of a similar nature will ever 

again be written in cardiology. Much of his writing 
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was of this type. Certainly his textbook was, and 
I feel that it was a pity that the third edition was 
belatedly completed by a number of his: former 
colleagues, including myself. The personal touch, 
the uniformity, the freshness and the complete 
up-to-dateness could never be imparted to a text 
by anybody but P.W. in his full vigour. For these 
reasons, I would not presume to attempt to update E 
these particular papers. ae 

The intellectual stimulus about this man was, 
in my experience, unique and exhilarating. His in- 
tellectual honesty and self-criticism were acute and 
not always appreciated by those who did not work 
closely with him and whose ideas he attacked. ‘They. 
did not realize that he was constantly attacking 
his own thoughts in the same way and that: there 
was no malice there—unless he suspected intel- 
lectual dishonesty. After he died he was being 
discussed by a group of senior physicians and one 
very pompous man expressed dislike, saying that 
he always felt he was being treated like a fool. To 
this a very eminent man replied, “After I had been 
talking to Paul for a few minutes, I realized I was 
a fool.” SATE a 
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. Commentary by Wallace Brigden, MD, FRCP 


Paul Wood was first and foremost a superb clini- 
¿elan with a special interest in physiology. It is not 
surprising, therefore, that his great contribution 
_ Was expressed in a continuing endeavor to marry 

bedside medicine and the laboratory. Further- 


<; more, his professional career had spanned among 


many other innovations the introduction of effec- 
_ tive chemotherapy ‘for tuberculosis, the develop- 
ment of cardiac catheterization and the introduc- 
tion of surgical treatment for pericardial disease. 
< Constrictive pericarditis was thus a natural sub- 
ject on which to exercise his special talents and 
interests. The analysis of symptoms and signs in 
his 40 patients, and their evaluation in terms of 
hemodynamics, is described with great clarity in 
this paper which records his Roy Scott Lecture 
at the Western Reserve School of Medicine. Al- 
though no wholly original observation is recorded, 
and Paul was the first to say so (indeed, I remem- 
ber his expressed self-criticism on this point be- 
fore leaving for his visit to the United States), it 
remains one of the best accounts of this disease 
and a model of clinical writing. 
His insistence on the analysis of the errors of 
. others and not less of his own emerges here in his 
discussion of the differential diagnosis of peri- 
<- cardial constriction from the similar clinical pic- 
_ ture produced by cardiomyopathy: for during the 
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preceding two decades many patients had been 
subjected to needless thoracotomy because of this 
diagnostic difficulty. He used discussion-—often 
in the King’s Head, a local pub—with junior and 
senior colleagues alike to crystalize his views on 
any subject and possibly modify them in the light 
of cogent argument: I remember many such 
illuminating and often heated conversations con- 
cerning this subject and related ones. Our knowl- 
edge of the clinical features and diagnostic prob- 
lems of cardiomyopathy has increased since 1961, 
but little could be added to his observations on the 
differential diagnosis from constrictive peri- 
carditis. 

This is a beautifully balanced story as so much 
of his writing was. There is a touch of history, a 
provocative thought or observation, a mine of in- 
formation based on personal experience, acknowl- 
edgments to others where really due, and illustra- 
tions marked in his own fair hand—so muc 
better than the current virginal script. of electri 
typewriters. This is indeed a classic paper in the 
best tradition of British clinical medicine. Th 
national adjective is used because Paul Wood, 
though no jingoist, was a keen historian and took 
special pleasure in the contributions which have 
been made to clinical cardiology by his predeces- 
sors in the United Kingdom. 
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Commentary by Richard Emanuel, DM, FRCP, FACC 


Paul Wood was a remarkable man. Many knew 
him, but few knew him well. “Only his close 
intimates,” wrote Walter Somerville, “knew that 
+ this rather ascetic looking man had a warm and 
-endearing personality. .. . In periods of relaxa- 
tion he was gay and effervescent with a puckish 
< gense of humour and a reputation going back to 
student days of well planned pranks.” 

Although I had known Paul Wood for some 
` years, I first met him as physician and teacher 
» when I was appointed Senior Registrar to the 
National Heart Hospital in 1955. Three years later 
he invited me to apply for the equivalent post in 
the Cardiac Department at The Brompton Hos- 
pital. This appointment was greatly prized, for 
at the time there were no operating facilities at 
< the National Heart Hospital and all Wood’s sur- 
gical patients were directed to The Brompton. I 
held this appointment for three years until 1961, 
- when I became Assistant Director at the Institute 

“of Cardiology. 
The Brompton Hospital: 
special affection for The Brompton Hospital for, 
when he arrived in England in 1933 at the age of 
- 26 with very little money, his first appointment 
was House Physician to that hospital. Stories of 


Wood always had a 


=> his escapades and clinical prowess are legion. 


Many of the former are no doubt apocryphal and 
will become more so with the years, but I have 
every reason to believe the one which features his 
first Christmas at The Brompton is true. The 
scene was the sisters’ Christmas Dinner, a formal 
occasion at any hospital but particularly so at 
~The Brompton, a hospital steeped in nineteenth- 
century tradition. As the sisters sat down to dine, 
the lids of all the cheese dishes (previously wired) 
oo rose mysteriously and scores of mice escaped over 
~ the tables. Chaos ensued, Paul Wood was severely 
reprimanded, and it was suggested in some quar- 
ters he should be relieved of his house appoint- 
ment. 

He survived the wrath of authority and fifteen 
years later in 1948 was appointed to the staff as 
Consultant Cardiologist. The stage at The Bromp- 
ton was now set for a first-class cardiac depart- 
ment. Lord Brock, then Mr. Russell Brock, had 
been appointed in 1936, Oswald S. Tubbs in 1946 
and William P. Cleland in 1947. It only needed 
Wood's physicianly skill and dynamic enthusiasm 
to make it one of the most important cardiac cen- 
ters in London. 


For many years he spent a day and a half each 
week at The Brompton. Every Tuesday morning 
he did a medical ward round, and on Thursday he 
spent the whole day at the hospital. He often re- 
ferred to this as the most relaxed day in his week, 
for on none other did he spend the whole day in 
one place. He would arrive punctually at 10:00 
AM, often having seen a patient on his way from 
home, which incidentally was some 12 miles from 


The Brompton. He would walk into the Cardiac 


Department, which consisted of one large room 
shared by registrars, visiting fellows and technical 
staff. He had a word for everyone as he disap- 
peared behind a flimsy screen and changed into 
theater clothes; then, down the corridor, into a 
converted ward which served as the catheter lab- 
oratory. He enjoyed cardiac catheterization and 
insisted on doing the whole procedure himself 
from the first incision to the final suture. Through- 
out the investigation he would be teaching. (there 
was no image intensification) but he would never 
forget the patient and many a kind and reassuring 
word interrupted his exposition of the hemody- 
namics. l 
After this we lunched in the canteen which 
catered for medical and lay staff as well as post- 
graduates. Wood was always the center of an 
animated group. Outpatients followed. This was 
an extraordinary session conducted in one large 
room, During the afternoon fifty or sixty patients 
would be seen. There were generally five assis- 
tants working in various corners while Wood sat 
at a central desk interrogating, examining and 
teaching almost simultaneously. The noise was 
horrific. Wood maintained adequate concentra- 
tion, excluded extraneous sound, and auscultation 
even under these circumstances presented no real 
difficulty. The clinic closed about 6:00 PM, and 
then over a cup of tea he would dictate his letters. 
These were unique and still make fascinating 
reading. The first paragraph of each summarized 
the problem and instructed the family doctor. 
Then, really for his own records, came paragraphs 
on the history and physical findings. Finally, and 
most interesting of all, were his thoughts on prog- 
nosis and future development in the field relevant 
to the particular patient about whom he was writ- 
ing. By 7:00 PM he would have finished and then 
started a ward round of the surgical cases. It was 
impossible to see all the patients under his care, 
and it fell to my lot to select those of particular 
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ae interest or with particular problems. The round 
- would end at about 9:30 or 10:00 PM, mainly be- 
_ Cause he had qualms about waking patients at 


: - night—these views were certainly shared by the 
night staff who not infrequently complained of 


-his nocturnal habits. He would then leave the 
hospital and often see a patient on his way home. 
_ On other occasions he would dine at The Bromp- 
ton, and the day would end with a “noggin” (his 


< phrase) at The Rose—the local pub just outside 


_ the hospital gates. 

Chronic constrictive pericarditis: Because of 
their surgical requirements most of his patients 
<: with chronic. pericarditis were studied at The 
Brompton Hospital. The data collected from these 
cases. were originally presented as The Roy Scott 


Lecture, delivered on April 26, 1960, at Western 


_ Reserve University School of Medicine. It was 
subsequently published in January 1961 in the 
~ American Journal of Cardiology. Many of Paul 

-Wood’s most important contributions to cardiol- 
ogy deal with the clinical aspects and natural 
history of disease. His bibliography includes a 
-< masterly review of “Congenital Heart Disease,” 
_ Which was the St. Cyres Lecture of 1950; “An 
_ Appreciation of Mitral Stenosis,” the Strickland 
_ Goodall Lecture of 1954; “The Eisenmenger Syn- 
_ drome,” the Croonian Lecture delivered at the 

Royal College of Physicians in 1958, and “Aortic 
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Stenosis,” the Morris H. Nathanson Lecture, Unii 
versity of Southern California, given in the same 
year. The lecture and article on “Chronic Con- 
strictive Pericarditis” have their place with these 
classics. 

His presentation of pericarditis reflects his ine 
terest in hemodynamics and shows his ability to | 
translate knowledge gained in the catheterization _ 
laboratory to physical examination at the bedside. 
The article also highlights his interest in the dif- 
ferential diagnosis, One of the patients included 
in this article is portrayed in his film on the | 
Jugular Venous Pulse. In this case, as Wood re: 
ports in the film, the differential diagnosis between. 
chronic constrictive pericarditis and cardiomyop- 
athy was settled only at thoracotomy, which he 
considered a diagnostic defeat. 

Little of clinical importance has been added to : 
the story of chronic constrictive pericarditis since 
Wood’s contribution in 1961. Views have hardened 
on etiology; new explanations have been put for- 
ward for the mechanism of the paradoxical pulse — 
and further work is now available on the stroke 
volume, but nothing significant has been added 
to alter his interpretation of the physical findings | 
or his views on pathophysiology, natural histor 
or treatment of this disease. Here his work stands 
preeminent, a landmark and a tribute a decade 
after his death. 



















~ Commentary by 


l Walter Beck, MSc, MMed, FACC and Velva Schrire, PhD, MD, FACC 


c The late Paul Wood was a superb clinician, and 
< possibly his greatest contributions to cardiology 
were the skillful elucidation and evaluation of the 
symptoms and signs he detected at the bedside 
and the underlying hemodynamic abnormalities 
‘he deduced from these findings. Constrictive peri- 
“earditis was one of his many fields of interest.’ 
In the paper he contributed to the “Symposium 
on Pericarditis’? in the American Journal of 
- Cardiology, he emphasized the clinical differences 
-< between the active or subacute and the chronic 


. inactive and frequently calcific forms of the dis- 


ease. He also emphasized the features of the 


disease that aided in differentiation from cardio- 


_ myopathy, in which the only serious diagnostic 

difficulty arises. 

‘This communication correlates the clinical find- 
“ings in constrictive pericarditis with the under- 

lying hemodynamic disturbance, reviews new 
data acquired since the death of Paul Wood and 

adds a note on the clinical diagnosis of the disease. 


Abnormal Cardiac Filling 


The chief hemodynamic-abnormality in cardiac 
constriction is the limitation of cardiac filling im- 
posed by the constricted pericardium. In patients 


with very severe constriction, eardiac filling may 


be impeded throughout diastole; in those less se- 
verely affected, initial filling is rapid and unim- 
-peded but is equally rapidly curtailed as soon as 
the limit set by the diseased pericardium is 
reached. The time course of ventricular filling is 
thus altered, All filling occurs during the abbre- 
viated initial rapid filling phase, little if any 
further filling occurring during the slow filling 
` phase or during atrial systole. The ability to in- 
crease stroke volume by the Frank-Starling 
mechanism is thus severely limited, but cardiac 
output in milder cases can be well maintained or 
even increased during exercise by means of an 
increase in heart rate. Wood was aware of this 
and noted the relative well-being of patients with 
constriction in contrast to those with cardiomy- 


opathy and comparable increases in venous pres- 
sure. Although he denied that ascites occurred 
without edema (except when tuberculous peri- 
tonitis was present), he attributed the occasion- 
ally observed absence of edema despite a high level 
of venous pressure and hepatomegaly to the well 
maintained cardiac output. 

The altered time course of ventricular filling 
makes the constricted heart insensitive to the 
shortening of diastole during tachycardia or to 
the loss of the atrial contribution in atrial fibrilla- 
tion. Cardiac output is thus well maintained or 
even increased during atrial fibrillation or other 
supraventricular tachyarrhythmias. 

In our study on postextrasystolic ventricular 
pressure responses,” the right ventricular post- 
extrasystolic pressure failed to increase in about 
half of the cases with pericardial constriction. The 
ventricular end-diastolic pressure also was never 
increased after the post-extrasystolic beat. Both 
phenomena were attributed to the lack of any ad- 
ditional filling of the ventricle during the com- 
pensatory pause. 

The rapid initial filling of the ventricle and its 
abrupt curtailment have their clinical counter- 
parts in the characteristic collapse and rapid re- 
bound to the z point of the venous pressure pulse 
with little or no a wave; they are also noted in 
the early diastolic dip of the ventricular pres- 
sure curve at catheterization. A very common 
mistake is to regard the abrupt ascent from the z 
point as a dominant a wave. The palpable diastolic 
shock and the unusually early third heart sound, 
so typical of pericardial constriction, are also re- 
lated to the sudden limitation of the rapid filling 
phase by the rigid pericardium. 

Pericardial constriction vs. cardiomyopathy: 
An important diagnostic aspect of the constrictive 
syndrome is that, with rare exceptions, filling is 
equally impeded in both the left and right sides of 
the heart. This fact is reflected in the now well 
known observation, first made by Wood, that 
right atrial and pulmonary arterial wedge pres- 
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sures are usually within 6 mm Hg of each other. 
This is in contrast to most cases of cardiomy- 
opathy, in which the left-sided filling pressure 
usually exceeds the right-sided pressure by more 
than 6 mm Hg. This observation is important 
when considering the diagnostic differentiation of 
constrictive pericarditis from cardiomyopathy. 

The clinical counterpart of this fact is the ob- 
servation that patients with constrictive peri- 
carditis who have obvious elevation of the venous 
pressure level may have little dyspnea, are not 
orthopneic and are capable of reasonable if not 
normal effort, whereas patients with cardiomy- 
opathy with an equivalent elevation of the venous 
pressure level invariably have severe pulmonary 
congestion and dyspnea and limitation of their 
effort. However, this is all a matter of degree, 
and when constriction is extreme, pulmonary ve- 
nous pressure is considerably increased, produc- 
ing exertional breathlessness, orthopnea, hemopty- 
sis and occasionally frank pulmonary edema. 


Abnormal Cardiac Movements 


Constrictive pericardial disease, in addition to 
interfering with ventricular filling, alters the 
normal pattern of cardiac movement during the 
cardiac cycle. Characteristically, the heart is quiet, 
and cardiac pulsations are absent both at the 
apex and in the parasternal region. Apex cardiog- 
raphy and kinetography, however, frequently 
demonstrate systolic retraction of the apex, and 
this may also be detected by careful palpation. It 
has been suggested that the rigid pericardium pre- 
vents the normal inward movements of the lateral 
free wall of the ventricle during late systole 
and causes excessive retraction of the apex and 
descent of the base. 

Diastolic parasternal heave: A very striking 
occasional finding on palpation, particularly in 
young people with a thin chest wall, is a diastolic 
heave palpable over the left parasternal region 
which coincides with the y collapse. This cor- 
responds to the rapid filling of the right ventricle 
before it is halted by the rigid pericardium.‘ The 
sensation of excessive diastolic movement is prob- 
ably contributed to by the preceding systolic re- 
traction which occurs less rapidly and is therefore 
not as easily appreciated by palpation. This find- 
ing has been well documented by Mounsey,° using 
the impulse cardiogram, but was first described 
by Potain® in the nineteenth century. As so fre- 
‘quently happens in medicine, this key observation 
has been largely forgotten. It is an important and 
-almost diagnostic sign of constrictive pericarditis, 
readily distinguished from tricuspid insufficiency 
and pulmonary insufficiency, which produce a 
similar early diastolic but more prolonged heave, 
We have observed a similar pulsation in an oc- 


casional patient with Ebstein’s anomaly. The- 
particular importance in timing the exact occur- 
rence of the precordial pulsation is that it is easily. 
mistimed by the clinically inexperienced as Sys- 
tolic in timing rather than early diastolic, result-° 
ing in a mistaken impression of right ventricular 
hypertrophy. It is interesting to note that Freidel 
Pick, who is reputed to have died of constrictive _ 
pericarditis in 1896, allegedly had his condition _ 
misdiagnosed by his attending physician because a 
of a large precordial bulge.? i 
On fluoroscopy, the cardiac movements areo 
sometimes diminished, but frequently the heart 
pulsates surprisingly well. Electrokymography, a 
however, demonstrates the abnormal pattern of 
movement, ane 
Prominent x descent: One other character-. 
istic feature of the pericardial constriction is the. 
prominent x descent seen in the venous pulse and | 
right atrial pressure tracing. Unlike the normal] - 
x descent, in pericarditis the prominent negative 
pressure wave persists in the presence of atrial — 
fibrillation and has been attributed to the vigorous 
descent of the base of the heart at the onset of | 
systole. 















Abnormal Respiratory Hemodynamics 


Some of the most striking and diagnostically — 
important features of constrictive pericarditis are © 
related to the altered hemodynamic effects of 
respiration. The exact mechanism of these events = 
is still controversial, but an important recent ae 
contribution has been the recognition that the ce 
respiratory hemodynamics of tamponade differ 
from those of constriction and that experimental o 
tamponade is an inappropriate model for the study 
of pericardial constriction. 

Kussmaul’s sign: In constrictive pericarditis 
recent studies? have demonstrated that the normal 
increase in vena caval flow during inspiration is 
diminished or absent unlike cardiac tamponade 
where it persists. Right atrial and caval pressures 
usually show no change with respiration, but oc- < 
casionally the pressure increases with inspiration 
(Kussmaul’s sign). Paul Wood studied right atrial 
and pulmonary wedge pressures during respira- 
tion and reported that both increased on inspira- 
tion, and he was thus inclined to the view that 
inspiratory descent of the diaphragm caused fur- 
ther tensing of the pericardium with diminished 
inflow on the right side causing an increase in 
systemic venous pressure visible in the neck veins: oo 
as Kussmaul’s sign. Similarly, the diminished __ 
inflow into the left heart chambers resulted in - 
the reduced left ventricular stroke volume and _ 
the paradoxical pulse. Ee 

Reduced inspiratory left ventricular stroke: 
volume: In our study on the behavior of the 


second heart sound! in pericardial constriction we 
noted an unusual form of inspiratory splitting 
` due almost entirely to a shortening of the R—A, in- 
_terval with the R-P, interval showing little, if any, 
change.” The abbreviated R—A:, interval corre- 
sponded to the small arterial pulse and reflected 
‘the reduced left ventricular stroke volume. The 
‘unchanging R-P, interval would imply a fixed 
right ventricular stroke volume, and this interpre- 
‘tation is supported by the recent finding of un- 
varying vena caval pressures and flow levels dur- 
ing respiration in this disease. In this paper we 
also pointed out that the duration of the reduced 
~ left ventricular stroke volume was very brief, last- 
ing for no more than one or two beats, and that 
this was associated in time with an obvious fall in 
pulmonary wedge and direct left atrial pressures. 
< Examination of Paul Wood’s published records of 
pulmonary wedge tracings during respiration 
shows that the initial effect of inspiration is a fall 
in pressure similar to that in our recordings; the 
subsequent rise in pressure occurs later and is not 
related to the paradoxical pulse. The significance 
of this was not appreciated by Wood at the time. 
It was clear, therefore, that in pericardial constric- 
tion the reduced inspiratory left ventricular stroke 
volume could be attributed neither to increasing 
_ pericardial tension nor to a competitive increase in 
right ventricular filling. 
< We suggested that the only feasible mechanism 
appeared to be abnormal pooling of blood in the 
= pulmonary venous bed since these structures lay 
outside the area of constriction and could dilate 
| in response to the decreased inspiratory intra- 
thoracic pressure, whereas the intrapericardial 
structures could not. Indirect evidence for this 
mechanism was the greater inspiratory decrease 
in wedge than in left atrial pressure noted in one 
patient, suggesting a decrease in pulmonary vein 
to left atrial pressure gradient during inspiration. 
A similar mechanism had originally been pro- 
posed by Katz and Gauchat,” Sharp et al.“ and 
Golinko et al? for the mechanism of pulsus 
parodoxus, but all their experimental work was 
performed in animals with cardiac tamponade. 
-Recent work by Shabetai et al.* has clearly demon- 
strated that in acute cardiac tamponade both in 
animals and man the usual inspiratory increase 
in vena caval flow and fall in caval pressure per- 
sist; in fact, when they are prevented, pulsus 
paradoxus fails to occur. Thus, in tamponade, 
unlike constriction, pulsus paradoxus may be at 
least partly dependent on a transitory increase 
in right ventricular stroke volume which is passed 
on to the left heart chambers two to three beats 
later. 
To return to constrictive pericarditis, although 
pooling of blood in the pulmonary veins during 


inspiration remains the most likely explanation, 
direct proof of this mechanism by measurement of 
disproportionate changes in pulmonary venous 
and left heart volumes during inspiration remains 
to be demonstrated. 


Clinical Diagnosis of Pericardial Constriction 


To Paul Wood must go the credit for pointing 
out that cardiac constriction may occur in the 
active stage of tuberculous pericarditis when a 
thick layer of active inflammatory tissue and 
caseous material compresses the heart. These pa- 
tients present with a large heart and may mis- 
takenly be thought to have congestive cardio- 
myopathy. Wood laid down the hemodynamic cri- 
teria by which the two conditions may frequently 
be distinguished. 

In our Cardiac Unit we have, over a period of 
fifteen years, collected the largest reported series 
of cases of constrictive pericarditis with more 
than 200 patients operated on with the diagnosis 
proved at surgery. One aspect that may have 
appealed to Wood is that in more than 95 percent 
of the patients the diagnosis could easily be made 
at the bedside by careful clinical evaluation. Re- 
course to cardiac catheterization has rarely been 
necessary although most of our patients were in 
the subacute or active phase of the disease in which 
a large heart is common and we were working in 
an environment where the incidence of conges- 
tive cardiomyopathy of unknown cause is equally 
common. 

Of all the physical signs used to distinguish 
subacute pericardial constriction from cardio- 
myopathy, we have found the quiet heart and im- 
palpable cardiac apex to be the most diagnostic. 
The unique behavior of the second heart sound 
is also a useful sign® but cannot always be elicited. 
It is, of course, only possible to demonstrate that 
the widening of the split second sound is due to 
an increased movement of A, by phonocardiog- 
raphy, but by auscultation the splitting is equally 
distinctive. The characteristic features are the 
abrupt onset of the splitting, right at the onset of 
inspiration, and its very short duration, lasting 
for one or at most two cardiac cycles. With nor- 
mal splitting of the second sound, maximal widen- 
ing occurs a little later and lasts longer, the 
movement from single to maximal splitting being 
more gradual and slightly out of phase with 
respiration. 

In chronic constrictive pericarditis with a small 
or normal] heart size the differential diagnosis in- 
cludes various forms of restrictive endocarditis. 
Clinically and hemodynamically the features in 
the two conditions may be identical. Surgical ex- 
ploration may then be required to exclude peri- 
cardial constriction. 
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Remembering Paul Wood 


The following contributions by three of Paul Wood's co! 
‘his contributions to the study of rheumatic fever as well 


leagues recall 
as formal and 


informal moments during the years at Taplow, Hammersmith and the 


National Heart Hospital. 


Commentary by Edwin M. M. Besterman, MD, FRCP 


In the context of rheumatic heart disease Wood is 
perhaps remembered most for his monograph on 
mitral stenosis, which was an outstanding contri- 
bution in its time. However, he was equally in- 
terested in acute rheumatic fever and active 
-carditis although he published only one paper on 
this topic, and most of his ideas were first pub- 
_ lished in the chapter on rheumatic fever in his 
textbook, Diseases of the Heart and Circulation. 


- His practical experience with patients with rheu- 


: matic fever stemmed from his post as Cardiologist 
to the Special Unit for Juvenile Rheumatism at the 
Canadian Red Cross Memorial Hospital, Taplow, 


Buckinghamshire. At that time there were four 


wards devoted almost entirely to the care of chil- 
dren with acute rheumatic fever. Once a week 
Wood paid a visit to the Unit, where he would be 
shown those patients presenting particular prob- 
lems. His ward rounds at Taplow, in contrast to 
those at Hammersmith, the Brompton and the 
Heart Hospital, were usually relaxed. The small 
number of junior medical staff members were 
quite happy to accept most of his remarks, and 
there was very little argument. Thus, the Taplow 
scene differed from that in the postgraduate hos- 


c pitals where the more argumentative senior regis- 


trars and lecturers would throng his rounds and 
clinics. The resulting protracted interchanges kept 
Wood “on his toes” for hours at a time, and the 
strain was often obvious. Despite this intellectual 
exercise, which he certainly enjoyed, many of 
Wood’s ideas stemmed from the more informal 
meetings at Taplow, often over coffee and again 
during the hour drive back to the National Heart 
Hospital in London. During these weekly trips he 
would usually be totally relaxed and liked to dis- 
cuss a wide variety of topics with especial empha- 


sis on his book. He often mentioned how happy he 
was at Taplow; although it took quite a lot of time 
and effort to drive both ways for one half-day 
session each week, he obviously found it worth- 
while. I think he enjoyed the contact with children 
as well as the rural atmosphere of this delightful 
hospital set in the ground of Cliveden, then home 
of Lord and Lady Astor. 

My own association with him had commenced 
at the Postgraduate School, Hammersmith Hos- 
pital in 1948 where I had been attracted at once 
by his scientific, questioning approach to every 
clinical problem, which stood out in sharp contrast 
to the very didactic attitudes I had met elsewhere. 
Today this may sound mundane, but in the am- 
bience of the late 1940’s it was refreshingly new. 
The introduction of cardiac investigational tech- 
niques at that time facilitated this new approach 
to this particular branch of medicine. Wood’s own 
mastery lay in the correlation of, such newly ac- 
quired haemodynamic data with physical signs, 


since he was primarily a clinician. The catheter 


laboratory was always subservient to the clinical 
aspect of the patient, and Wood was one of the 
first to derive fresh clinical information from this 
marriage of laboratory and bedside findings. Wood 


could also be doctrinaire deliberately, often to be 


provocative, especially when he was confronted 
with his intellectual equals, and such exchanges 
were usually stimulating and fascinating to spec- 
tators. 

Contributions to rheumatic fever: Wood’s own 
contributions to the study of rheumatic fever are 
not widely recognized. The frequency with which 
the different valves were affected in acute, and 
subsequently chronic, rheumatic carditis was at- 
tributed by him to the pressures to which they were 






o exposed. Therefore, the detection of early valve 


-involvement in acute carditis became of extreme 


interest to him. He had a very acute ear, and, when 


: _ they first reached Taplow, his juniors often took 


six months to hear his grade one aortic diastolic 


murmurs. The differentiation of significant mitral 
-  — pansystolic murmurs from conducted basal systolic 
murmurs often presented difficulties in the pres- 
ence of tachycardia in children, and it was at 
_ Wood’s behest that we undertook the construction 
of a special cathode ray phonocardiograph: At 
that time there was no commercially available in- 
-strument capable of recording the high frequency 
low intensity murmurs peculiar to early rheumatic 

 valvulitis. Our instrument was of particular value 


in differentiating systolic murmurs and subse- 


ae quently proved of use in demonstrating changing 


-murmurs objectively. 
In order to determine in some of the more diffi- 
cult cases whether a mitral diastolie murmur of 
the Carey Coombs type was present or whether 
` one was just listening to an accentuated third heart. 
sound, Wood suggested the use of some drug that 
would slow the heart and enable one to be sure 
-about the presence of a murmur as opposed to a 
-| physiological sound. It was this stimulus that led 


to the introduction of phenylephrine, which pro- 


_. duced not only a reflex ‘bradycardia but also an 
= increased pressure load that similarly exaggerated 
aortic as well as mitral diastolic murmurs. This 


Dr. Besterman is Consultant Cardiologist, St. Mary’s Hospital and Pad- 
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method was used on many occasions in order to try 

to distinguish those patients with early carditis, © 
Rheumatic pericarditis was also of considerable | 

interest to Wood since it occurred in about 10 per- 





present early in the course of a first attack of. 
rheumatic carditis. He doubted whether true 7 
cardiac dilatation could occur with such speed _ 
although this had been the long-held view. For this 







reason he suggested what has now become a well | 
established diagnostic technique: namely, the use 
of the cardiac catheter to determine whether the — 
right atrial border formed the edge of the heart 
shadow on the X-ray film or lay within that edge 
if there was an effusion beyond the atrial wall. For 
good measure we injected a small bolus of con- 
trast medium which helped further to delineate the 
atrium. 

During this period at Taplow, Wood was com- 
pleting the first edition of his book, which occupied 
many evenings each week and was the ultimate 
testimony to his energy and originality, The chap- 
ter on rheumatic fever like many others could 
have provided him with ample material for several 
papers. Instead, he generously delegated to his 
juniors and preserved much of his own original 
thought for first publication in this unique text- 
book, fe 
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Commenta ry by Gerald Trevor Thomas, ML, FRCP 


I first met Paul Wood in 1947 when I was ap- 
pointed by him as one of the first Registrars at 
the Institute of Cardiology, Westmoreland Street, 


: London. There followed for me a very happy and 
valuable two years when one had the opportunity 
of working not only with Wood but Parkinson, 
Bedford, Evans and Hayward. Though one learned 
< much from all these eminent men, the force and 
impact of Wood’s teaching is still brought. home to 
me almost daily, for I find that when talking to 
junior staff I am constantly referring to Paul 
- Wood and his views on diverse aspects of cardiol- 
_ ogy. Many of his dictums come at once to mind: 
> “In exacerbations of cor pulmonale always assume 
_ there is underlying chest infection despite absence 
of signs and treat it.” “The electrocardiogram is a 
< most sensitive test in myxoedema; a normal graph 
virtually excludes it.” “Increase in temperature is 
the best sign of deep venous thrombosis, not calf 
: tenderness and Hegar’s sign.” Apart from these 
and many other aphorisms, there was of course 
` his basic teaching and particularly the way he 
trained us to carry out a meticulous clinical ex- 
amination. To look (chest shape, venous and 
carotid pulse), to feel (especially what can be 
-learned from the character of the apex beat), and 
- to auscultate. In regard to the last of these it was 
< fascinating to work with him in the late 1940’s, on 
_ sorting out the significance of splitting of the 
second sound and the diastolic flow murmur in 
atrial septal defect. 
Then in 1949 at Wood’s suggestion I applied for 


and was appointed as Physician to the Juvenile 


< Rheumatism Unit at Taplow, Buckinghamshire. 
- Wood visited the Unit each week. Each visit was 
looked forward to keenly by all members of the 
3 staff, and all were much on their mettle. They 
© knew that any cases submitted to him would þe 
subjected to his scrutiny and often they themselves 
--to his sometimes devastating criticism. It was his 
< astute observation that first made us realize the 

potential danger of salicylates in children with 
< an enlarged heart. Thus, on one occasion I showed 


aim a child with slight cardiac enlargement who 
had experienced, to me inexplicably, heart failure 
an three occasions. He reviewed the case records 
and pointed out that each episode of failure fol- 
lowed the giving of salicylate. I then reviewed all 
similar patients with enlargement who had been 


given salicylate and ina number it was clear there 


had been a sudden deterioration after starting the 


adrug. 


Over the years I was at Taplow I formed an 
increasingly close friendship with Wood and often 
visited him at his home. Here it was a pleasure to 
seek him relaxing in his delightful garden, but he 
set about this newly acquired interest. with the 
game vigor he applied to his clinical work; one 
would be shown with great pride a recently pur- 
chased tome on rose cultivation. Also at this time 
he decided he would take up fishing as another 
form of relaxation. He went off to buy a fly rod, 
demanded the best one in the shop, and then had a 
course of lessons. Within a week or two he was 
looking for a stretch of river he could buy in 
order to practice his newly acquired art. Such was 
the enthusiasm of the man. 

As a host he was marvelous, albeit somewhat 
demanding of restaurant staff when dining out. I 
remember well the views he expressed to a res- 
taurateur when he had taken a party to dine and 
hear his favorite, Bea Lillie, only to be told on his 
arrival that she was not appearing that night! He 
was at best, however, when presiding over his own 
table at home. Wine and conversation would flow 
freely but come 11 o’clock one would be ushered on 
one’s way, Paul saying that he had to get on with 
writing his book, which he would then do for an- 
other two: hours. 

Who else in our profession can be owed so much 
by so many? The host of patients who benefited 
from his skill and his researches into the nature 
and treatment of their disease. And all of us both 
in this country and abroad who had the good for- 
tune to work with him and whose careers were 
so much shaped by the training and guidance he 
gave us. 


Dr. Thomas is with the Canadian Red Cross M emorial Hospital, Taplow, 
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- i spent over two years at the National Heart Hos- 
pital, from 1948 to 1950. The Institute of Cardiol- 


ogy. was just getting under way, and it is no 
~ exaggeration to say that the drive and initiative 
Ae came very largely from Paul Wood. Procedures 


_ like cardiac catheterization were only starting, 


and it is almost incredible to recall that we used 


ae portable screening apparatus in the old X-ray de- 


partment with a saline manometer. The exposure 
-o to radiation was enormous, and indeed I recall one 
registrar being withdrawn for several weeks be- 


: cause of this. With Magidson I studied cases of 
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-Commentary by John M. Barber, MD, FRCPE 


Dr. Barber is Consultant Cardiologist to the Ulster Hospital, Belfast, and 
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atrial septal defect, and Wood ‘collaborated: i 
writing a paper on this topic. ge 
My particular memory of Wood was of a meticu 
lous attention to bedside diagnosis and the extra 
ordinary accuracy in his diagnoses, often mad. 
without any aid except a stethoscope. I recall ao 
most difficult morning when as a senior registrar 
I presented a case which I believed showed a 
Bernheim syndrome. I had previously sold it to” 
the other registrars but, as Wood annihilated me, 
they deserted. My compensation was that this be- 
came an increasingly frequent diagnosis in the 
Heart Hospital. qa $ 
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Burroughs Wellcome Co. manufacturing know-how and quality control 
assures each tablet will uniformly provide 
the amount of digoxin you prescribe 


predictable patient FESPONse... 
proven biologic availability 


Recent clinical testing shows Lanoxin? (digoxin) 
consistently produces the digitalizing effect you want— 
not too little, not too much 


Contraindications: There are no absolute contraindications to digitalis. However, in 
ventricular paroxysmal tachycardia or ventricular fibrillation, it should be used only 
in refractory cases not induced by digitalis intoxication and if heart failure has 
developed. 

Precautions: If the patient has been given digoxin during the previous week or any 
other less rapidly excreted drug of the digitalis group during the previous two weeks, 
the dose of Lanoxin must be reduced accordingly. Because of impaired renal function 
and excretion in elderly patients, they frequently require lower than recommended 
doses. ' 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with 
recommended doses. The diuretic agents as well as electrolyte manipulations by the 
physician are major causes of potassium depletion in cardiac patients, Under these 
conditions it may be necessary to reduce the usual dosages of Lanoxin during digi- 
talization and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes 
which are independent of myocardial diseases, e.g., cardiac tamponade, or to dis- 
orders not primarily of cardiac Origin, as severe anemia. Despite a variable or poor 
response to digoxin in the presence of active rheumatic carditis, the development of 
cardiac failure is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are 
quite similar to those occurring with other digitalis preparations. The most common 


toxic manifestations are anorexia, nausea, vomiting and various cardiac arrhythmias, 
including ventricular extrasystoles and paroxysmal supraventricular tachycardia or 
fibrillation with A-V block. In general, the gastrointestinal manifestations of toxicity 
with digoxin precede the cardiac arrhythmias occurring from overdosage. Further- 
more, because of the rapid dissipation of digoxin, manifestations of toxicity are of 
short duration, usually lasting from a few hours to one or two days. If necessary, 
potassium chloride may be administered as an intravenous infusion containing (adult 
dosage) 40 milliequivalents in 500 cc. of 5% dextrose in water, given over the course 
of 1 hour and repeated, if required, until a total of 120 milliequivalents have been 
given (1 mEq. KCI = 74.5 mg.).Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. 
For children, the intravenous infusion dosage of potassium chloride would be 5 to 10 
milliequivalents in 100 cc. of 5% dextrose in water given over the course of 1 hour, 
repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxi- 
cation with abnormal cardiac rhythms, potassium chloride may be given orally in 
divided doses totalling 4 to 6 grams per day (adults) or 1 to 2 grams (children) pro- 
vided renal failure is not present. 

LANOXIN*digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 
0.25 mg. (white) scored, in bottles of 100 500, 1,000 and 5,000; also Unit Dose 
Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 0.5 mg. (green) scored, 
in bottles of 100 and 1,000. 
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Your anginal patient wants to return to near- 
normal exercise tolerance. A reassuring 
therapeutic regimen can help. 


In the pharmacologic management of angina 
pectoris, the straight C-chain molecule has 
_ clearly proven its value. Most particularly 
~ in nitroglycerin. ; 





_ Cardilate (erythrityl tetranitrate), an effective 

| coronary vasodilator, is not simply another 
nitrite. Itis the nitrite that most closely resem- 
bles the chemical makeup of nitroglycerin. 


_For this reason, Cardilate can offer all of 
these advantages: 


e improves exercise tolerance 
e relieves anginal pain 
e reduces nitroglycerin intake 


e has longer therapeutic effect than 
nitroglycerin (up to 4 hours) 


NITROGLYCERIN 
H2— Ç —O—NO, 
H —C —O—NO, 
H2— C —O—NO, 


CARDILATE 
Ha— Ç —O—NO, 
H — C —O—NO, 
H — Ç —O—NO, 
Ha— C —O—NO, 


PENTAERYTHRITYL TETRANITRATE (PETN) 
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Indications: For the prophylaxis and long-term treatment 
of patients with frequent or recurrent anginal pain and 
reduced exercise tolerance associated with angina 
pectoris, rather than for the treatment of the acute attack 
of angina pectoris, since its onset of action is somewhat 
slower than that of nitroglycerin. 


Precaution: As with other effective nitrites, some fall in 
blood pressure may occur with large doses. Caution 
should be observed in patients with a history of recent 
cerebral hemorrhage, because of the vasodilatation 
which occurs in the area. Although therapy permits more 
normal activity, the patient should not be allowed to 
misinterpret freedom from anginal attacks as a signal to 
drop all restrictions. 


Side effects: No serious side effects have been reported. 
In sublingual therapy, a tingling sensation (like that of 
nitroglycerin) may sometimes be noted at the point of 
tablet contact with the mucous membrane. If objection- 
able, this may be mitigated by placing the tablet in the 
buccal pouch. As with nitroglycerin or other effective 
nitrites, temporary vascular headache may occur during 
the first few days of therapy. This can be controlled by 
temporary dosage reduction in order to allow adjustment 
of the cerebral hemodynamics to the initial marked 
cerebral vasodilatation. These headaches usually 
disappear within one week of continuous therapy but may 
be minimized by the administration of analgesics such as 
Empirin® Compound. Mild gastrointestinal disturbances 
occur occasionally with larger doses and may be 
controlled by reducing the dose temporarily. 


Supplied: 10 mg. Tablets (scored). Also available in 

5 mg. and 15 mg. scored tablets in addition to Cardilate-P 
brand Erythrity! Tetranitrate with Phenobarbital 

Tablets (scored). 


10 mg. q.i.d. oral or 
5 mg. q.i.d. sublingual 
Suggested starting regimen 
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predictable patient response... 
proven biologic availability” 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or - 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those-occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCl = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


-Lanoxindigoxin „ 


*Complete literature available on request from Professional Services Dept. PML. Wellcome 






Burroughs Wellcome Co. 
| Resear Triangle Park 
North Carolina 27709 
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Lasix’ 
furosemide 
Tablets / Injection 


WARNING -Lasix (furosemide) is a potent diuretic 
which if given in excessive amounts can lead to a 
profound diuresis with water and electrolyte deptie- 
tion, Therefore, careful medical supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient's needs. (See under 
“DOSAGE AND ADMINISTRATION") 


DESCRIPTION —Lasix is a diuretic, chemically dis- 
tinct from the organomercurials, thiazides and other 
heterocyclic compounds, I is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle’s loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chioro-N-furfury}-5-suilfamoylan- 
thranilic acid. 

INDICATIONS — Lasix (furosemide) is indicated for 
the treatment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired, 


If the gastrointestinal absorption is impaired or oral 
medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route. 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.g., 
acute pulmonary edema. 


Parenteral administration should be reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension — Lasix Tablets may be used for the 
treatment of hypertension alone or in combination 
with other antihypertensive drugs. Hypertensive pa- 
tients who cannot be adequately controlled with thia- 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS-—Because animal reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated in 
women of child-bearing potential. 


Lasix is contraindicated in anuria. if increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and in states of electrolyte 
depletion, therapy should not be instituted until the 
basic condition is improved or corrected. Lasix is 
contraindicated in patients with a history of hyper- 
sensitivity to this compound. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide}, children should not be 
treated with the drug. 


WARNINGS-Excessive diuresis may result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and with the possibility of vascular 
thrombosis and embolism, particularly in elderly pa- 
tients, 

Excessive loss of potassium in patients receiving 
digitalis glycosides may precipitate digitalis toxicity. 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte, CO2 and BUN determina- 
tions should be performed during the first few months 
of therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden alterations of fluid and 
electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 


As with many other drugs, patients should be ob- 
served regularly for the possible occurrence of blood 
dyscrasias, liver damage, or other idiosyncratic re- 
actions. 


in those instances where potassium supplementation 
is required, coated potassium tablets should be used 
only when adequate dietary supplementation Is not 
practical. 

There have been several reports, published and 
unpublished, concerning nonspecific small-bowel le~ 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thiazides with potassium salts. These lesions 





may occur with enteric-coated potassium tablets 
alone or when they are used with nonenteric-coated 
thiazides, of certain other oral diuretics. 


These small-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have accurred, 


Available information tends to implicate enteric- 
coated potassium saits, although lesions of this type 
algo occur spontaneously. Theretore, coated potas- 
sium-containing formulations should be administered 
only when indicated, and. should be discontinued 
immediately if abdominal pain, distention, nausea, 
vomiting, or gastrointestinal bleeding occurs. 


Patients with known sulfonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS—As with ary potent diuretic, electro- 
lyfe depletion may occur during therapy with Lasix, 
especialy in patients receiving higher doses and a 
restricted salt intake. Electrolyte depletion may man- 
fest itself by weakness, dizziness, lethargy, leg 
cramps, anorexia, vomiting, and/or mental contusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications, 


Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen. These have veen observed in associa- 
ton with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency, 


Cases of reversible deafness and tinnitus have been 
reported following the injection of Lasix, These ad- 
verse reactions eccurred when Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg,). Tran- 
sient deafness is more likely to occur in patients with 
severe impairment of renai function and in patients 
who are alsa receiving dregs known to be ototoxic. 
Penodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tesis with abnormalities of the fasting and two-hour 
postprandial sugar have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may tower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly. periodic serum calmum levels should be ob- 
ained. 


Patients receiving high deses of salicylates, as in 
rheumatic diseases, in conjunction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretory sites, 


Sultonamide divretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubocurarine. Great caution 
should be exercised in administering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisatle to discontinue oral Lasix for one 
week and parenteral Lasix 'wo days prior to any elec- 
tive surgery, 


ADVERSE REACTIONS — Various forms of dermatitis, 
including urticaria and rare cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur. 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura) may occur. Rare cases of 
agranulocytosis ave occurred which responded to 
treatment, 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual ‘herapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See “PRECAUTIONS.”) 


In addition, the following rare adverse reactions have 
been reported: however, relationship to the drug has 
not been established with certainty: sweet taste, oral 
and gastric. burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see “WARN- 
INGS”), and acute pancreatitis. 


Lasix induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscie 
cramps, thirst, increased perspiration, urinary bladder 
spasm and sympioms of urinary frequency. 


As far as hyperglycemia is concerned, see “PRE- 
CAUTIONS.” 


Transient pain after intramuscular injection has been 
reported at the Injection site. 


DOSAGE AND ADMINISTRATION 

Oral Administration —The usual dose of Lasix is 1 to 
2 tablets (40 to 80 mg.) given as a single dose, pref- 
erably in the morning, Ordinarily, a prompt diuresis 
ensues, Depending on the patient's response, a sec- 





ond dose can be administered 6 to 8 hours later. 
This dosage and dosage schedule can then be main- 
tained or even reduced. if the diuretic response with 
a single dose of 1 to 2 tablets (40 to 80 mg.) is not 
satistactory, e.g., in a patient with congestive heart 
failure refractory to maximal doses of thiazides, the 
folowing schedule should be used: Increase this 
dose by increments of 1 tablet (40 mg.) not sooner 
than 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This indi- 
vidually determined single dose should then be given 
once or twice daily (@.g., at 8:00 a.m, and 2:00 p.m}. 
The cose of Lasix may be carefully titrated up to 600 
mg. per day in those patients with severe clinical 
edematous states. Higher doses are currently under 
investigation, 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent 
dosage schedule in which the diuretic is given for 2 
to 4 consecutive days each week. With doses exceed- 
ing 80 mg./day and given for prolonged periods, 
careful clinical and laboratory observations are par» 
ticularly advisable. 


Hypertension—The usual dose of Lasix (furosemide) 
is one tablet (40 mg.) twice daily both for initiation 
of therapy and for maintenance, Careful observations 
for changes in blood pressure must be made when 
this compound is used with other antihypertensive 
drugs, especially during initial therapy. 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood pressure, 
As the blood pressure falls under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. it is further recommended, if one tab- 
let (40 mg.) twice daily does not lead to a clini- 
cally satisfactory response, to add other hypotensive 
agents, e.g., reserpine, rather than to increase the 
dose of Lasix. 


Until more experiance is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. ` 


Parenteral Administration—The usual dose of Lasix 
is t to 2 ampules (20 to 40 mg.) given as a single 
dose, injected intramuscularly or intravenously, The 
intravenous injection should be given slowly (1 to 
2 minutes). Ordinarily, a prompt diuresis ensues, 
Depending on the patient's response a second dose 
ce pe administered two hours after the first dose 
or later. 


if the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg.) is not satisfactory, e.g. ina 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours after the previous dose until the desired diuretic 
effect has been obtained. This individually deter. 
mined single dose should then be given once or twice 
daily. Parenteral administration should be reservec 
for patients where oral medication is not practical 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this is prac. 
tical for continued mobilization of edema. 


Acute Pulmonary Edema—Since the diuresis evokec 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treat 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg) of Lasix are to be slowly injected intra 
venously immediately. Then this dose should be fol 
lowed by another 2 ampules (40 mg.) one to one anc 
one-half hours later if that is indicated by the pa 
tient's condition. 


if deemed necessary, additional therapy (e.g, digi 
talis, oxygen) can be administered concomitantly. 
Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not bi 
treated with the drug. 


HOW SUPPLIED—Lasix (furosemide) Tablets ar 
supplied as white, monogrammed, scored tablets c 
40 mg. in amber bottles of 100 (FSN 6505-062-3336 
500, and Unit Dose 100's (20 strips of 5). Lasix tr 
jection is supplied as a sterile solution in 2 mi. an 
ber ampules; boxes of 5 (FSN 6505-435-0377) an 
50. Each mi, contains 10 mg. furosemide (with sc 
dium chloride for isotonicity and sodium hydroxid 
to make the solution slightly alkaline). 

Note: Exposure to light may cause slight discolo 
ation which, however, does not alter potency. 
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Your experience 
with Lasix’ (furosemide) 
has proven its usefulness 
in office practice. 







Tablets 
40 mg. 


O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

O Patient inconvenience is minimal since diuresis 
is usually complete within 6 to 8 hours. 

O In long-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient's individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 
prescribing information.) 
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A 
CALMER 
OUTLOOK 
FOR THE 
CARDIAC 
PATIENT 





Helps relieve excessive anxiety 
that may accompany cardiac 
disease and impede recovery... 


prompt onset of action — usually 
within 15-30 minutes... 


may be used concurrently with 
digitalis... 


hypotensive reactions 

are uncommon; hepatic or 
hematopoietic toxicity has not 
been reported with 
recommended dosage... 


although occasional drowsiness 
has been reported, mental 
alertness is seldom impaired... 


by relieving excessive 
anxiety, an h.s. dose 
helps encourage restful sleep. 


WHEN YOUR FINDING 


IS EXCESSIVE ANXIETY 
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Please see Brief Summary on next page 
for further discussion of side effects and a d 





A CALMER OUTLOOK... 


WHEN YOUR FINDING 
IS EXCESSIVE ANXIETY 


Vistari (HYDROXYZINE 


PAMOATE) 


25 mg., 50 mg., 100 mg. capsules 


THE UNCOMPLICATED CALM 


BRIEF SUMMARY 

Contraindications: Hypersensitivity to hydroxyzine. The so- 
lution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, 
rat, and rabbit induced fetal abnormalities in the rat at 
doses substantially above the human therapeutic range. 
Clinical data in human beings are inadequate. Until 
adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this 
period. 

Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION OF 
CENTRAL, NERVOUS SYSTEM DEPRESSANTS SUCH AS NAR- 
COTICS AND BARBITURATES. In conjunctive use, dosage for 
these drugs should be’decreased as much as 50%. Because 
drowsiness may occur, patients should be cautioned 
against driving a car or operating dangerous machinery. 
The usual precautions for intramuscular injection should be 
followed; soft-tissue reactions have rarely been reported 
when proper technique has been used. Hydroxyzine intra- 
muscular solution should be injected well within the body 
of a relatively large muscle. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., gluteus 
maximus), or the mid-lateral thigh. In children, preferably 
the mid-lateral muscle of the thigh. In infants and small 
children, the upper outer quadrant of the gluteal region 
should only be used when necessary, as in burn patients, 


in order to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well de- 
veloped, such as in certain adults and older children, and 
only with caution to avoid radial nerve injury. Injections 
should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intra- 
vascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually 
transitory and may disappear in a few days of continued 
therapy or upon dosage reduction. Dryness of the mouth 
may occur with higher doses. Involuntary motor activity, 
including rare instances of tremor and convulsions, has 
been reported, usually with ‘higher than recommended 
dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: Equiva- 
lent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. Vistaril 
(hydroxyzine pamoate) Oral Suspension: Equivalent to 
25 mg. hydroxyzine HCI per 5 cc. teaspoonful. Vistaril 
(hydroxyzine HCl) Intramuscular Solution: 25 mg./cc.— 
10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. vial; Isoject,* 
25 and 50 mg. per cc., 1 cc. per unit; 100 mg./2 cc. unit. 
More detailed professional infornation available on 


request. Revised January, 1970 


(Pfizer) LABORATORIES DIVISION 
PFIZER INC., NEW YORK, N.Y. 10017 
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\ control? The kind of patients you decide must 
. > be kept calm? Valium’ (diazepam) can be 
ames ls important adjunctive therapy for 
yee’ these patients whose management 
"~~ is significantly complicated by 
underlying, excessive tension and anxiety. 


: 2 But what about the hypertensive 
A=: whose tension/anxiety isn’t under 






Most patients experience significant relief of psychic tension 
symptoms after the first few days of Valium therapy; some patients 
may need more time for a clear-cut response. Valium is used with 
certain medications of other classes of drugs such as cardiac glycosides, 
diuretics, vasodilators, anticholinergics and antacids. 


Valium tablets are usually well tolerated, and generally do not 
affect respiration, pulse or heart rate. The most frequent side effects 
reported have been drowsiness, fatigue and ataxia. Patients should be 
cautioned against engaging in hazardous occupations 
or driving. 


For certain hypertensive patients w 
who can’t handle their psychic tension, . 
Valium can be an important addition to the Val lum, 


therapeutic regimen. diazepam) 
2-mg, 5-mg, 10-mg tablets 





adjunct for the overly tense 
hypertensive patient 
who must be kept calm 


Please turn page for a summary of product information. 


~ Valium 
diazepam) 
2-mg, 5-mg, 10-mg tablets 


adjunct for the overly tense 
hypertensive patient 
who must be kept calm 


Prompt action — Significant 
-reduction of anxiety in the overly 
-tense patient is often seen in the 
- first few days of therapy, although 
some patients may need more 

time for a clear-cut response. 
- High efficacy — Valium® 
_ (diazepam)can help relieve tension- 
produced symptoms in patients 
-overreacting to situational stresses 
- and in patients with psychoneuroses. 
_ Generally well tolerated — 
The most commonly reported side 
- effects are fatigue, drowsiness 

and ataxia. 

Flexible dosage — Available in 
three convenient tablet strengths— 
2 mg, 5 mg and 10 mg — Valium 
permits you to tailor your 
prescriptions for maximum 
effectiveness. 


Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; psycho- 
neurotic states manifested by tension, anxiety, apprehension, 
fatigue, depressive symptoms or agitation; symptomatic relief 
of acute agitation, tremor, delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology, spas- 
ticity caused by upper motor neuron disordérs, athetosis, 
stiff-man syndrome, convulsive disorders (not for sole therapy). 


Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma who 
are receiving appropriate therapy. 


Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, tremor, abdominal 
and muscte cramps, vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance because of their 
predisposition to habituation and dependence. In pregnancy, 
lactation or women of childbearing age, weigh potential 
benefit against possible hazard. 


Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may potenti- 
ate its action. Usual precautions indicated in patients severely 
depressed, or with latent depression, or with suicidal tenden- 
cies. Observe usual precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective amount in elderly 
and debilitated to preclude ataxia or oversedation. 


Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests ad- 
visable during long-term therapy. 


Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 
10 mg b.id. to q.i.d.; alcoholism, 10 mg t.i.d. or q.id. in first 
24 hours, ther 5 mg tid. or q.i.d. as needed; adjunctively in 
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CLINICAL STUDIES 


Pheochromocytoma. Fine Structural, Biochemical and Clinical Observations 


NIKLAUS T. LAUPER, GERTRUDE M., TYCE, SHELDON G. SHEPS and 
J. AIDAN- CARNEY 






No correlation was noted between the clinical symptoms and the fine structure of the tumor 
in 17 patients with pheochromocytoma. The morphologic features of the tumors suggest that 
catecholamine synthesis and storage are the primary functions of pheochromocytes. 


Relation of the Electrocardiogram to Hemodynamic Alterations in Pulmonary Embolism 
KEVIN M. McINTYRE, ARTHUR A. SASAHARA and DAVID LITTMANN 


This. study of pulmonary embolism in 20 consecutive patients free of underlying cardiopul- 
monary disease demonstrated that the electrocardiogram was of no positive value in 80 percent 
(16 patients), showed nonspecific changes suggesting the diagnosis in 15 percent (3 patients), 
and was diagnostic of acute right ventricular strain in 5 percent (1 patient). The. main role of 
the electrocardiogram in this condition may be to distinguish between acute myocardial infarc- 
tion and acute massive pulmonary embolism. 


Late Deterioration of Patients After Superior Vena Cava to Right. Pulmonary Artery 
Anastomosis 


L. M: BARGERON, Jr.. ROBERT B. KARP, ALBERTO BARCIA, JOHN W. KIRKLIN, 
DAVID HUNT and PHILIP B. DEVERALL 





Clinical deterioration in. 10 of 34 infants and children with superior vena cava to right pulmonary 
artery anastomosis usually occurred in the first decade. Factors decreasing effective pul- 

monary: flow andthe increased social and metabolic demands made on the child by growth ap- 
pear to be responsible. When the level of palliation becomes unsatisfactory, additional palliation 
must be considered, including both collateral vessel ligation and creation of a shunt to the left 
pulmonary artery. 


Determination of Systolic Time Intervals Using the Apex Cardiogram and Its First 
Derivative 


GEORGE GABOR, IVAN PORUBSZKY and PETER KALMAN 








This method using the apex cardiogram and its first derivative in time ennances the accuracy 
of measurement of systolic time intervais. 


Valvular Heart Disease: Undiagnosed Valvular involvement, Concomitant Coronary 
Artery Disease and Systemic Embolization 


DONALD E. LOEW, DWIGHT E. HARKEN and LAURENCE B. ELLIS 


Autopsies of 259 patients who died during or shortly after open heart surgery for valvular disease 
revealed that 72 of 114 patients with clinically diagnosed isolated aortic valve disease also had 
mitral valve abnormalities. Twenty-eight patients with clinically diagnosed isolated mitral valve 
disease also showed aortic valve abnormalities. Rheumatic stigmata were rare in aortic valve 
disease. The prevalence and degree of coronary artery disease is the same regardiess of the 
valve or valves involved. The frequency of embolization was similar in patients, with predominant 
mitral insufficiency and in those with stenosis. 
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New Respiratory Gas Analyzer 
and Stress Test Monitor... 





Now, for the first time, totally automatic, 
minute-by-minute update of respiratory functions during 
physical stress testing — plus continuous ECG 


monitoring — all in one compact system! 
A. MODEL 800 RESPIRATORY GAS ANALYZER B. MODEL 2900 STRESS TEST MONITOR 


All digital data continuously displayed and updated e Large, two-channel oscilloscope displays 
each minute ECG waveform 
e Expired volume up to 199.9 liters per minute B.T.P.S. è Built-in digital heart rate meter numerically 


displays instantaneous or average heart rate 


$ ; è Built-in ECG paperwriter meets AHA 
Oxygen uptake per kilogram body weight per recommendations 


minute up to 99.9 milliliters 


Oxygen uptake up to 9.99 liters per minute S.T.P.D. 


è Optional automatic timer/programmer 


e CO, in liters per minute, and RQ automatically controls paperwriter 

© Total heart beats per minute e Optional S-T segment computer/display 

e Elapsed-time clock synchronizes complete system numerically displays S-T elevations and 
and provides digital display depressions 


è Digital outputs for printers and plotters 
For more information and/or a demonstration, just use the reader service card or return the coupon below. 


O Please send literature O Contact me for a demonstration 
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AVIONICS Organization 


Address 











AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
Del Mar Engineering Laboratories 


229 Platelet Survival in Patients with a Beall Valve: Relation to Low Incidence of 
Thromboembolism 


HUGH W. WEILY, PETER P. STEELE and EDWARD GENTON 


Platelet survival time was normal in 6 of 9 patients with a Beall mitral valve prosthesis. It was 
inversely related to increasing disc surface area but did not correlate with the presence or de- 
gree of hemolysis. The low incidence of thromboembolism in this group may be related to the 
absence of platelet abnormalities. 


EXPERIMENTAL STUDIES 


232 Electrophysiologic Studies on Wenckebach Structures Below the Atrioventricular Junction 
GARY J. ANDERSON, KALMAN GREENSPAN, CHARLES FISCH and JOHN C. BAILEY 


These experiments demonstrate electrophysiologic evidence for conduction disturbances of the 
Wenckebach type at all levels of the canine His-Purkinje system and human ventricular muscle. 


237 Temporal Relation of the Second Heart Sound to Aortic Flow in Various Conditions 
ROYCE D. BROUGH, Jr.-and ROBERT C. TALLEY 


in this study of the temporal relation of the second heart sound to left ventricular ejection during 
various conditions of preload, afterload and ventricular function in dogs, the onset of the second 
heart sound occurred. 5.2 + 2.6 msec before the nadir of flow reversal and 23.2 + 5.7 msec 
after the onset of rapid deceleration of flow. These data indicate that the second heart sound is 
temporally related to flow reversal and may be a result of deceleration of backflow in the aorta. 


242 Quantitative Study of the Effect of Lidocaine on the Threshold for Ventricular Fibrillation 
in the Dog 


GARY GERSTENBLITH, JOSEPH F. SPEAR and E. NEIL MOORE 


During the administration of lidocaine in dogs the ventricular fibrillation threshold after both 
normal and premature beats increased, and ventricular fibrillation was more difficult to provoke. 
The threshold for ventricular fibrillation after a premature ventricular contraction decreased 68 
percent following. lidocaine infusion. The half-time for the disappearance of lidocaine from the 
blood was 32 minutes. 


248: Successful Defibrillation with the Use of Left Ventricular Drainage After Prolonged 
Refractory Ventricular Fibrillation in Experimental Acute Myocardial Infarction 


LESLIE A. KUHN, FRED LAJAM, HIDEKI. SAKURAI, JAIME CASTRO-BLANCO, . 
ALLEN UNGER, STEPHEN NOVICK, ANTHONY J. MARANO and ROBERT S. LITWAK 


Left ventricular drainage by transaortic or transatrial cannulation in dogs with. experimental 
acute myocardial infarction enhanced successful defibrillation of previously refractory ventricu- 
lar fibrillation. Acute reduction of left ventricular volume with alteration of the form of the left 
ventricle, reduction of myocardial oxygen requirements and increments of coronary flow attri- 
butable to left ventricular drainage may be the mechanisms facilitating defibrillation. 


METHODS 


252 Echocardiographic Determination of Left Ventricular Dimensions, Volumes and 
Performance 


JOHN A. MURRAY, WILLIAM JOHNSTON and JOHN M. REID 


Comparison. of left ventricular dimensions determined by echocardiography and biplane angio- 
graphic measurements in 21 patients showed significant correlations between the end-diastolic 


continued 


heart disease - 
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The value and importance of treadmill 
stress-testing procedures lie in the de- 
tection of clinically unsuspected or 
“silent? coronary heart disease. By 
observing ECG responses to exercise 
tests, coronary disease can be detected 
prior to clinical manifestation in the 
form of angina pectoris or myocardial 
infarction. 

Burdick’s Ex-ECG system includes a 
5’’-screen cardiac monitor with integral 
HR-meter and 12-lead ECG preamp in 
combination with the EK/5-S automatic- 
start electrocardiograph and DC de- 
fibrillator—all conveniently mounted on 


urdick Stress/Exercise Monitoring 


a mobile console stand. 


Versatility of the Burdick Ex-ECG sys- 
tem is further demonstrated by the fact 
the same equipment can also be utilized 
as an emergency cardiac station or a 
1-bed ICU as needed. 

Ask your Burdick dealer for a demon- 
stration and complete information or 
write The Burdick Corporation, Milton, 
Wisconsin 53563. 


BURDICK 





diameter wall thickness, dimensional ejection fraction and left ventricular volumes. Echo- 
cardiography could be a useful diagnostic tool in monitoring cardiac dimensions, but its value in 
monitoring serial changes remains to be confirmed. 


258 Rapid Diagnosis of Pericardial Effusion Utilizing the Scintillation Camera 


EDWARD R. WEISS, WILLIAM H. BLAHD, MARTIN A. WINSTON and 
G. T. KRISHNAMURTHY 


This new technique, using the gamma ray scintillation camera and an intravenous bolus injec- 
tion of technetium sulfide 9°™Tc, permits the rapid diagnosis of pericardial effusion without the 
need for a chest roentgenogram. Clinical examples using this method are presented. 


REVIEWS 


263 Aortic Dissections and Dissecting Aneurysms 


CONSTANTINE E. ANAGNOSTOPOULOS, MANAKAVALAN J. S. PRABHAKAR and 
C. FREDERICK KITTLE 


Drug. therapy:is favored in patients with uncomplicated type Il! acute or chronic dissections of 
the aorta:and in those with severe general contraindications to surgery. Urgent operative treat- 
ment is the procedure of choice for patients with type | acute dissections or complicated type Ili 
dissections, and for those with normal blood pressure. Rapidly instituted team management tor 
aortic dissection is desirable to reduce mortality. 


HISTORICAL MILESTONES 


274 Simon Samuel (1 867) on Inflammation—I1 


SAUL JARCHO 


Showing the increasing sophistication of studies on acute inflammation in the tast century, this 
account presents the results of research by Samuel showing that acute inflammation consisted 
of 2 discrete components, namely, venous. stasis and secondary arterial infection or engorge- 
ment concomitant with exudation and swelling. Continued: arterial influx in the presence. of 


venous stasis led to increased transudation. 


CASE REPORTS 


277 Rupture of Dissecting Thoracic Aortic Aneurysm into the Right Ventricle 


RICHARD. A. PERRYMAN and WILLIAM A. GAY 


This unusual rupture of a dissecting aortic aneurysm into the right ventricle produced.a con- 
tinuous murmur in a patient with heart failure and simulated the intracardiac rupture of sinus 
of Valsalva aneurysms. After the correct diagnosis was made. with the aid of cardiac catheter- 
ization and aortic angiography, surgical repair proved successful. 


282 Ventricular Aneurysm Due to Cardiac Sarcoidosis with Surgical Cure of Refractory 
Ventricular Tachycardia 


ROBERT J. LULL, BRUCE E. DUNN, GABRIEL GREGORATOS, WILLIAM A. COX and 
GEORGE W. FISHER 


Surgical resection of a large aneurysm of the left ventricular apex cured not only the sarcoid 
lesion of the heart but also the associated refractory paroxysmal ventricular tachycardia in a 22 
year old Negro man with sarcoidosis of the lung, liver and myocardium, This is the third reported 
case of sarcoid-induced ventricular aneurysm. 
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Holter DCG Monitoring Case History No.18 

















Courtesy of Cardio-Dynamics Laboratories, Inc. 


A 56-year-old female medica! assistant had increasingly 
frequent ventricular extrasoles over a 10-year period. 
For several of those years, she had prolonged episodes 
of ventricular bigeminy and trigeminy; and in the year 
preceding the first DCG, she developed short salvos 
of ventricular tachycardia. During the 10-year period, 
the patient was tried on a variety of antiarrhythmic drugs 
without benefit. 


A new agent was then tried, and the patient was con- 
tinuously monitored utilizing the Holter DCG technique 
to determine the effectiveness of the drug. Within a 
week, the DCG record demonstrated the effectiveness 
of the new therapy, and additional periodic DCG’s con- 
firmed the continua! effectiveness of the drug. 


Strips one, two, and three were taken, prior to the use 
of the new agent, while the patient was working at her 
typewriter. Despite the evidence of bigeminy, trigeminy, 
and ventricular tachycardia — the patient experienced 
no symptoms at the time of the occurrences. The fourth 
strip was recorded one week after the start of the new 
medication. 


NEW SCANNING CENTERS PUT 
24-HOUR DCG HOLTER MONITOR- 
ING WITHIN MEANS OF EVERY 
PHYSICIAN! 


Now, for those physicians who would like to employ 
the latest, up-to-date, DCG Holter heart monitoring 
procedures, it is no longer necessary to make an 
initial investment of $11,000 to install a complete 
DCG system. Now the doctor serves the patient — 
and new scanning centers serve the doctor. 


For less than $2000 any physician can obtain an 
Avionics Electrocardiocorder™ — a small unique por- 
table tape recorder — and the associated instrumen- 
tation. It includes everything he needs to provide his 
patients with continuous Holter monitoring imme- 
diately. The physician or his assistant performs the 
patient hook-up in a 10-minute office procedure. The 
patient wears the heart monitor for 4, 12, or 24 hours. 
Then the tapes can be sent to a qualified cardiologist- 
controlled scanning center where they are scanned 
and documented for a modest fee (approximately 
one-half of the usual DCG charge). 


The patient benefits by the greater validity and re- 
liability of a continuous DCG recording made over a 
prolonged period while he is subject to normal physi- 
cal and emotional stress, and the doctor benefits by 
an improved procedure that yields better patient data 
while requiring less physician time. 


For more information, return the coupon below. 





AVIONICS RESEARCH PRODUCTS 
division of Del Mar Engineering Laboratories 
6901 West Imperial Highway 

Los Angeles, California 90045 

Phone (213) 641-6334 


l C] Please send me the literature, | would like to I 
know more about the Avionics Dynamic Electro- 
] cardiographic Systems™ and Holter monitoring. 


i] C] Send the literature, and schedule me for a visit- ] 
ing demonstration. | am definitely interested in 
acquiring this kind of equipment. 


Please refer me to a specialized, quality-con- 
trolled, cardiologist-supervised scanning center. | 
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| Address 
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It takes one day to replace your present 
6 inch intensifier tube 
with a new Cesium lodide tube. 


Actually it takes only 2 hours, 

but we use the rest of the day for 
focusing the optics, 

adjusting dose rate levels 

and generally optimizing performance. 


A technological advance offers a thin 
Cesium lodide input screen 
combining high resolution with high 
x-ray absorption. 


During our field evaluation, one customer 
wanted to write the Nobel Prize committee, 
another simply celebrated with 

a champagne party. 
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to recording charts, 
he’s the doctor 





Who knows more about which recording paper is Sure you can get chart paper elsewhere, but not 

best for your electrocardiagraph than the company the one specifically designed and precision match- 

that made the instrument. Doesn’t it make good ed to your instrument for maximum diagnostic 

sense then, to get your recording charts from the accuracy. 

people who know most about them... your 

recording instrument manufacturer. The best is available only from your instrument 
manufacturer. 


Al N AS Fet t JA The Instrument Manufacturers’ Chartmaker 
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100 East Kinney St., Newark, N.J. 07105 (201) 589-5970 
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DYAZIDE 


Trademark 
Each capsule contains 50 mg. of Dyrenium” (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 


GETS THE WATER OUT... SMOOTHLY 
SPARES THE POTASSIUM... CONSISTENTLY 


CONTROL 


The triamterene in ‘Dyazide’ works independently of 
aldosterone, so that ‘Dyazide’ keeps working in heart 
patients even when aldosterone levels rise and plain 
thiazides tend to lose effectiveness. 


COMFORT 


With ‘Dyazide’ there’s less chance of muscle 
weakness, leg cramps and fatigue from excessive 
loss of potassium. 


ECONOMY 


Dose for dose, the cost of ‘Dyazide’ is comparable to 
that of plain hydrochlorothiazide. 





Before prescribing, turn page for information on 
indications, contraindications, warnings, precautions 
and adverse reactions. 





DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 


‘Dyazide’ can occasionally cause hyper- 


kalemia. Accordingly, serum potassium and 


BUN should be checked during therapy, 
particularly in patients with suspected or 
confirmed renal insufficiency (e.g., elderly 
or diabetic patients). If hyperkalemia 
develops, ‘Dyazide’ should be withdrawn 
and a thiazide alone substituted. 

The Dyrenium (triamterene, SK&F) compo- 
nent of ‘Dyazide’ conserves potassium. 
Therefore, dietary supplements or potas- 


sium salts should not be used with ‘Dyazide’ 


unless hypokalemia develops or dietary 
intake of potassium is markedly impaired. 


Use ‘Dyazide’ with caution during preg- 


nancy or in women who might bear children; 


its potential benefits should be weighed 
against possible hazards to the fetus. 


Before prescribing, see complete prescribing information 
in SK&F literature or PDR. 

Indications: Edema associated with congestive heart 
failure, cirrhosis of the liver, the nephrotic syndrome; 
steroid-induced and idiopathic edema; edema resistant to 


other diuretic therapy. Also, mild to moderate hypertension. 


Contraindications: Pre-existing elevated serum potassium. 
Hypersensitivity to either component. Continued use in 
progressive renal or hepatic dysfunction or developing 
hyperkalemia. 

Warnings: Do not use dietary potassium supplements or 
potassium salts unless hypokalemia develops or dietary 
potassium intake is markedly impaired. Enteric-coated po- 
tassium salts may cause small bowel stenosis with or 
without ulceration. Hyperkalemia í `> 5.4 mEq/L) has been 
reported in 4% of patients under 60 years, in 12% of 
patients over 60 years, and in less than 8% of patients 
overall, Rarely, cases have been associated with cardiac 
irregularities. Accordingly, check serum potassium during. 
therapy, particularly in patients with suspected or con- 
firmed renal insufficiency (e.g., elderly or diabetics). If 
hyperkalemia develops, substitute a thiazide alone. If 
spironolactone is used concomitantly with ‘Dyazide’, 
check serum potassium frequently — both can cause potas- 
sium retention and sometimes hyperkalemia. Two deaths 
have been reported in patients on such combined therapy 
(in one, recommended dosage was exceeded; in the other, 
serum electrolytes were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible blood dyscra- 
sias, liver damage or other idiosyncratic reactions. Blood 
dyscrasias have been reported in patients receiving 
Dyrenium (triamterene, SK&F). Rarely, leukopenia, throm- 
bocytopenia, agranulocytosis, and aplastic anemia have 
been reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thiazides are 
reported to cross the placental barrier and appear in breast 
milk. This may result in fetal or neonatal hyperbilirubi- 


nemia, thrombocytopenia, altered carbohydrate metabolism 


and possibly other adverse reactions that have occurred in 








possible hazards to fetus. 

Precautions: Do periodic serum electrolyte and BUN 
determinations. Do periodic hematologic studies in cir- 
rhotics with splenomegaly. Antihypertensive effects may 
be enhanced in postsympathectomy patients. The follow- 
ing may occur: hyperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible metabolic 
acidosis. hyperglycemia and glycosuria (diabetic insulin 
requirements may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in. surgical patients. Con- 
comitari use with antihypertensive agents may result in an 
additive hypotensive effect. 

Adverse Reactions: Muscle crarmps, weakness, dizziness, 
headache, dry mouth; anaphylaxis; rash, urticaria, photo- 
sensitivity, purpura, other dermatological conditions; 
nausea and vomiting (may indicate electrolyte imbalance), 
diarrhea, constipation, other gastrointestinal disturbances. 
Rarely, necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, and xanthopsia have occurred with thiazides 
alone. 


Supplied: Bottles of 100 capsules. 


SIS&F CO. 
Carolina, P.R. 00630 
A subsidiary of Smith Kline & French Laboratories 


WHAT WE DON’T KNOW 
ABOUT OUR DIET CAN HURT US, 
HEART PANEL FINDS 


Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources; reached in the course of its in- 
vestigation of risk factors in cardiovascular ` 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that “Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising: '* 

Helping people to choose foods wisely is 
something we've been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary information— model 
menus and recipes—so they can plan bal- 





Fleischmann's Margarines 
Box 1180 
Elm City, North Carolina 27822 


Please send me sample copies of the following 
publications: 


L "Dietary Control of Cholesterol" 
O Low-Sodium Diets Can Be Delicious” 
O "The Prevention of Heart Disease Begins 








anced family meals low in cholesterol and ee 
saturated fats, and you don't need to spend oe 

as much of your own time in explanation. If ee 

you would like sample copies to give your 

patients, just fill out and mail the coupon, y 

and we'll be happy to oblige. E ap 


Allow 4 to 6 weeks for delivery. Orders without ZIP code 
cannot be accepted. Offer good only in U.S.A. Void where 
prohibited or restricted by law. 


Fleischmann's Margarine ver 


*Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 
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Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myocardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls by a 
nonspecific antiarrhythmic action. 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 





Brand of 





the beta-adrenergic blocking agent 


Inderal 


propranolol hydrochloride 


10mg. and 40mg. Tablets 
Img./cc. Injectable 


(See following page for Brief Summary.) 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


Inderal’ 
(propranolol hydrochloride) 





BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), 
THE PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH 
THE BASIC CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 





INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
c) Atrial flutter and fibrillation 
In the majority of cases of flutter or fibrillation, a beneficial effect is ob- 
tained by the reduction of ventricular response (reduced ventricular rate) 
to the atrial tachyarrhythmia by partial A-V block. Occasionally, normal 
sinus rhythm may be restored, but the mechanism of this action is un- 
known. 
d) Tachyarrhythmia of digitalis intoxication 
Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. 
Digitalis-induced tachyarrhythmias are usually reversible within minutes 
by INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance with oral therapy is indicated, (See Dosage and Administra- 
tion.) 
e) Tachyarrhythmias associated with anesthesia 
Tachyarrhythmias during anesthesia may sometimes arise because of car- 
bon dioxide accumulation, surgical stimulation, or catecholamine admin- 
istration, When usual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL should not be used to 
treat arrhythmias associated with anesthetics that produce myocardial de- 
pression, for example, chloroform and ether. 
f) Ventricular tachycardias 
When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may 
be given intravenously slowly and in low dosage. (See Dosage and Ad- 
ministration.) Although risks must necessarily be taken to control the ar- 
rhythmia in these cases, the cautious use of the drug will reduce them to a 
minimum. Care in the administration of INDERAL and constant monitoring 
with an electrocardiograph is essential, as the failing heart requires some 
sympathetic drive to maintain myocardial tone. 
g) Occasionally in severe tachyarrhythmias, the reduction of ventricular 
rate with use of INDERAL may permit a more accurate electrocardiographic 
diagnosis of the arrhythmia. 
2) HYPERTROPHIC SUBAORTIC STENOSIS 
INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3) PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
tumors, but do not prevent excessive cardiac stimulation by catechola- 
mines. However, INDERAL should always be used concomitantly with 
alpha-receptor blockaders since antagonism of the dilator (beta) action of 
epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
operable or metastatic pheochromocytoma, INDERAL is a useful adjunct 
to the management of symptoms due to excessive beta-receptor stimulation. 

CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second 
degree or total heart block; 4) cardiogenic shock; 5) right ventricular fail- 
ure secondary to pulmonary hypertension; 6) congestive heart failure (see 
under WARNINGS) unless the failure is secondary to a tachyarrhythmia 
treatable with INDERAL, i.e. some patients with congestive failure exhibit- 
ing rapid heart rates due to a strong sympathetic component, with in- 
adequate response to maximum doses of digitalis and diuretic, may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that produce myocardial depression 
such as chloroform and ether; 8) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 
WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a significant component in 
supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depres- 
sing myocardial contractility and precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover 





of concurrent digitalization. “INDERAL (propranolol hydrochloride) acts 
selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e. that of supporting the strength of myocardial contractions). 


In patients without a history of cardiac failure, continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed during INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized, and the response observed closely: 
(a) if cardiac failure continues to progress, INDERAL therapy must be 
immediately withdrawn; (b) however, if tachyarrhythmia is being con- 
trolled, patients should be maintained on combined dosage and the patient 
closely followed until threat of cardiac failure is over. 


PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised in 
the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or 
oral hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pulse pressure changes) of acute hypoglycemia. 


USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established. Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should 
‘be closely observed when INDERAL is introduced into the treatment regi- 
men. The added catecholamine blocking action of this drug may then pro- 
duce an excessive reduction of the resting sympathetic nervous activity. 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
tacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 

In the majority of patients INDERAL is well tolerated, and side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Nausea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and fa- 
tigue) have been observed during the course of clinical investigation. One 
case of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined with aching and 
sore throat, visual disturbances, and hallucinations have also been re- 
ported. Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL. 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 


tablished. 
DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 
ORAL 
Arrhythmias—10-30 mg. three or four times daily, before meals and at 
bedtime. 
Hypertrophic Subaortic Stenosis—20-40 mg. three or four times daily, before 
meals and at bedtime. 


Pheochromocytoma—Preoperatively—60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent._Management of inoperable tumor—30 mg. daily in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rate of administration should not exceed 1 mg. (1 cc.) per minute. Suffi- 
cient time should be allowed to enable a slow circulation to carry the 
drug to the site of action. Once an alteration in rate of rhythm is recorded, 
it is advisable to give no further INDERAL until the full effect is observed. 

Depending on the response, a second dose may be repeated after two 
minutes. Additional medication should not be given in less than four hours. 
Therapy with oral dosage is advisable as soon as possible. 
NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 
Inderal® 
(propranolol hydrochloride) 

TABLETS-—No. 461—Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. 
No. 464—Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 
INJECTABLE-No. 3265—Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Sup- 
plied as: 1 cc. ampuls—Boxes of 10. 


A AYERST LABORATORIES 
l@} New York, N.Y. 10017 


INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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HP’s nurse knows 
patient monitoring... 
and how to help you. 


You know what a nurse wants to know about 
critical care monitoring instrumentation, when y 
have been there. Maryanne Schreiber, one of F 
medical customer specialists, has been there - 
for five years at New York’s Mt. Sinai as head nu 
of the cardiac surgical ICU ... in critical care un 
of other hospitals in New York, California, Floric 
and New Jersey .. . and by currently working ar 
eight-hour shift each week in a major medical 
center in Boston. 


Maryanne’s job is to teach, and to listen — to | 
a knowledgeable, communicative liaison betwee 
technology and the medical community. When s 
describes new instrumentation techniques at HI 
Seminars for Nurses, she knows what's on the 
nurses’ minds — because she is a working critic 
care nurse herself. By drawing on her own 
experience and that of hundreds of other nurses 
the U.S. and foreign hospitals she visits, Maryal 
can share valuable knowledge with many nurses 
and with the engineers who design HP instrume 
This way your suggestions, ideas and criticism 
reach us firsthand through Maryanne. 


This constantly-open channel of communicati 
with you is one of the ways we try to meet 
medicine’s needs directly. Let us know how we m 
help you today: call or write Hewlett-Packard, 17 
Wyman Street, Waltham, Mass. 02154. In Europe 
HPSA, P.O. Box 85, CH-1217 Meyrin-2, Geneva. 


HEWLETT hp, PACKARD 


John R., lying down 
to sleep was a real 
eye-opener. 


w 
Ea 





"B.A., cum laude 
Ph.D. in the making. 


But until recently, it looked as if 
he might not make it. His prob- 
lem: insomnia. Clinically con- 
firmed. Unwanted wakefulness 
every night. It was wreaking 
havoc with his studies. And with 
his personal relationships, too. 
buaalude®-300 (methaqualone) helped solve John 
.'S problem...but under rather unusual circum- 
ances. 

John R. volunteered to participate... along 
ith nine other confirmed insomniacs...in a sleep 
udy' of experimental design, single blind, to evalu- 
te Quaalude-300 against a placebo. Sequentially, 
ere were three placebo nights, followed by three 
rug nights, followed by four placebo nights. EEG 
bcordings were obtained continuously from 2300 to 
600 hours. He returned for a second period of 10 
ays three weeks later. 

Goldstein, et a/.,? reported that two statis- 
cally significant benefits of Quadlude-300 were 
pparenfr this particular study. 

Time ded for the insomniacs to fall asleep was 
reduced. 

Intermittent periods of wakefulness.. 
among insomniacs.. 
was used. 

Other clinical studies, plus experience in 
edical practice throughout the world, have estab- 
shed the therapeutic value of non-barbiturate 
ethaqualone: Quaalude can induce sleep in 10 to 
O minutes; it usually helps produce 6 to 8 hours 

restful sleep: Quaalude patients usually awaken 
asily and without evidence of “hangover.” 

Side effects reported have been mild, tran- 
ent, and have often proved to be statistically 
significant when compared to placebo effects. 
ychological dependence occasionally occurs, 
ysicaiidependence rarely reported. (See Brief 
mmaliinf Prescribing Information.) 

aybe your patients can benefitas John R. 
d, by your prescribing Quaalude. 


.so common 
.were shorter when Quaalude 


Indications: Sleep. Daytime sedation. 


Usual Adult Dose: For s/eep, 150-300 mg. at bedtime. For pa 
tients previously on other hypnotics, 300 mg. ce to seve 
nights. For sedation, 75 mg. t.i.d. or q.i.d. Not re mended i 
children. Dosage should be individualized for aged, debilitated 
or highly agitated patients. 


Overdosage: Acute overdosage may result in delirium and coma 
with restlessness and hypertonia, progressing to iat 


Evacuate gastric contents, maintain adequate ventilatio 
support blood pressure, if necessary. Dialysis may be hetpful 
Analeptics are contraindicated. Succinylcholine accoopanieq 
by assisted respiration has been proposed for prolory d con 
vulsions. Overdoses of methaqualone appear to be IESS ofter 
associated with cardiac or respiratory depression than are over- 
doses of oral barbiturates, but shock and respiratory arrest ma 
occasionally occur. 


Contraindications: Contraindicated in women who are or ma 
become pregnant; or patients with known hypersensitivity. 


Warnings: Take hypnotic dose only at bedtime. Not recom 
mended in children. Warn patient on Quadlude® (methaq ne 
against driving a car or operating dangerous m nef 
needed when administered with other AN 5 
psychotropic drugs or alcohol because of possi a 

fects. Pending longer clinical experience, Quāālude s 

be used continuously for periods exceeding three mont 
chological dependence occasionally occurs. Physical 


ence rarely reported. However, caution needed with addiction 
prone patients. 


Precautions: Use with caution and prescribe small 
patients with anxiety states where impending de 
suicidal tendencies exist. Give in reduced doses, if < 
tients with impaired hepatic function. 


"in pa 


Adverse Reactions: Neuropsychiatric: headache, hangover, fa 
tigue, dizziness, torpor, transient paresthesia of the extremities | 
An occasional patient has experienced restlessness or anxiety. 
Hematologic: aplastic anemia possibly related to methaq 

has been very rarely reported. Gastrointestinal: dry mau 

rexia, nausea, emesis, epigastric discomfort, diarrhea 

tologic: diaphoresis, bromhidrosis, exanthema. Urti 

been particularly well documented. 


Supplied: Quāālude-150 (150 mg. white, scored tablets). 
Quaalude-300 (300 mg. white, scored tablets). 


Consult complete literature before prescribing. 
1. A Comparative Study of the Effects of Methaqualone...on Sleep in Male’ 


Chronic Insomniacs, Goldstein, L. et al.: J. Clin. Pharmacol. 10: 258- 
268, 1970 


2.An Analysis of Effects of Methaqualone...on Sleep in Insomniac Sub-| 
jects, Goldstein, L. et al.: Res. Communications in Chem. Path. and 
Pharmacol. 2: 927-933, 1971. 


a non- or 


Quaalude: eae 


For a good morning after a sleep-through night. 


WILLIAM H. RORER, INC. $ 
Fort Washington, Pa. 19034 





Excessive anxiety in ‘he 


The Somatic Protest 


Although he has valid reason for con- 
cern, the person convalescing from myo- 
cardial infarction may react to his illness 
with disproportionate anxiety, which can 
hinder smooth recovery and rehabilita- 
tion. Undue anxiety and emotional 
tension may, in some patients, markedly 
increase catecholamine excretion during 
stay in, and on day of transfer from, the 
CCU, causing increased heart rate, in- 
creased cardiac output and intensified 

oxygen consump- 

tion by heart muscle. 
Excessive anxiety 
can (1) increase feel- 
ings of frustration at 
forced inactivity, (2) foster undue preoc- 
cupation with heart function, (3) diminish 
capacity to tolerate prospect of work 
stress and (4) retard rehabilitation. A 
calm outlook and reduction of excessive 
emotional stress are thus desirable. 

Adjunctive anti- 
anxiety medication, 
when needed to 
complement coun- 








Post inferior wall 
myocardial infarct. 
Right bundle branch block. 










assurance, 
should be 
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postcoronary patient... 


both effective and comparatively free 
from undesirable side effects. Extensive 
clinical experience has demonstrated 
that Librium (chlordiazepoxide HCI) ful- 
fills these requirements with a high 
degree of consistency. 

Librium has an outstanding record 
of effectiveness with safety. After more 
than 12 years of wide clinical use, expe- 
rience with Librium continues to reflect 
its highly favorable therapeutic index. In 
general use, the most common side 
effects reported have been drowsiness, 
ataxia and confusion, particularly in the 
elderly and debilitated. At the physician's 
discretion, Librium may be administered 
for extended periods, without diminution 
of effect or need for increase in dosage. 
When treatment is prolonged, periodic 
blood counts and liver function tests are 
advisable. When anxiety has been re- 
duced to tolerable levels, Librium therapy 
should be discontinued. 


For moderate to severe 
anxiety adversely affecting 
cardiac function 


; „adjunctive 
Librium 10 mg 
(chlordiazepoxide HC) 
10r 2 capsules tid/gid. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N. J. 07110 


Please see following page for summary of product information. 
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adjunctive 


Before prescribing, please consult 
complete product intormation, a summary 
of which follows: 

Indications: Indicated when anxiety, 
tension and apprehension are significant 
components of the clinical profile. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about 
possible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against 
hazardous occupations requiring complete 
mental alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (inciuding convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to small- 
est effective dosage (imitially 10 mg or less 
per day) to preclude ataxia or oversedation, 
increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, 
if combination therapy with other psycho- 
tropics seems indicated, carefully consider 
individual pharmacologic effects, particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treatment 
of anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures necessary. 
Variable effects on bload coagulation have 
been reported very rarely in patients receiv- 
ing the drug and oral anticoagulants; causal 
relationship has not been established 
Clinically. 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libido 
—all infrequent and generally controlled 
with dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; blood 
dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been 
reported occasionally, making periodic 
blood counts and liver function tests advis- 
able during protracted therapy. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Ora/—Adults: 
Mild and moderate anxiety and tension, 5 or 
10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxide 
HCI) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose® 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500. With respect to 
clinical activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Adjunct to cardiovascular drug therapy 

Librium (chlordiazepoxide HCl) is used concomitantly 
with certain specific medications of other classes of drugs, 
e.g., cardiac glycosides, diuretics and antihypertensive agents, 
whenever anxiety is a clinically significant factor. 


for relief of excessive anxiety in functional 


and organic cardiac disorders 


Librium 


(Chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 


Other defibrillators 
give you more: 


More weight. 
ore complexity. 
More cost. 


Take weight. The Gould is 
the lightest and most portable defibrillator you can buy. 
Look what our heaviest model packs into just 25 pounds: 
Up to 300 watt-seconds of energy, and 60 shocks, from 
just one battery charge. A built-in scope showing clear, 
readable ECG waveforms. And a built-in synchronizer 
for cardioversion. 

Take complexity. Even though it has all the features of 
a console, our defibrillator is extremely simple to oper- 
ate. And safe. Because it has a fail-safe switching device 
to protect against accidental discharging. A built-in 
automatic test circuit to verify full effective energy out- 
put. And special batteries you can’t damage by complete 





and repeated discharging. 

Take cost. It’s so low you can probably afford several, 
in locations where they'll be needed. In coronary care 
units. Surgery. Recovery and emergency rooms. Labor 
rooms. Medical wards. Or any other area where cardiac 
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Or Rue Van Boeckel 38, Brussels 1140 Belgium. 





MEDICAL SYSTEMS 


=" GOULD 


A-35 


VIDA... Life for hearts too good to die 





The emperor in Ancient China trusted his Pekingese dogs to 
protect him from stealthy attack. Brave and fiercely loyal 
beyond their diminutive size, the “lion dogs” never left their 
royal master’s side. No commoner was allowed to own a peke, 
on penalty of death. 


Modern man has VIDA to watch over him. Everyone with heart 
trouble can now have a pocket-sized monitor to warn him if 
ventricular fibrillation, the silent killer, is imminent. Triggered by 
VPCs or abnormal rate, the alert should give time for life-saving 
therapy. 


ere 
R by 8 





Second of a series. Reproductions suitable for framing on request. 


For details, write: to: 


LE a "CARDIÖDYNAMICS -VIDA MEDICAL SYSTEMS 


6841 Dublin Boulevard, Dublin, California 94566 (415) 828-9400 








The American Journal of CARDIOLOGY 





VOLUME 30 


NUMBER 3 





“Clinical Studies 


-Pheochromocytoma 


Fine Structural, Biochemical and Clinical Observations 


NIKLAUS T. LAUPER, MD 
GERTRUDE M. TYCE, PhD 
SHELDON G. SHEPS, MD, FACC 
J. AIDAN CARNEY, MB, BCh 


Rochester, Minnesota 


From the Mayo Clinic and Mayo. Foundation, 
Rochester, Minn: Manuscript received Janu- 
ary 3,1972, accepted February 18, 1972. 

<: Address for reprints: Section of Publica- 
tions, Mayo Clinic, Rochester, Minn. 55901. 


Tumor fine structure, tumor catecholamine content, and clinical tind- 
ings were correlated in 17 patients with pheochromocytoma. Tumor 
catecholamine content ranged from 26 to 1,800 mg, norepinephrine 
comprising 20 to 100 percent of the total. ‘Normetanephrine and 

metanephrine concentrations. averaged 1 percent or less of those of 
norepinephrine and epinephrine. Electron micrographic analysis i 
showed that each tumor was composed of light and dark cells, both 

cell types being capable of storing norepinephrine and epinephrine 

granules simultaneously. The number of norepinephrine and epi- 

nephrine granules: showed positive correlation with the biochemi- 

cally determined quantities of tumor norepinephrine and epinephrine 

(r = 0.92, P <0.001). Granule population density was proportionate 
to tumor catecholamine concentration (r = 0.68, P <0.01). No cor- 

relation was found between the clinical symptomatology and the fine 

structure, the latter being similar in patients with paroxysmal and 

sustained hypertension as well as in 2 patients with asymptomatic 
pheochromocytoma. No morphologic evidence was found to sub- 

stantiate the existence of functionally different types of pheochromo- 

cytoma. The morphology rather suggested catecholamine synthesis 

and storage as the primary function of pheochromocytes. 


Recent electron microscopic descriptions of pheochromocytoma have 
indicated a rather uniform tumor structure characterized by the 
presence of 2 populations of cells, light and dark.1-14 Tumor cells 
closely resemble normal adrenomedullary cells, storing catecholam- 
ines in organelles called granules or vesicles. With glutaraldehyde 
fixation, norepinephrine granules display a homogeneous black core 
which tends to lie eccentrically in a frequently nonspherical vesicle. 
Epinephrine granules exhibit a much less osmiophilic, gray granular 
content which evenly fills a spherical vesicle. Pure norepinephrine 
and pure epinephrine pheochromocytomas, respectively, contain 
granules exhibiting norepinephrine and epinephrine morphology, 
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TABLE I 
Clinical Data in 17 Cases of Pheochromocytoma 





Preoperative Blood Pressure 








Duration of Follow- 
Age (yr) Symptoms my Hs) aca l 
Case no. & Sex (yr) Leading Symptoms, Associated Condition Mean Paroxysm (mo) 
1 66M Da Asymptomatic 135/75 ka 18 
2 45M ee Asymptomatic 156/95 sg 36 
3 64F 8 "Spells" * 138/84 270/120 24 
4 55M 15 “Spells” 145/95 sek 29 
5 42M 3 “Spells” 147/99 190/130 20 
6 78M 8 “Spells” 160/95 aie 15 
7 53F 2 “Spells” 106/78 220/130 23 
8 43M 1 “Spells” 150/78 abs 24 
9 38F 3 “Spells,” neurofibromatosis 145/100 240/160 22 
10 57F 10 “Spells” 135785 saw 25 
11 52M 15 “Spells” 168/97 280/150 19 
12 55M 21 Sustained hypertension 133/106 siete 21 
13 58F 2 Diabetes mellitus, 148 /65 230/60 10 
hypermetabolism, ‘‘spells’”’ 
14 57F 13 Sustained & paroxysmal 160/95 230/130 18 
hypertension 
15 40M 29 Sustained hypertension, 160/95 im 39 
“spells” for 2 years p 
16 49F 2 Sustained & paroxysmal 208/128 229/120 3 
hypertension 
17 58F 1 Abdominal! mass; 2years 130/90 8 24 
later femoral metastasis 130/95 wise 34t 


e ann enipsiietisetaitaneseeeteamenmecntnnttentttttmemmnmnemmrerti 
* “Spells” = short-lived episodes of headache; perspiration, and:palpitation. 


+ Dead. 


whereas mixed norepinephrine and epinephrine tu- 


mors contain both granule types, which have been 
said to be compartmented into distinct norepineph- 
rine and epinephrine cells.13 

Due to the rarity of pheochromocytoma and the 
difficulty of obtaining satisfactory tissue preservation 
for electron microscopy, only a few attempts have 
been made to correlate tumor ultrastructure with 
biochemical and clinical data.*-9:14 This study of 17 
patients with pheochromocytoma was undertaken in 
order to analyze the ultrastructure of pheochromocy- 
toma for morphologic evidence of synthesis, storage 
or release of catecholamines; to correlate the mor- 
phologic observations with the clinical presentation; 
and to determine whether a relation could be estab- 
lished between the percentage of norepinephrine and 
epinephrine granules in electron micrographs and 
the percentage of tumor norepinephrine and epi- 
nephrine determined biochemically in the tumors. 


Material and Methods - 


Clinical material: Tumor tissue for electron microsco- 
py and biochemical assay was obtained from 17 patients. 
Clinical data including patient. age, sex, symptoms, asso- 
ciated clinical conditions. and preoperative blood pressure 
are summarized in Table I Nine patients presented with 
the classic triad of short-lived episodes of headaches, per- 
spiration and palpitations (“spells”). Sustained hyperten- 
sion was found in 4 patients. Two patients were asympto- 


matic. One patient had rare “spells,” hypermetabolism 
and diabetes. 

Follow-up examinations postoperatively gave no clinical 
or biochemical evidence of residual functioning tumor in 
Cases 1 through 16. In Case 17 a femoral metastasis from 
a paraaortic pheochromocytoma was examined by electron 
microscopy, but.not biochemically. 

Preoperative management consisted of alpha adrenergic 
blockade with phenoxybenzamine in all patients. In Cases 
5, 6, 8, 9, 14 and 16 beta adrenergic blockade with propran- 
olol was instituted after the effect of phenoxybenzamine 
had been established. 

Biochemical methods: The urinary excretion of total 
(free and conjugated) catecholamine was determined fluo- 
rometrically,}5 and vanillylmandelic acid and homovanil- 
lic acid by paper chromatography.1® Pisano’s method?? 


~ was used to measure the urinary excretion of the total me- 


tanephrines. 

Tumor specimens for biochemical determinations were 
collected in powdered dry ice. Norepinephrine and epi- 
nephrine were extracted by the method of Sobel and 
Henry.18 Catecholamines were determined by the method 
of von Euler and Lishajko.15-Metanephrines were isolated 
after homogenization of tumor tissue in O.1N hydrochloric 
acid, adjustment to pH 10 and extraction into isoamyl al- 
cohol. The organic phase was extracted again with 0.1N 
hydrochloric acid and the acid extract evaporated to dry- 
ness.19 Metanephrines in these residues were estimated by 
the gas chromatographic method of Greer et- al.20 

Electron microscopic methods: Up to 10 tissue blocks 
measuring less than 1 mm? were procured in the operating 
room immediately upen removal. of each tumor, and 
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TABLE I : 
k Urinaty Excretion of Catecholamines (CA), Metanephrines (MN), and Vanillyimandelic Acid (VMA), Tumor Weight, Total 
Catecholamine Content and Tumor Concentration of Norepinephrine (NE), Epinephrine (E) and Normetanephrine (NMN) 
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Urinary. Catecholamine & Metabolites* 





VMA 














CA MN Tumor Tumor Catecholamine & Metabol ites 
Gase _(we/eh hv) Se, «I Weight Total NE E MN NMN 
= ho. u9 (338) 0.5} (1.3) 2.6t (6.5) (8) (mg)  (mg/® (mg/g) (ug/g) (ug/g) 
1 520 530 7.4 9.5 2.9 4.3 34 143 4.2 0 a re 
2 1320 1930 8.5 9.5 12.5 22.0 79 300 3.8 0 0 17.4 
-3 1A See 2.2 2.0 dine ats 12 40 “3.0 0.3 i vies 
4 272 650 5.1 6.2 6.8 8.0 64 700 6:5 44 Tr Tro 
5 680 1290 9.5 9.7 16.8 13.6 98 314 2.6 0.6 Tr 31,1 
6 360 320 5.5 6.0 24.4 16.0 89(211)t 300 1.06 2.31 i 
7 342 oh 5.8 5.3 7.6 eS 43 366 5.0 3.5 
8 5660 3780 23.6 22.6 45.0 44.68 205 1804 8.0 0.8 
9 6550 2235 24.2 22.4 196.0 44,7 161(180)t 1542 6.77 2.81 
10 228 380 3.5 3.7 3.9 3.2 63 133 0.42 1.69 
11 710 790 12.7 12.4 6.9 9.4 114 923 2.8 5.3 
12 ge 323 1.8 2.6 2.0 4.3 30 157 1.04 4,2 eee fae 
13 1760 2110 7.8 0.58 12.3 8.7 68 51 0.28 0.47 Tr 0 
14 650 730 0,51 5.7 7.8 8.4 123 1255 3.8 6.4 52.0 52.6 
15 1255 ne 5.3 eee 3.9 Ta 15 26 1.68 0.05 is ahaa 
16 1360 1820 8.6 8.0 19.6 21.8 186(225)t 63 0.33 0.01 25.5 0 
17 1000 328 29.9 15.2 41.9 30.3 355 1171 2.7 0.6 
Metas 
tasis 279 5,9 5.9 1 


4 » eae . nee . ene nee wae nae nae e. 


* Values on 2 occasions given. 


t Normal values given as mean (upper limit of normal in parentheses is 3 standard deviations). 


ł Tumor weight prior to sectioning in parentheses. 
-§Homovanillic acid excretion was 18 eel hr (normal = 
Tr= trace. 


“quickly fixed in 2 percent glutaraldehyde buffered in 
0.05M. phosphate for 4 to 6 hours. After several washes in 

CROM phosphate buffer, the specimens were postfixed in 2 
„percent osmium tetroxide, rapidly dehydrated in graded 

alcohols, and embedded in Epon 812. Thick sections for 

light microscopy were stained with Azure II-methylene 
blue. Thin sections were cut with glass or diamond knives 
on a Porter-Blum microtome, mounted on copper grids 
and stained with dilute lead citrate.21 Electron micro- 
scopic observations were made with an RCA electron mi- 
croscope. 


Results 


Surgical findings: In all cases a single well 
encapsulated pheochromocytoma was found at oper- 
ation; although there was no evidence of metastatic 
tumor at the time of operation, 1 patient (Case 17) 
eventually died of metastatic pheochromocytoma. 
An average of 5 minutes elapsed between the time of 
ligation of the veins draining the tumors and subse- 
quent interruption of the arterial supply just before 
removal of the tumors. As a result, many tumors 
were engorged with blood, large tumors being espe- 
cially tense and congested. Slicing such tumors re- 
sulted in a gush of blood and loss of 25 to 60 percent 

“of the gross weight of some tumors (Table II). 

Effect of glutaraldehyde fixation: The leaching 

effect of glutaraldehyde on epinephrine as compared 


less than 8 mg/24 hr). 


with norepinephrine was studied in Case 16. At the 
end of primary fixation, the glutaraldehyde solution 
contained 0.0043 mg epinephrine per gram of tumor 
fixed, which is 43 percent of the total tumor epi- 
nephrine content as determined in other tumor sam- 
ples (0.01 mg/g). On the other hand, the norepi- 
nephrine content of the glutaraldehyde solution was 
0.0044 mg/g tumor, which was only 1.3 percent of 
the total tumor norepinephrine concentration (Table 
ID. 

Light microscopy: Light microscopy of Epon- 
embedded material showed that each tumor consist- 
ed òf a mixture of light and dark cells irrespective of 
biochemically determined proportion of tumor nor- 
epinephrine to epinephrine. Light cells were large, 
polygonal or ellipsoidal in shape, and arranged side 
by side with minimal intercellular material. There 
were 2 subgroups of dark cells; some had the same 
cell shape and size as the light cells, the intensity of 
their staining being due to crowding of the cyto- 
plasm with dark blue granules: other dark cells were 
degenerating, as evidenced by a shrunken cell body. 
and a spider-like configuration with long cytoplasmic: 
arms extending between adjacent light cells. 

Electron microscopy: The fine structure. was 
fairly uniform in Cases 1 through 16, permitting de- 
scription of features common to the group. Each 
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Figure 1. Light cells (L) contain numerous spherical os- 
miophilic granules, occasional mitochondria, and scattered di- 
lated vesicles. Two shrunken degenerated cells (D), one of 
which contains a pyknotic nucleus (N), are seen (X 5,000, re- 
duced by 5 percent; scale = 1 yu). 
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tumor was composed of a mixture of light and dark 
cells (Fig. 1 and 2). 

Light cells: These cells displayed the same gener- 
al configuration seen by light microscopy (Fig. 2). 
Frequently, nuclear chromatin was concentrated 
along the nuclear membrane leaving translucent cen- 
tral spaces suggesting some degree of autolysis. The 
most frequently encountered type of light cell ob- 
served in Cases 1 through 14 and in Case 16 was that 
filled with osmiophilic granules and containing an 
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Figure 3. Vesicle (NE) containing a normal quantity of os- 
miophilic material in close apposition with cell membrane (cm). 
Other vesicles (V) close to cell membrane appear empty. (X 
53,000, reduced by 5 percent; scale = 0.1 4). 
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Figure 2. Granule-depleted light cells (L) at center and right 
contrast with granulated light cells (L) at left. The former con- 
tain prominent fields of rough endoplasmic reticulum (ER) and 


scattered lysozymes (LY). Two degenerating cells (D) are 
present (X 6,000, reduced by 5 percent; scale = 1 y). 





inconspicuous Golgi zone consisting of a few cister- 
nae only. Mitochondria were not numerous and were 
mostly swollen. The endoplasmic reticulum was 
rarely conspicuous. In those cases with the best tissue 
preservation, elongated pear-shaped vesicles in close 
contact with the cell membranes were observed. 
Some of these vesicles were filled with osmiophilic 
material, others were empty and partially collapsed. 
Empty vesicles were not restricted to the region of 
the cell membrane; they were also scattered through- 
out the cytoplasm. 

Vacuolated, predominantly granule-depleted light 
cells were rarely encountered. However, they com- 
prised the bulk of the tumor in Case 15 (Fig. 2), in 
which most of the cells contained only a few os- 
miophilic granules and many empty vesicles lined up 
close to the cell membrane (Fig. 3). Abundant mito- 
chondria, prominent areas of rough endoplasmic re- 
ticulum, and large Golgi zones were found in the ma- 
jority of these cells. The Golgi vesicles were empty or 
contained minute amounts of dense osmiophilic ma- 
terial. 

Dark cells: These cells also stored a variable 
number of granules (Fig. 4). Many cells seemed to 
consist entirely of granules, other intracellular struc- 
tures being largely obscured. In some instances, the 
cytoplasm had lost most of its structure and dis- 
played a dense coarse osmiophilic background in 
which remnants of granules and a few mitochondria 
were distinguishable. Such dark cells displayed 
marked shrinkage of their cell body and nucleus, the 
latter being hyperchromatic and structureless, and 
were clearly degenerating (Fig. 1). 

Catecholamine granules: Two types of granules 
similar to those in normal adrenomedullary tissue 
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Figure 4. Portion of a dark cell (D) crowded with epinephrine- 
type granules (E) bordering on a light cell (L). Granules are 
round and filled with coarse material of variable osmiophilia 
which is separated from surrounding membrane by an optically 
empty rim (X 34,000, reduced by 5 percent; scale = 1 u). 


were present in tumor cells. Norepinephrine granules 
were polymorphous (round, oval or comma-shaped) 
with an eccentrically situated, dense structureless 
black core (Fig. 5). Epinephrine granules were strik- 
-ingly different. They were round or slightly oval and 
evenly filled with gray granular material (Fig. 4). 
Their osmiophilia was highly variable—light to dark 
grays being observed, the central area occasionally 
containing a black core. The epinephrine vesicle 
membrane was often separated from the osmiophilic 
content by a peripheral optically empty rim. 


TABLE Ill 


Data on Tumor Catecholamine and Tumor Granule Content 





Tumor Catecholamine 


Total 
Case Content NE E no./ NE E no./ 
no. (mg) (%) (%) tumor (%) (%) r 
E e an dey Re Ske ee ie a O aN 





Granules 





1 143 100 0 582 99 1 352 
2 300 100 0 615 99 1 1.8 
3 40 91 9 274 91 9 15 
4 700 60 40 597 49 51 3:2 
5 314 81 19 171 96 4 1:8 
6 300 31 69 542 19 81 3.3 
7 366 59 41 1242 87 13 aoe 
8 1804 91 9 626 98 2 3.3 
9 1542 71 29 801 78 22 3.2 
10 133 20 80 320 5 95 a2 
11 923 35 65 470 7 93 3.5 
12 157 20 80 966 30 70 2.3 
13 51 37 63 1017 19 81 2.2 
14 1255 37 63 948 48 52 3.8 
15 26 98 2 389 82 18 2:5 
16 63 97 3 661 90 10 2.2 
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Figure 5. Round and oval norepinephrine granules (NE), sev- 
eral with an eccentrically situated, dense. structureless black 
core; M = mitochondrion (X 36,000, reduced by 5 percent; 
scale = 1 yu). 


Data concerning total tumor catecholamine con- 
tent, the percentage of norepinephrine and epineph- 
rine, total number and percentage of norepinephrine 
and epinephrine granules counted per tumor, and 
the number of granules per square micron of tumor 
are presented in Table III. There was positive corre- 
lation between the percentage of norepinephrine 
granules and the percentage content of norepineph- 
rine in the corresponding tumors (correlation coeffi- 
cient 0.92, P <0.001). 

Predominantly or exclusively norepinephrine-stor- 
ing tumors exhibited mainly norepinephrine granules 
in both the light and the dark cells. Tumors with a 
high concentration of epinephrine stored mainly epi- 





ie 2? a. 





Figure 6. redominantly norepinephrine-containing pheochro- 
mocytoma showing in same cell several epinephrine granules 
(E) in addition to norepinephrine granules (NE) (X 35,000, re- 
duced by 5 percent; scale = 1 1). 
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nephrine granules in both cell types. Thus, the light 
and dark cells were capable of storing both granule 
types. In tumors with about equal proportions of 
norepinephrine and epinephrine, it was readily ap- 
parent that light and dark cells contained both nor- 
epinephrine and epinephrine granules, indicating 
that the 2 cell types could store both types of gran- 
ules simultaneously (Fig. 6). 

The granule population density per square micron 
for each tumor is presented in Table III. Positive cor- 
relation was found between total granule population 


density per square micron and the catecholamine. 


concentration (r = 0.68, P <0.01). 

Biochemical analysis: Data concerning urinary 
excretion of catecholamine, tumor weight, total 
catecholamine content and norepinephrine and epi- 
nephrine concentrations are included in Table IJ. 


Discussion 

Correlation of fine structure and symptomatolo- 
gy: This study largely confirms the ultrastructural 
appearance of pheochromocytoma described by Tan- 
nenbaum!8 and Yokoyama and Takayasu.14 The 
vast majority of cells in each tumor were filled with 
osmiophilic granules and displayed few other organ- 
elles (Fig. 1). These cells closely resembled normal 
catecholamine-storing adrenomedullary cells. Tumor 
cells with evidence of catecholamine secretion (de- 
granulation, vacuolization) or synthesis (prominent 
Golgi zones with osmiophilic material in the sur- 
rounding buds and vesicles) were rarely seen. The 
fine structure thus did not correlate with the clinical 
symptomatology, and was similar whether the pa- 
tient presented with paroxysmal or sustained hyper- 
tension, with spells of headaches, perspiration and 
palpitation, with or without hypertension, with 
hypermetabolism, or even without symptoms (2 pa- 
tients). Although neither Tannenbaum? nor Yoko- 
yama and Takayasu!‘ in their respective studies in- 
clude data on patients’ symptomatology, there are 
several case reports of pheochromocytoma describing 
the same fine structural appearance of tumor in pa- 
tients with sustained or paroxysmal hyperten- 
sion.&8.11 Morphologic corroboration is thus lacking 
for the clinical impression that intermittently se- 
ereting tumors produce paroxysmal hypertension 
and that continuously secreting pheochromocytomas 
produce sustained hypertension.??-23 Tables II and 
HI show a similar lack of correlation between the 
clinical findings and the tumor content of epineph- 
rine and norepinephrine as well as the amount of 
catecholamines or metabolites excreted in the urine; 
for example, asymptomatic patients investigated be- 
cause of an incidental. mass in the adrenal area dis- 
covered by excretory urography could not be distin- 
guished from those patients with the full symptom 
complex of hypertension and paroxysmal headache, 
perspiration, palpitation and pallor. 

Interpretation of the morphologic observations 
must be made with caution for several reasons. 
First, morphologic evidence of synthesis or secretion 
is difficult to interpret if the turnover rate of 





catecholamine is rapid. Using radioactive dopamine, 
the half-life of norepinephrine has been found to be 
in the order of hours.*4 If this finding is applicable to 
the metabolism of catecholamine in all tumors, then 
the appearance of the granules (whether filled with 
an osmiophilic content or partially empty or vacu- 
olated) would reflect changes occurring in the gran- 
ules during surgery. Second, there is a possibility 
that the observed fine structure might have been al- 
tered by. inhibition of catecholamine secretion pro- 
duced by adrenergic blocking agents. All patients in 
this series were treated with the alpha blocking 
agent phenoxybenzamine; 6 patients were also ad- 
ministered the beta blocking agent propranolol. Al- 
though these agents do not interfere with the urinary 
excretion of catecholamine in patients with 
pheochromocytoma, there is some experimental evi- 
dence suggesting that both alpha and beta adrener- 
gic blocking agents interfere with catecholamine up- 
take and release.2*-27 However, there was no differ- 
ence in the fine structure between the 2 groups, 
those treated with alpha blockade alone and those 
treated with both alpha and beta blockade; further- 
more, the granule morphology in this study was the 
same as described in 1964 before these agents had 
come into wide clinical use.2 


Correlation of norepinephrine and epinephrine 
granules and concentration in the tumors: Glu- 
taraldehyde precipitates norepinephrine but leaches 
out a variable amount of epinephrine.?4.29 This lat- 
ter effect was confirmed in this study in Case 16 in 
which glutaraldehyde extracted 43 percent of the 
epinephrine content of the tumor, but only 1.3 per- 
cent of the norepinephrine. Double fixation with glu- 
taraldehyde and osmium tetroxide generally permits 
distinction between norepinephrine and epinephrine 
granules, since the former displays a homogeneous 
black core which tends to lie eccentrically in a fre- 
quently nonspherical vesicle, whereas the latter has a 
much less osmiophilic content which evenly fills a 
spherical vesicle. Nevertheless, the variable extrac- 
tion of epinephrine during fixation no doubt ac- 
counted for the uneven osmiophilia of some epineph- 
rine granules found in this study. This was especially 


so in those tumors with a high epinephrine concen- 


tration. Granules containing norepinephrine are 
morphologically indistinguishable from dopa-storing 
vesicles. Ziegler et al.2° found very low tumor con- 
centrations of dopa, so that this source of error is 
considered unimportant in counting norepinephrine 
granules. Despite these limiting factors, excellent 
agreement (r = 0.92, P <0.001) was obtained be- 
tween the percentage of norepinephrine and epi- 
nephrine granules and the biochemically determined 
percentage of norepinephrine and epinephrine in the 
tumors. These observations are in agreement with 
the recently published findings of Tannenbaum.1% 
Individual tumor cells contained both norepineph- 
rine and epinephrine (Fig. 6), an observation which 
was most readily made in tumors with about equal 
proportions of norepinephrine and epinephrine. This 
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finding, together with the fact that both light and 
dark cells were present in pure norepinephrine and 
-epinephrine tumors, suggests that there is no true 
--compartmentation of norepinephrine and epineph- 
: -Tine granules into dark and light cells, respectively. 
- Such a conclusion is in disagreement with the find- 
~ ings of Tannenbaum, who observed separate nor- 
epinephrine and epinephrine cells in pheochromocy- 
toma, but is supported by the recent conclusion of 
Brown et al.31 that in the normal human adrenal 


medulla there is only a single cell type containing 


both norepinephrine and epinephrine granules. 
Variations in tumor catecholamine storage and 
: metabolic activity: The total amount of tumor 
catecholamine ranged from 26 to 1,800 mg (Table 
~ HD. According to Crout and Sjoerdsma?? such a 
wide spectrum of catecholamine storage is accounted 
- for by the existence of functionally different types of 
tumor. At one extreme are small tumors with rela- 
tively low catecholamine stores. The rate of turnover 
is rapid, approximately 70 percent of the stores being 
liberated daily, preferentially in the form of free nor- 
epinephrine and epinephrine. At the other end of the 
scale are large tumors which tend to have high 
catecholamine stores. The rate of catecholamine 
turnover is slow; only about 10 percent of the stores 
are secreted daily. There is increased intratumoral 
catabolism with secretion of large amounts of phar- 
macologically inactive, deaminated and O-methylat- 
ed metabolites, but relatively small amounts of free 
norepinephrine and epinephrine.3? Such marked dif- 


ferences in metabolic activity in pheochromocytoma. 


would seem likely to be reflected in tumor fine struc- 
ture. It might be anticipated, for instance, that a 
higher proportion of catecholamine-depleted cells 
would be found in the small tumors which supposed- 
ly have a rapid turnover rate. Increased synthetic ac- 
tivity would be expected to influence the distribution 
-and morphology of the Golgi zones, mitochondria 
and endoplasmic reticulum. However, there were no 
such findings in the present investigation. The same 
storage type of tumor cell was observed whether the 
neoplasm stored less than 100 mg or as much as 
1,800 mg of catecholamine. These observations con- 
firm those of Greenberg et al.,6 who studied 3 
pheochromocytomas and found that the tumors had 
the same ultrastructural appearance despite a 6-fold 
difference in the rate of catecholamine turnover. 
Failure to demonstrate a morphologic basis for the 
hypothesis of Crout and Sjoerdsma3? may be due to 
the inexactness of the method of calculation of the 
catecholamine turnover rate, namely, by forming a 
ratio between the tumor catecholamine content 
(tumor weight times the tumor concentration of nor- 
epinephrine and epinephrine) and the sum of free 
norepinephrine, epinephrine, vanillylmandelic acid 
and metanephrine recovered in a 24 hour specimen 
of urine. Tumor weight is a critical factor; in this 
study, use of the gross tumor weight to calculate the 
turnover rate would have introduced errors of 25 to 
60 percent in some instances, since 25 to 60 percent 
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of the gross tumor weight actually represented 
engorgement of the tumors with blood (Table ID. 
Similarly, zones of necrosis, which tend to be exten- 
sive in the larger tumors, cannot be taken into ac- 
count and lead to a false low value for turnover 
rates. With regard to the denominator, there is 
marked and independent daily variation in the uri- 
nary excretion of catecholamines and catecholamine 
metabolites (Table II); which fraction of these sub- 
stances is the result of tumor secretion alone and 
which fraction is derived from catecholamine metab- 
olism in other locations are not known. Crout and 
Sjoerdsma®? postulated that the high-storage type of 
tumors metabolize up to 95 percent of norepineph- 
rine and epinephrine within the tumor cells, with 
production of O-methylated metabolites primarily. 
However, concentrations of normetanephrine and 
metanephrine in tumors have repeatedly been found 
to be low, in the order of micrograms only,19-32 and 
were remarkably constant in the face of a §,000-fold 
variation of norepinephrine concentration in 1 
study.?° In the present investigation normetaneph- 
rine and metanephrine were determined in 6 tu- 
mors (Table II); the concentrations were not appre- 
ciably higher in the 4 patients with high catecholam- 
ine storage (300 to 1,250 mg) than in the 2 with low 
catecholamine storage (50 to 98 mg) and were very 
low in 1 asymptomatic patient (Case 2) (Table ID). 
In view of these considerations, the rates of turnover 
were not calculated in this study. The fine structure 
in this series and in the study by Greenberg et al.® 
does not suggest the existence of major differences in 
metabolic activity between tumors with small and 
large stores. In fact, the morphology is compatible 
with rather uniform function, mainly catecholamine 
synthesis and storage, in the tumors analyzed. 


Correlation of tumor granule concentration and 
catecholamine concentration: Earlier studies have 
indicated that is is possible to relate the concentra- 
tion of granules in adrenal medullary tissue to the 
catecholamine content. D’Anzi,33 for example, dem- 
onstrated correlation between the population density 
of epinephrine granules and the epinephrine content of 
the normal adrenal medulla during various stages 
of epinephrine secretion. Similar quantitative con- 
siderations were found to apply to pheochromocyto- 
ma in this study; the tumor granule population den- 
sity (granules per square micron) showed positive 
correlation with tumor catecholamine concentration 
(r = 0.68, P <0.01). This fact, and the knowledge 
that up to 78 percent of the total tumor catecholam- 
ine can be recovered from the isolated granule frac- 
tion,34 speaks against the hypothesis that tumor 
catecholamine is secreted as soon as it is synthe- 
sized, and not stored in granules. 

The appearance of catecholamine depletion seen in 
the electron microscope in Case 15 is difficult to ex- 
plain. The explanation may lie in the selection of 
blocks for electron microscopy, or in the fact that 
surgery in this case was unduly difficult and associ- 
ated with a blood loss of 3 liters, circumstances 
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which might lead to secretion of tumor catecholam- 


ine during surgery. The femoral metastatic lesion in 
Case 17 also had a vacuolated appearance in the elec- 
tron microscope. It is possible that irradiation (3,300 
rads) of this metastatic lesion may have pro- 


duced the vacuolated appearance. 


In general, tissue preservation in this study was 


judged inadequate for the observation of membra- 
nous structures. No conclusions were possible con- 
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cerning the mode of catecholamine secretion. Failure 
to detect substantial morphologic evidence of secre- 
tion may be due to the fact that the electron micro- 
scopic pictures in this study were obtained from non- 
stimulated tumors, whereas published pictures of se- 
cretion from the normal adrenal medulla showing 
granules juxtaposed to the cell membrane were ob- 
tained from glands that had been artificially stimu- 
lated to the point of secretion.33 
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In 20 consecutive cases of pulmonary embolism in a group of pa- 
tients free of underlying cardiopulmonary disease the frequency of 
electrocardiographic changes was observed and related to hemody- 
namic status. A wide range of embolic obstruction (13 to 68 percent) 
was shown by angiography and was accompanied by hemodynamic 
abnormalities ranging from minimal impairment to acute cor pul- 
monale. Only 1 patient showed diagnostic electrocardiographic 
changes of right ventricular strain; in 3 the electrocardiogram was: 
suggestive. All 4 had the hemodynamic findings of acute cor pub . 
monale. No other patient did. It was clinically clear in all 4 patients -~ 
that a cardiopulmonary catastrophe had occurred, and the diagnoses ; 
of acute myocardial infarction and acute massive pulmonary embo- 
lism were immediately considered. ‘ 

It was concluded. (1) that the electrocardiogram. had virtually no _ 
role in arousing the clinical suspicion of pulmonary embolism in pa- _ 
tients free of prior cardiopulmonary disease and (2) that the only role 
of the electrocardiogram may be in: distinguishing between the 2 most 
frequent cardiopulmonary. catastrophes: acute myocardial infarction 
and acute massive pulmonary embolism. : 


The characteristic electrocardiogram of acute right heart strain occurs 
in as few as 15 percent of patients with pulmonary embolism}-2 and is 
related to the severity of embolic obstruction. In the original descrip- 
tion of acute cor pulmonale by McGinn and White,? the incidence of 
typical electrocardiographic changes was high (71 percent) in 7 pa- — 
tients with severe embolic obstruction. Studies which indicate that 

hemodynamic*§ and electrocardiographic? right ventricular strain 
occurs only after obstruction of 50 percent or more of the pulmonary 

vasculature explain the low incidence of electrocardiographic right 
ventricular strain in clinically apparent pulmonary embolic disease. 
One difficulty in evaluating the usefulness of the electrocardiogram in 
pulmonary embolism is the frequency with which pulmonary embo- 
lism is superimposed on other heart and lung disease that could in- 
dependently affect both the electrocardiogram and the postembolic 
hemodynamic status.® In a series of consecutive patients free of under- 
lying cardiopulmonary disease, therefore, the electrocardiogram after 
embolism was examined to establish the frequency of diagnostically 
useful changes and the relation of those changes to underlying hemo- — 
dynamic states. 


Materials and Methods 


To avoid the influence of underlying cardiac or pulmonary disease only pa- © 
tients free of preexisting cardiopulmonary disease were admitted to the study: 
Pulmonary function studies, including total vital capacity, inspiratory 
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Figure 1. Case 20. A normal preoperative electrocardiogram 
(top) and the postembolic tracing (bottom) are shown. This 
tracing was interpreted as diagnostic of acute right ventricular 
strain. Changes include the acute development of a prominent 
S;, Q3 pattern with incomplete right bundle branch block, tachy- 
cardia (rate 150/min) and axis shift from 0° to +30°. 


capacity, expiratory reserve volume, forced expiratory 
volume in 1 second (percent), airway resistance and maxi- 
mal voluntary ventilation, were performed after recovery 
from the embolic episode. In most instances, screening by 
4-view perfusion lung scan was followed by selective pul- 
monary angiography. Twenty patients were found to be free 
of other cardiopulmonary disease. Underlying diagnoses are 
shown in Table I. Prior pulmonary emboli were known to 
have occurred in 2 patients more than 6 months earlier, but 
neither had electrocardiographic abnormalities. Cardiac 
catheterization was usually performed within 24 hours after 
pulmonary embolism was suspected and within 6 hours 
after pulmonary photoscanning. An electrocardiogram was 
nearly always obtained within 8 hours of the clinical suspi- 
cion of pulmonary embolism and again just before diagnos- 
tic catheterization. 

Only patients who showed unequivocal cutoffs or filling 
defects on angiograms were included.’ Paired cardiac out- 
put determinations were performed by the Fick method 
during a steady state. The magnitude of angiographic ob- 
struction was assessed by dividing each lung field into 
halves and estimating the degree of involvement as percent 
of predicted normal flow for each of the 4 quadrants. The 
total defect was expressed as a percent of predicted normal 
pulmonary perfusion. Observer variability in estimating the 
degree of pulmonary vascular involvement was low (less 
than 10 percent) probably because difficulties of interpreta- 
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Figure 2. Case 17. Postembolic electrocardiogram (bottom) 
shows development of an S4, a deep S3 with axis shift from +30° 
to 0° and T wave inversion in leads V; and V2, and flattening of 
right precordial T waves by comparison with normal control elec- 
trocardiogram (top). This was considered highly suggestive of 
acute right ventricular strain. 


tion were minimized by the exclusion of patients with in- 
trinsic heart and lung disease. Independent estimation of 
the degree of obstruction by pulmonary photoscan in the 14 
patients who underwent both studies were compared by 
regression analysis and yielded an r value of 0.712 
(P <0.01). Total pulmonary vascular resistance was cal- 
culated in the standard manner. Electrocardiograms were 
identified by code only and were interpreted by 1 investi- 
gator (DL). Twenty patients were found suitable for inclu- 
sion in this study. ; 
Criteria for electrocardiographic right ventricular 
strain: The findings of acute right ventricular strain con- 
sist of the following: (1) the development of an S wave in 
lead I and a Q wave in leads III and aVF where none was 
present before; (2) T wave inversion in leads III and aVF; 
(3) rightward QRS axis shift in the frontal plane; (4) clock- 
wise rotation in the horizontal plane; (5) T wave inversion 
in the right precordial leads; (6) P wave enlargement; (7) 
right ventricular conduction delay; and (8) atrioventricular 
block. All of these findings or any combination can co-exist 
or may follow one another in varying order. Probably, the 
most frequent single identifying abnormality, particularly 
in the adult, is the inversion of T waves in leads V1 to V3 
or V4, usually accompanied by a measure of axis rotation in 
either the frontal or horizontal planes. It is speculated that 
the Q and T wave deformities in the frontal plane (Qs, 
T; abnormality) are also manifestations of a degree of 
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Figure 3. Case 19. Postembolic electrocardiogram (bottom) 
differs from normal control (top) mainly in the acute development 
of right precordial T wave inversions after embolism. 


cardiac rotation, anatomic or electrical, capable of project- 
ing pattern details on the left leg normally found only on the 
right arm. 

In this study diagnostic acute right ventricular strain was 
identified when several of the components listed were pres- 
ent. The findings were described as consistent with or sug- 
gestive of right ventricular strain when the abnormalities 
were limited to a single change such as T wave inversion in 
right chest leads with or without cardiac rotation. 

Results : 

None of the subjects displayed all of the abnor- 
malities listed under criteria for acute right ventricu- 
lar strain and in only 1 did a sufficient number of 
them develop to be considered indubitably diagnos- 
tic. This patient (Fig. 1) had incomplete right bundle 
branch block, a prominent S1, Q3, and Q wave in lead 
aVF, with T inversions in all of the chest leads. The 
axis shifted from 0 to +30°. Three other patients had 
electrocardiograms suggestive of right ventricular 
strain. Two had T inversions in the right precordial 
leads (Fig. 2 and 3), 1 with an S wave in leads I and 
aVL but little else to support the diagnosis (Fig. 2). 
Right ventricular strain could not be identified in the 
latter 2 subjects except by comparison with earlier 
records, and the diagnosis could not be made stronger 
than “consistent with” or “suggestive of” right ven- 
tricular strain. The third patient with an electro- 
cardiogram consistent with or suggestive of right ven- 


TABLE I 
Patient Population 








Pulmonary 
Angiog- 
raphy 
(% 
Case Age Obstruc- 

no. (yr) Underlying Diagnosis tion) 
1 40 Thrombophlebitis 17 
2 43 Duodenal ulcer 30 
3 52 Pulmonary embolism 25 
4 41 Duodenal ulcer 34 
5 56 Post-arthroplasty, left hip 25 
6 67 Duodenal ulcer 34 
7 31 Fractured right fibula 53 
8 49 Post-ileofemoral 51 

endarterectomy 
9 40 Duodenal ulcer 30 
10 69 Vasculitis, unknown cause 48 
11 50 Pulmonary embolism 23 
12 47 Thrombophlebitis 32 
13 45 Pulmonary embolism 40 
14 24 Chronic venous insufficiency, 15 
legs 

15 37 Pulmonary embolism 13 
16 48 Pulmonary embolism 31 
17 52 Retroperitoneal sarcoma 68* 
18 43 Glioblastoma multiformans 47* 
19 48 Regional enteritis hg 
20 26 Post-arthrotomy, knee 60t 
Mean 45 37 
SD +11 +16 





* Electrocardiogram suggestive of right ventricular strain. 
t Electrocardiogram diagnostic of right ventricular strain. 


tricular strain had incomplete right bundle branch 
block at the time of clinical presentation, which re- 
solved. 

Table I includes ages, underlying diagnoses and 
magnitude of vascular obstruction. Electrocardio- 
graphic changes are summarized with respect to pul- 
monary arterial mean pressure in Table II. The elec- 
trocardiogram was normal in 4 of the 6 patients with 
normal pulmonary arterial mean pressure (less than 
20 mm Hg) and showed diffuse, nonspecific T abnor- 
malities in 2. The electrocardiogram was normal in 4 
of the 6 patients with pulmonary arterial mean pres- 
sure between 20 and 30 mm Hg; it showed diffuse non- 
diagnostic S-T or T wave abnormalities in 2 and 
atrial ectopic beats in 1. Despite the sudden increase 
in atrial pressures in 10 patients, no patients showed 
either atrial arrhythmia (other than atrial premature 
contractions) or an increase in P wave magnitude. 
The diagnostic electrocardiogram was observed in 1 of 
the 8 patients with pulmonary arterial mean pressure 
between 30 and 40 mm Hg (Fig. 1). The 3 patients’ 
with suggestive electrocardiographic changes also 
had a pulmonary arterial mean pressure greater than 
30 mm Hg. 

The relation between the electrocardiogram and 
hemodynamic measurements is shown in Figures 4 to 
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TABLE H 





Electrocardiographic Changes at Various Levels of Pulmonary Arterial Mean Pressure 





Electrocardiographic Changes 











Nonspecific Suggestive of RVS 
Right P Precordial 
PAm Range Patients S-T and T Wave Atrial T Wave Transient 
(mm He) (no.) Normat ECG Changes Ectopic Beats Changes IRBBB Diagnostic of RVS* 

<20 6 4 2 oh 
20-30 6 4 2 1 sa 
>30 8 1 2 2 1 1 

Total 20 9 6 1 2 1 1 





* See text and Figure 1. 
RBBB = 


6. The single patient whose electrocardiogram was 
diagnostic of right ventricular strain had a pulmonary 
arterial mean pressure close to 40 mm Hg (Fig. 4, 
left), right atrial mean pressure approaching 15 mm 
Hg (Fig. 4, right), depressed cardiac index (Fig. 5, 
left), total pulmonary resistance greater than 500 
dynes sec cm- and angiographic obstruction of 60 
percent (Fig. 6, left). Systemic arterial partial pres- 
sure of oxygen was not more depressed (Fig. 5, right), 
but the value for total pulmonary resistance was 
among the highest observed (Fig. 6, right). The 3 
patients with electrocardiographic changes suggestive 
but not diagnostic of right ventricular strain (Cases 
-17 to 19) also had a pulmonary arterial mean pressure 
between 30 and 40 mm Hg, increased right atrial 
mean pressure, extensive angiographic obstruction 
(47 percent or more), depression of cardiac index and 
total pulmonary resistance in excess of 500 dynes sec 
cm~5, Neither age nor systemic arterial partial pres- 
sure of oxygen (PaQ2) appeared to influence electro- 
cardiographic changes independently (Table I, Fig. 
5, right). 


Discussion 


Only in patients free of intrinsic cardiopulmonary 
disease can postembolic hemodynamic electrocardio- 
graphic abnormalities be considered the direct. result 
of the embolic event. Such an assumption is not 
‘justified in patients with preexisting heart and. lung 
disease, since abnormalities may be due either to the 
embolism or to the underlying disease.1°.4 The 
electrocardiogram was of no positive value in 80 per- 
cent (16 patients), showed changes which, although 
nonspecific, were consistent with or suggestive of the 
diagnosis in 15 percent (3 patients), and was diagnos- 
tic of acute right ventricular strain in 5 percent (1 
patient). 

In each of the latter 4 instances, clinical correlation 
further defined the role of the electrocardiogram in 
the detection of pulmonary embolic disease in such a 
population. The single patient with diagnostic elec- 
trocardiographic changes collapsed, was hypotensive, 
ashen and sweaty initially and appeared moribund. 





incomplete right bundle branch block; PAm = pulmonary arterial mean pressure; RVS = right ventricular strain. 


He had extreme shortness of breath and a heart rate 
of 150 beats/min. Each of the 3 patients with sugges- 
tive electrocardiograms was also critically ill, present- 
ing with severe shortness of breath, tachycardia and 
transient hypotension. It was quite clear that apo- 
tentially lethal cardiopulmonary catastrophe had 
occurred. Acute myocardial infarction or acute mas- 
sive pulmonary embolism was the major diagnostic 
consideration. 

Although the electrocardiogram was not at all 
helpful in establishing the diagnosis in 80 percent of 
eases, even in those in whom it was suggestive there 
were sufficient clinical grounds to suspect massive 
pulmonary emboli. Its only real role, then, was in 
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mean pressure (right panel). The broken horizontal line desig- 
nates the limit of normal pressure. RVS.-= right ventricular strain. 


208 .. August 1972. The American Journal of CARDIOLOGY Volume 30 





3 30 


20 


(SH) 


25 


CARDIAC INDEX 
(L/min. jm) 


3.5 


Zod -viua.uv DINAZLSAS 


45 


5.5 





6.5 
WE ECG. choracteristic of RVS 
A ECG suggestive of RVS 
@ No ECG changes suggestive of RVS 


Figure 5. Relation between cardiac index and electrocardio- 
graphic abnormalities. (left panel), and betweer arterial PO2 and 
‘electrocardiogram (right panel). The horizontal line designates 
the limit of normal. A single patient had a depressed cardiac 
index but showed no electrocardiographic changes suggestive of 
right ventricular strain. This patient had neither pulmonary hy- 
pertension nor increased right atrial mean pressure, which ex- 
cluded the hemodynamic diagnosis of acute cor pulmonale. 
Angiographic obstruction of the pulmonary artery was not severe 
(25 percent). However, because no underlying heart or lung 
‘disease could be detected, the patient could not be excluded from 
“the study. 
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PULMONARY VASCULAR OBSTRUCTION - ANGIOGRAM 


HE ECG characteristic of RVS 
A ECG suggestive of RYS 
@ No ECG changes suggestive of RVS 


Figure 6. Relation between pulmonary vascular obstruction 
and. electrocardiographic abnormalities is shown in left panel; 
that between total pulmonary resistance, and the electrocardio- 
gram is shown in right panel. 
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distinguishing between acute myocardial infarction 
and massive pulmonary embolism. 

Is the electrocardiographic evidence of right ven- 
tricular strain so infrequent because a specific hemo- 
dynamic pattern must be present before such changes 
are seen? 


Hemodynamic Indexes and the Electrocardiogram 


Pulmonary arterial mean pressure: This value 
has been shown to correlate closely with both total 
pulmonary resistance and angiographic obstruction 
(P <0.01) in patients otherwise free of underlying 
cardiopulmonary disease.!°-12 The relation observed 
in this study between the severity of pulmonary hy- 
pertension and electrocardiographic changes of right 
ventricular strain, therefore, is not surprising. Eight 
of 12 patients (67 per cent) whose pulmonary arterial 
mean pressure was less than 30 mm Hg had no elec- 
trocardiographic disorder; abnormalities in the. re- 
maining 4 were nonspecific. On the other hand, the 
electrocardiogram was normal in only 1 of 8 patients 
whose pulmonary arterial mean pressure exceeded 30 
mm Hg (13 percent). It was diagnostic of right ven- 
tricular strain only in 1 patient, however, whereas in 
another 3 (20 percent) it was suggestive. Previous 
studies10-13 have offered evidence that the pulmonary. 
arterial mean pressure after pulmonary embolism in 
patients free of cardiopulmonary disease rarely ex- 
ceeds 40 mm Hg, despite massive obstruction. This 
observation suggests that the pressure range of 30 to 
40 mm Hg, or about 2 to 3 times the normal pul- 
monary arterial mean pressure, approximates the — 
maximal acute response of the previously normal 
right ventricle. Therefore, electrocardiographic 
changes of right ventricular strain very likely indicate 
embolic obstruction of such severity as to demand 
near maximal pressure and generation of force by the - 
normal right ventricle. 

Right atrial mean pressure: Although all pa- 
tients with electrocardiographic abnormalities, either 
diagnostic or suggestive of right ventricular strain, 
had elevations of right atrial mean pressure levels, 
such elevations occurred much more frequently 
(50 percent) than diagnostic right ventricular strain 
(5 percent). It was concluded that although clinical 
evidence of right ventricular dilatation (increased 
central venous pressure) should be present when elec- 
trocardiographic right ventricular strain is due to 
acute pulmonary embolism, right ventricular dilata- 
tion alone does not produce this electrocardiographic 
pattern. Interestingly, there were no P wave abnor- 
malities of right atrial dilatation in any of these pa- 
tients whose right atrial mean pressure had been © 
acutely increased. 

Total pulmonary resistance; angiographic ob- ~ 
struction: Although a wide range of angiographic 
obstruction was observed (13 to 68 percent), electro- 
cardiographic changes diagnostic or suggestive of 


- right ventricular strain were present only with angio- 


graphic obstruction of 47 percent or more. Three other 
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patients had obstruction in the same range but 
showed no electrocardiographic evidence of right ven- 
tricular strain. Two of the latter 3 also had a pul- 
monary arterial mean pressure of 30 mm Hg or greater. 
It appeared that neither the extent of embolic ob- 
struction as assessed by angiography nor the level of 
pulmonary arterial mean pressure was solely responsi- 
ble for electrocardiographic changes of right ventric- 
ular strain. 

The electrocardiogram was diagnostic or suggestive 
of right ventricular strain in all 4 patients whose total 
vascular resistance exceeded 500 dynes sec cm 
(Cases 17 to 20). Right ventricular failure, defined as 
a reduction of cardiac index, increased pulmonary 
arterial mean pressure and increased right atrial 
mean pressure, was present in all 4. The association of 
a near maximal pressure response and right ventric- 
ular failure as total pulmonary resistance exceeds 
500 dynes sec cm- suggests that this level of total 
pulmonary resistance approximates the maximal 

- resistance likely to be observed after acute pulmonary 
embolism in previously normal patients. Electro- 
cardiographic right ventricular strain, therefore, 
should be interpreted as an indication for an im- 
mediate effort to decrease total pulmonary resistance 
(either the vasoactive or obstruction component) or 
improve the performance of the right ventricle, or 
both. 

Cardiac index: This was depressed (below 2.3 to 
2.5 liters/min per m?) in 5 patients. The electro- 
cardiogram was diagnostic of right ventricular strain 
in 1 and suggestive in 3. In the remaining case, the 


cardiac index was depressed, but neither pulmonary 
arterial mean pressure nor right atrial mean pressure 
was increased, so that lowered cardiac index could 
not be reasonably attributed to pulmonary embolism 
alone. However, since no underlying cardiopulmonary 
disease was detected to justify exclusion from the 
study, the case was retained. Except for this patient, 
a depressed cardiac index was the most consistent and 
specific single hemodynamic abnormality which dis- 
tinguished those patients with electrocardiographic 
evidence of acute right ventricular strain. 
Hemodynamic Profile and Electrocardiographic 
Changes of Right Ventricular Strain 

Although the relation of the electrocardiogram to 
individual hemodynamic components varied, a char- 
acteristic hemodynamic pattern was observed when 
the electrocardiogram was. diagnostic or suggestive. 
Such electrocardiograms occurred only when the pul- 
monary arterial mean pressure exceeded 30 mm Hg, 
right atrial mean pressure was. increased, total pul- 
monary resistance exceeded 500 dynes sec cm5, and 
cardiac index was depressed. No patient with all of 
these abnormalities failed to display some suggestive 
electrocardiographic evidence of right ventricular 
strain. In only 1 patient, however, was the electro- 
cardiogram reasonably conclusive as to the diagnosis 
of pulmonary embolism. These preliminary observa- 
tions suggest that in patients free of prior cardiopul- 
monary disease the degree of right ventricular over- 
load that will produce any electrocardiographic evi- 
dence, however subtle, of right ventricular strain will 
also cause acute hemodynamic cor pulmonale. 
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Follow-up study of 34 patients with superior vena cava to right pul- 
monary artery anastomosis indicated that late deterioration occurred 
in 10, usually in the first decade. The deterioration may be due to 
the increasing social and metabolic demands made’ on the child by 
growth or to an actual increase in the degree of cyanosis resulting 
from diminution of pulmonary blood flow. Usually both factors are 
present. ; rad 

Physiologic and angiographic studies have shown that late deteri- 
oration can be due to various factors that result in decreased effec- 
tive pulmonary flow. These include development of superior vena 
cava to right atrial venous collateral flow bypassing an open Glenn 
anastomosis; closure of a ventricular septal detect or right ventricu- _ 
lar outflow tract, thus diminishing flow to the left lung; closure of an 
atrial septal defect; and thrombotic occlusion of small pulmonary ar- 
teries to the right lung. Whenever the level of palliation becomes 
unsatisfactory or flow to the left lung becomes greatly reduced, fur- 
ther palliation must be considered. in view of the natural history of- 
infundibular and ventricular septal defect closure, additional pallia- 
tion usually will include both collateral vessel ligation and creation of 
a shunt to the left pulmonary artery. 


Superior vena cava to right pulmonary artery anastomosis was first 
suggested by Carlon et al.1 and subsequently developed by Glenn? 
and Bakulev and Kilesnikoy.? It is generally accepted as a valuable. 
palliative operation for patients with uncorrectable cyanotic heart 
disease associated with reduction of pulmonary blood flow and pul- 
monary vascular resistance. The technique of this procedure and its 
indications and results have been previously described.2-5 ; 

This report (1) presents findings in 10 children whose clinical state 
deteriorated many years after a superior vena cava to right palmo- 
nary artery anastomosis had been performed, and (2) discusses brief- 
ly the causes of their difficulties. 


Clinical Material 


Thirty-four infants and children were followed up for up to 9 years after 
superior vena cava to right pulmonary artery anastomosis. The condition of 
10 worsened in the first decade (Table I), Seven of the 10 were shown to 
have important venous connections between the superior vena caval system 
and the inferior vena caval system or right atrium. In 5 of the 10 the infun: ae 
dibulum of the right ventricle became atretic, thereby occluding direct. pule 
monary blood flow to the left lung. In 2 of 5, severe vascular obstruction to 
flow through the left lung developed. The ventricular septal defect was 
closed in 1 patient. Thrombotic occlusion of the small pulmonary arteries of 


the right lung developed in 1 patient. Superior vena caval obstruction syn- 


drome was not present in any case. 
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Figure 1. Case 1. A and B, anteroposterior 
and lateral venous angiograms showing 
Glenn anastomosis and left superior vena 
cava (LSVC) draining into coronary sinus 
(CS). Internal mammary and pericardiothy- 
mic tributaries of the innominate vein are also 
shown. C, later film showing dense collateral 
tributaries draining away from right superior 
vena cava (RSVC). D, postoperative study, 
anteroposterior view, showing ablation of the 
collateral vessels. RPA = right pulmonary 
artery. 


Figure 2. Case 4. A, anteroposterior ve- 
nous angiogram showing opacification of 
right atrium (RA) from superior vena cava 
(RSVC). The atrial septal defect is also 
seen. B, lateral view. The site of the right 
superior vena cava to right pulmonary artery 
(RPA) anastomosis is demonstrated but is 
not stenotic. LA = left atrium. 
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Illustrative Cases 


Case 1: A superior vena cava to right pulmonary ar- 
tery anastomosis (Glenn procedure) was performed in this 
8 year old girl at age 11 months for palliation of tricuspid 
atresia with diminished pulmonary blood flow. Her condi- 
tion was reasonably good until age 7 years when increasing 
cyanosis and decreased exercise tolerance developed. 
Hematocrit was 68 percent. Angiographic study (Fig. 1) 
showed a patent left superior vena cava draining into the 
coronary sinus. At a subsequent operation the left superior 
vena cava and several other collateral venous channels 
were ligated, and a left Blalock anastomosis was made. 
This child has since had greatly improved exercise toler- 
ance and decreased cyanosis as well as reduced hemato- 
crit. 


Case 2: This 11 year old girl with corrected transposi- 
tion of the great arteries, common ventricle and pulmo- 
nary stenosis began to have anoxic spells at age 1 year, 
and a Glenn anastomosis was performed. Her condition 
was moderately improved and the cyanotic spells ceased, 
but the dramatic improvement that usually follows this 
anastomosis never occurred. By age 11 years, the degree of 
palliation had become unsatisfactory. Cardiac catheteri- 
zation and angiography revealed a large patent left superi- 
or vena cava which had undoubtedly been present since 
birth but was undiagnosed at the time of the first opera- 
tion. The anastomosis was functioning properly, but only 
the lower lobe of the right lung was well perfused. The left 
superior vena cava drained a significant percentage of the 
total superior vena caval flow into the coronary sinus, 
thereby bypassing the right lung and decreasing effective 
pulmonary blood flow. At a subsequent operation the left 
superior vena cava was ligated and a left Blalock anasto- 
mosis was performed. Her condition has since been good. 


Case 4. This 6 year old boy with corrected transposi- 
tion of the great arteries, single ventricle and pulmonary 
stenosis underwent a Glenn procedure at age 24% months. 
The superior vena cava and azygos vein were ligated, but 
a few hours after the procedure there were signs of severe 
superior vena caval obstruction necessitating reoperation. 


Figure 3. Case 7. Anteroposterior (A) and 
lateral (B) venous angiograms showing col- 
lateral blood flow from innominate vein to 
hemiazygos (HA) vein. 


At reoperation, the superior vena caval pressure was 
greater than 40 cm H20. The caval ligature was loosened 
enough to reduce the pressure to 30 cm H20. The post- 
operative course was satisfactory, and the patient’s condi- 
tion was good for several years. Cyanosis then gradually 
increased, and convulsive episodes associated with anoxia 
developed. Angiography was repeated and, although there 
were no collateral veins between the superior caval and 
inferior caval systems, a flow of contrast medium from the 
superior vena cava to the right atrium through the par- 
tially ligated cava-atrial junction was apparent (Fig 2). 
The angiograms also showed the infundibulum of the right 
ventricle to be closed. Thus, flow to the right lung was 
decreased due to the venous shunt, and flow to the left lung 
decreased due to the obstructed infundibulum. A Bla- 
lock anastomosis was performed at a subsequent operation 
to improve flow to the left lung. The patient’s condition is 
now greatly improved. A high level of superior vena caval 
pressure after superior vena cava to right pulmonary ar- 
tery anastomosis can now usually be controlled by delayed 
azygos vein ligation.® 


Case 7: A 9 year old child underwent a superior vena 
cava to right pulmonary artery anastomosis at age 7 
months for palliation of tricuspid atresia. She was then 
able to lead an acceptably active life until age 8 years. 
Angiographic studies showed the anastomosis to be func- 
tioning well with unobstructed flow to the right lung. A 
single large collateral vessel between the innominate vein 
and the hemiazygos vein allowed a portion of the superior 
vena caval flow to bypass the right lung (Fig. 3). The ven- 
tricular septal defect had completely closed, and all blood 
reached the left lung by way of collateral systemic arterial 
vessels. At operation the large venous collateral vessel was 
ligated, and a systemic to pulmonary artery anastomosis 
was constructed to a patent left pulmonary artery. It was 
apparent at operation that, in spite of an optimal anasto- 
mosis, there was little flow to the left lung, presumably 
because of severe vascular obstructive disease in the left 
lung. The Glenn anastomosis continues to function, and 
the patient’s condition was significantly improved by the 
second operation. 
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TABLE i 
summary of 10 Cases 











Age 
Initial Increasing Patency 
Case Operation Symptoms : i EE 
no. (mo) (yr) Diagnosis Collateral Vessels RV inf VSD Second Operation 
1 11 8 TA LSVC to CS Yes Yes Collaterals ligated; 
Saat left Blalock-Taussig 
2 12 ll SV, PS LSVE to. CS Yes Collaterals ligated; 
(persistent LSVC) left. Blalock-Taussig 
3 10 9 TA LSVC to CS Yes (4yr); Yes Collaterals ligated 
no (9yr) (age 4 yr); left 
; Blalock (age 9 yr) 
4 2 /y 6 Sv, PS RSVC to RA No Yes Left Blalock-Taussig 
(inc. ligation SVC} 
5 4 13 TA None No Yes Modified Potts 
6 3 1 SV, PS LSVC to IVC & RSVC Yes Yes Not performed 
(thrombosed Inn V} 
7 7 9 TA Inn V to Haz V Not vis,* No* Collaterals ligated; 
modified Potts 
8 3 8 TA, TGA NS Yes Yes Enlargement of ASD 
9 6 6 -CT, SV NS E at Collaterals ligated; 
í modified Potts 
19 12 10 TA Inn V to Haz V No Yes Collaterals ligated; 


modified Potts 
aanneem na a airaa aia e 
* Small atrial septal defect. . 
+ Subpulmonic infundibulum closed. 
ASD = atrial septal defect; CS = coronary sinus; CT = corrected transposition of great arteries; Haz V = hemiazygos vein; Inc. = in- 
complete; Inf = infundibulum; Inn V = innominate vein; LSVC = leftssuperior vena cava; NS = not significant; PS = pulmonic ste- 
nosis; RSVC = right superior vena cava; SV = single ventricle; TA = tricuspid atresia; TGA = transposition of great arteries; vis. = 


visualized. 


Discussion 

Toward the end of the first decade after creation of 
aright pulmonary artery to superior vena cava anas- 
tomosis many children experience increasing symp- 
toms of effort intolerance and become dissatisfied 
with the degree of palliation. The greater social and 
metabolic demands imposed on a young patient by 
growth and increasing age probably play ‘a part in 
this dissatisfaction, but often the difficulties are 
objectively demonstrated by the appearance of in- 
creased hematocrit, reduced effort tolerance and in- 
creased cyanosis. In 10 of our 34 patients findings 
were severe enough to indicate additional palliative 
surgery (Table I). 


Causes of Decreasing Pulmonary Blood Flow 


Collateral vessels from superior to inferior vena 
cava: Study by catheterization and angiograms 
was undertaken to plan an effective palliative proce- 
dure. In all patients the repeat studies confirmed the 
clinical impression that the basic physiologic lesion 
was a progressively decreasing pulmonary blood flow. 
The anatomic cause for this change varied. A few 
children demonstrated a single cause for their in- 
creasing symptoms, but in most. a combination of 
factors was present. The most common factor con- 


tributing to late difficulty was the presence of large 
venous collateral vessels between the superior vena 
caval system and the inferior vena caval system or 
right atrium. When such collateral vessels occur, 
blood that should flow to the right lung by way of 
the Glenn anastomosis bypasses these structures; 
thus the right pulmonary blood flow is lessened and 
the effective pulmonary blood flow decreased. 

In 2 of our patients this difficulty was avoidable. 
In Case 2, a patent left superior vena cava draining 
into the coronary sinus was certainly present at the 
time of the initial catheterization but was unrecog- 
nized. In Case 4, partial release of the superior caval 
tie, resulting in the reestablishment of a low level of 
flow from the superior vena cava to the right atrium, 
was a life-saving procedure.? This form of acute de- 
compression of the superior vena caval system can 
usually be avoided by the technique of delayed azy- 
gas ligation as described by Edwards and Barger- 
on 6-8 

In 5 other patients the collateral vessels from the 
superior to the inferior vena caval system or right 
atrium apparently developed gradually during the 
years after operation. The pattern varied, but the re- 
sult was always reduced blood flow to the right lung. 
This development of collateral. channels is almost 
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5 certainly a response e to the stimulus created by the 
altered hemodynamic state andis probably as un- 
: avoidable « as it seems to be unpredictable. 

Closure of right ventricular outflow tract or 
: ventricular septal defect: The next most common 
cause of increasing cyanosis in our series was a de- 
--erease-in blood flow to the left lung caused by either 
gradual occlusion of the right ventricular outflow 
tract or closure of the ventricular septal defect. Oth- 
ers®-12 have reported the occurrence of both phe- 
nomena in tricuspid atresia. The lumen of the infun- 
dibulum of the right ventricle, proved by previous 
angiographic studies to have been patent in infancy, 
had been obliterated in 3 patients, and the ventricu- 
lar septal defect, also demonstrated to be open at an 
earlier study, had closed in 1 patient. Closure of the 
right ventricular infundibulum or the ventricular 
. septal defect results in diminished pulmonary blood 
flow to the left lung. The left lung becomes perfused 
entirely by aortopulmonary collateral vessels. We 
look upon infundibular and ventricular septal-defect 
closure as unfortunate, unpredictable and unavoid- 
able developments in the natural history of the basic 
lesion. Possible closure should be considered in as- 
sessing the long-term management at the time of the 
initial operation. Probably the Glenn anastomosis 
plays no part in accelerating or retarding this cycle 
since closure also occurs in children who have had a 
Blalock or Potts anastomosis and in patients who 
have had no operation to increase pulmonary blood 
flow. 

Obstruction at left atrial level: One child in our 
series (Case 8) showed increasing cyanosis, increased 
hematocrit, and a pulsatile liver; severe obstruction 
at the atrial level was found. The left atrial pressure 
was only 2 mm Hg, and the stroke volume of the left 
ventricle was severely compromised. When the atrial 
septum was surgically opened, the left atrial pressure 
and left ventricular stroke volume increased. Flow to 
the left lung increased significantly, and the child’s 
condition was greatly improved. A left systemic to 
pulmonary artery shunt probably will be needed 
later to maintain this status since, at the most re- 
cent catheterization, the right ventricular infundibu- 
lum was relatively smaller than at the first study 
and the narrowing is expected to progress. 

Superior venal caval obstruction: We have not 


seen evidence of superior vena caval obstruction as a. 


cause of late deterioration in our series; however, it 
has been reported by others,!3 and may become a se- 
vere long-term complication in some patients. At 
least 2 mechanisms may contribute to its develop- 
ment: obstruction at the anastomotic site, or in- 
creasing pulmonary vascular resistance in the right 
lung. Although obstruction at the anastomotic site 


has not occurred in our series, we do have clinical 
and histologic evidence to document bstructive vas- 
cular changes occurring in at lea died | 
cases (Case 3). i 2 

Severe pulmonary vascular disease of left jung: a 
In our series the most intractable change encoun- 
tered was the development of severe pulmonary vas- _ 
cular disease in the left lung in 2 patients (Cases 3- 
and 7). In both, earlier infundibular closure resulted 
in almost total obstruction to flow through the ‘left. 
lung over several years. Although a systemic to pul- 
monary artery shunt to a sizable patent left pulmo- 
nary artery was finally constructed in each, there. 
was little increase in flow through the damaged lung. 
In 6 others, whose vascular bed of the left lung was 
undamaged, construction of a similar shunt resulted” 
in excellent flow to the lung and greater palliation. 

The development of pulmonary vascular disease in 
these 2 children suggests that when flow to the left 
lung is totally obstructed by closure of either the 
infundibulum of the right ventricle or the ventricular. 
septal defect, an immediate left pulmonary to sys-. 
temic artery anastomosis is needed to maintain. pa- 
tency of the left pulmonary artery. 





Clinical Implications 


We now reinvestigate all children with Glenn 
shunts who show increasing fatigue or c cyanosis or 
whose systolic murmur along the left sternal bor 
has disappeared. We consider the lessening or disa 
pearance of this murmur to be strong evidence of. 
closure of the pulmonary outflow tract or ventricular | 
septal defect. Flow to the left pulmonary artery must 
be reestablished as soon as possible to maintain pas 
tency of this vessel. 

Combined biplane angiographic study must be 
performed to evaluate the blood flow to both lungs, - 
and both a left brachial vein injection and a left ven- 
tricular injection are required. The left brachial vein | 
injection demonstrates the flow to the right lung, all 
collateral veins, the anastomosis and the patency of. 
the large and small arteries of the right lung. The. 
left ventricular injection shows patency of both the 
ventricular septal defect and the infundibulum of the 
right ventricle and will allow estimation of the blood 
flow to the left lung. The angiographic filming of this 
series should be continued well through the recircu- 
lation period since, if the ventricular septal defect or 
infundibulum has closed, the collateral arterial flow 
will allow later visualization of the left pulmonary 
artery. Knowledge of the size and patency of the left 
pulmonary artery is important to the surgeon who 
must design and construct an arterial anastomosis to. 
this vessel. The gradient across the atrial septal de- 
fect should also be measured. 
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Certain characteristic. points of the first derivative in time of the apex 
cardiogram. are suitable to determine left ventricular mechanical 
events despite certain modifications in the shape of the curve due to 
technical error. ; 

Notch dN; in the first derivative of the cardiac apex curve signals 
the beginning of the rise of left ventricular pressure; notch dN2 signals 
the conclusion of left ventricular ejection. With the aid of the apex 
cardiogram and its first derivative, the periods of left ventricular 
systole can be accurately and conveniently defined. 


COE ee 


the apex cardiogram and intracavitary electrical, acoustic and me- 
chanical cardiac events have been repeatedly reported.1:4 Further- 
more, such studies have established that point E on the apex cardio- 
gram coincides with the end of the isovolumic period. Santos et al.” 
noted that notch Nj, occasionally observed on the apex cardiogram, - 
coincides with the beginning of the isovolumic phase, but this notch 
is hard to detect since it merges with the ascending limb of the curve. 

However, the first derivative of the apex cardiogram reveals points 
that are often blurred on the original curve. We have therefore utilized 
the first derivative of the apex cardiogram to investigate the relation © 
between the appearance of these points and the beginning of the vari- 
ous phases of the cardiac cycle. 


Method 


The patients were placed in a left lateral position and a Hellige type detec- 
tor was placed over the cardiac apex. The apex cardiogram was recorded ona 
multichannel recorder at a paper speed of 50 mm/sec. To determine whether | 
displacement of the detector changes the appearance of the various. waves in 
the apex cardiogram, other curves were also recorded by placing the detector. 
about 1 em in various directions from the maximal point of the apex beat. 

The apex cardiogram was differentiated by the insertion of a resistance- 
capacitance circuit having a resistance of 50 to 70 kOhm and a capacity of 
0.002 to 0.004 Farad. The time constant was 10 to 15 x 10-4. oa i 

The mechanical function of the heart was examined in some cases by car- 
diac catheterization to correlate the left ventricular and aortic pressure curves: 
with the apex cardiogram and its first derivative. Such simultaneous pressure 
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TABLE | 
Time Coincidence of Identical Phases of Cardiac Cycle in the 
4 Curves as Affected by Displacement of Detector 
(20 Patients) with Heart Disease 
Time Not Identical 


Time -£0.02-0.03 


Phase Identical +0.02 Sec. Sec 
Q-C 19 1 abe 
C-M,; 18 1 1 
M,-E 18 1 1 
E-C; 17 1 2 
A,-O 17 1 2 
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Figure 1. Electrocardiogram, apex cardiogram 
and phonocardiogram, A, detector on the apex 
beat; B, 1 cm below; C, 1 cm medial; D, 1 cm 
lateral; E, electrocardiogram, carotid pulse 
curve, phonocardiogram. Time relations are un- 
affected by detector displacement. 


curves were obtained in 9 dogs and in 9 of our 20 patients 
with some form of heart disease (Cases 1, 3, 10, 12, 13, 14, 
15, 16 and 19; see Table II). 

In 20 patients the apex cardiogram and its first deriva- 
tive were recorded simultaneously with the electrocardio- 
gram, phonocardiogram and carotid pulse curve, and the 
time coincidence of the various points on the tracings was 
noted. 


Results 


We initially planned to study the possible effect of 
displacement of the detector on the time of appear- 
ance of the various waves. We studied 20 patients by 
applying the detector first at the point of maximal 
impulse and 3 times at a distance of about 1 cm 
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Figure 2. Case 1. dN; coincides with the beginning of left 
ventricular pressure rise. 


from this point in various directions and determined 
distances from the following: 

1. Q wave of the electrocardiogram to the up- 
stroke of the systolic wave in the apex cardiogram 
(Q-C). 

2. Upstroke of the systolic wave in the apex cardio- 
gram to the first mitral component of the first 
sound (C-M). 

3. First component of the first sound to point E in 
the apex cardiogram (M,-E). 

4. Point E in the apex cardiogram to the upstroke 
of the carotid curve (E-C ). 

5. Aortic component of second sound to point O in 
the apex cardiogram (A2-0). 

The durations of the identical phases in the 4 
curves were compared for each patient. Although the 
shape of the curves changed in 89 instances, the du- 
rations of the 5 phases were the same in all 4 mea- 
surements. In 11 cases some phases were either 
shorter or longer when the detector was over the 
apex or at some distance from the latter. However, 
this difference expressed in time was less than 0.02 
second in 5 cases and between 0.02 and 0.03 second 
in 6 cases (Table I, Fig. 1). 

Comparison of cardiac catheterization data with 
the results of measurements of the apex cardiogram 
and its first derivative revealed the following correla- 
tion: 

The beginning of left ventricular pressure rise 
coincided with the ascending limb of the apex cardio- 
gram. In the cases in which notch N, was clearly 
visible in the apex cardiogram, it was always syn- 
chronous with the onset of the pressure curve of the 
left ventricle. In the derived apex curve a sharp, 
clearly distinct notch or wave (dNi) appeared. This 
notch corresponded with notch N: of the apex cardio- 
gram and coincided with the onset of the left ven- 
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Figure 3. Case 10. dN; coincides with beginning of left ven- 
tricular pressure rise. 


tricular pressure curve in all of our 9 cases (Fig. 2 
and 3). The beginning of the rise of aortic pressure 
coincided in all 9 cases with point E in the apex car- 
diogram (Fig. 4). 

The data in dogs confirmed the results obtained in 
patients. The onset of rise in left ventricular pressure 
coincided exactly with notch dN; in the derived apex 
cardiogram, and the beginning of aortic pressure rise 
coincided with point E in the apex cardiogram (Fig. 
5). 

In 20 cases the apex cardiograms and their first 
derivatives were recorded synchronously with other 
electrical, mechanical and acoustic curves (Table Il, 
Fig. 6 and 7). In the first derivative of the apex car- 
diogram a sharp, distinct notch (dN2) was observed 
that in 18 cases coincided with the sound of aortic 
closure (A2, aortic component of the second heart 
sound). This notch corresponds to notch Ne, which 
cannot always be distinguished in the apex cardio- 
gram. In 1 case (Case 10) this notch was 0.02 sec- 
ond behind the aortic closing sound, but it coincided 
with appearance of the incisura on the carotid curve. 
[În Case 9 notch dN2 preceded both the sound of aor- 
ic closure and the incisura of the carotid curve by 
).02 second. 

In 8 cases notch dN2 in the derived apex cardio- 
zram appeared synchronously with the incisura of 
ihe carotid curve. In 4 cases it occurred 0.01 second, 
n 5 cases 0.02 second and in 1 case 0.03 second be- 
ore the incisura of the carotid curve. In 2 cases the 
ncisura could not be accurately marked. The delay 
f the incisura corresponds to the individually 
hanging propagation rate of the pulse wave. Com- 
varison of notch dNe with As and with the incisura 
f the carotid curve suggests that the latter is more 
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Figure 4. Case 14. E point of apex cardiogram coincides with 
the beginning of aortic pressure rise. 
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- Figure 5. Dog experiment. A, 
¥ apex cardiogram and its first de- 
- rivative; B, the onset of left ventricu- 
lar pressure rise coincides with 
+ GN,; C, the aortic pressure rise is 
£ at point E. 





suitable for defining the end of the ejection phase 
than the incisura in the carotid curve. 


Discussion 


Although the duration of the various phases of the 
cardiac cycle can be most accurately determined by 
means of the direct recording of intracavitary pres- 
sure curves, invasive techniques carry a degree of 
risk and cannot be used when the aim is to observe 
continuously the duration of the cardiac cycle. The 
noninvasive methods have the common drawback of 
requiring the simultaneous recording of several 
curves from which conclusions may be drawn on the 
relative period of the phases only after rather cum- 
bersome measurements. 
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Figure 6. Case 1. dN2 coincides 
with aortic closure sound (Az) and 





with incisura of carotid pulse 








wave. In A, B and C the intervals 
R-dN2, R-A2’ and R-incisura all 
measure 0.34 second. 
















Figure 7. Case 7. dN2 coincides 
with aortic closure sound, the caro- 
tid incisura delay is 0.02 second. 
A, R-dNo is 0.34 second; B, R-A2 
is 0.34 second; C, R-incisura is 














Measurement of Phases of Cardiac Cycle 
20 Patients with Heart Disease 





Phases (sec) 





Case 
no. Diagnosis R-A2 R-dN; R-incisura 
——_— 
1 CHD 0.34 0.34 0.34 
2 MS 0.34 0.34 0.34 
3 MI 0.38 0.38 0.38 
4 MS 0.41 0.41 0.41 
5 MS 0.35 0.35 0.36 
6 MS 0.33 0.33 0.34 
7 ASD 0.34 0.34 0.36 
8 MS 0.30 0.30 0.31 
9 MS 0.28 0.30 0.30 
10 MS Al 0.38 0.36 0.38 
11 MS 0.35 0.35 0.37 
12 VSD 0.36 0.36 0.37 
13 AS Al 0.35 0.35 FA 
14 MS MI 0.34 0.34 0.34 
15 CHD 0.35 0.35 0.35 
16 AS Al 0.39 0.39 ae 
17 EHS 0.35 0.35 0.38 
18 EHS 0.34 0.34 0.36 
19 AS 0.37 0.37 0.39 
20 MS 0.40 0.40 0.40 


Al = aortic incompetence; AS = aortic stenosis; ASD = atrial 
septal defect; CHD = coronary heart disease; EHS = essential 
hyperkinetic syndrome; MI = mitral incompetence; MS = mitral 


stenosis; VSD = ventricular septal defect. 


0.36 second. 
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Figure 8. Schematic representation of electrocardiogram 
apex cardiogram and its first derivative, phonocardiogram, lef 
ventricular pressure curve and carotid pulse wave in phases o 
left ventricular systole. 
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Although Marey® was the first to record an apex 
cardiogram in 1878, the method has gained wide- 
spread acceptance only in the past 10 years. The 
apex cardiogram has a 2-fold use: (1) Analysis of the 
shape of the curve insures a more accurate diagnosis 
of certain heart diseases, and (2) the well defined 
notches and waves of the curves permit timing of the 
mechanical events of the left ventricle. In this way 
the beginning and end of the various phases of the 
cardiac cycle can be accurately determined. 

Recording of the apex cardiogram involves certain 
technical difficulties, and the shapes of the curves 
may be influenced by several factors, primarily accu- 
rate location of the position of the apex beat. Our in- 
vestigations confirm that a certain inaccuracy in the 
position of the detector, although causing a differ- 
ence in the shape of the curves, will not influence the 
relative durations of the phases. 

Tafur et al. and other investigators® have de- 
scribed the appearance of notches (N; and N2) on the 
upstroke and downstroke limbs of the systolic wave 
simultaneously with the mitral component of the 
first heart sound (M1) and the aortic component of 
the second sound (Ag), respectively. These points are 
seldom distinct in the cardiac apex curve; in most 
cases they are invisible. By using the first derivative of 
the apex curve we succeeded in making these notch- 
es (dNi and dNə2) clearly visible. The first notch 
coincided in all human and animal experiments with 
the beginning of the left ventricular pressure curve 
and may therefore be considered the beginning of the 
isovolumic period. Notch dNə appeared in the ma- 
jority of cases synchronously with the end of left ven- 
tricular ejection. 

The beginning of left ventricular ejection is usually 
calculated from point E of the cardiac apex curve. 
Although according to Oreschkov*:? ejection begins 
somewhat earlier, we found in human and animal 
experiments that point E coincides with the begin- 
ning of the aortic pressure curve and thus indicates 
the beginning of ejection. This result agrees with the 
experimental data of Benchimol et al.3 and Tafur et 
al. 


The final result of our experiments indicates*that 
the apex cardiogram and its first derivative are suit- 
able for the exact determination of the durations of 
the isovolumic and ejection periods. The isovolumic 
phase lasts from dN; to point E, and the ejection 
phase from point E to notch dNo. 

With the aid of the apex cardiogram and its first 
derivative, left ventricular systole can be divided 
into the following 5 periods (Fig. 8): 

1. Electromechanical interval, Q-C (from the be- 
ginning of the Q wave on the electrocardiogram to 
the upstroke of the systolic wave on the apex cardio-. 
gram). After the beginning of electric depolarization 
there is as yet no mechanical event in the left ventri- 
cle. 

2. Initial phase of ventricular contraction, C-dN, 
(from the upstroke of the systolic wave on the apex 
cardiogram to notch dN; on the first derivative). 
Ventricular contraction has started, but there is yet 
no pressure increase in the left ventricle. According 
to generally accepted opinion the mitral valve is still 
open. 

3. Isovolumic contraction time, dN,-E (from 
notch dN; to point E of the apex curve). Both the 
mitral and the aortic valves are closed, and the left 
ventricular pressure begins to increase. 

4. Left ventricular ejection, E-dN2 (from point E 
of the apex cardiogram to notch dN% in the first de- 
rivative). The aortic valve opens, pressure in the aorta 
begins to increase, pressure in the left ventricle con- 
tinues to increase and then begins to decrease in this 
period. 

5. Isometric _relaxation—protodiastole, dNo-O 
(from notch dNe of the derived curve to point O of 
the apex cardiogram). Both the aortic and the mitral 
valves are closed. At point O the mitral valve opens. 

Recording of both the apex cardiogram and the 
curve of its first derivative is a simple procedure that 
involves no unpleasantness to the patient. It appears 


to be a suitable method for the reliable measurement 


of the various phases of the cardiac cycle that, in, 
certain cases, may replace determination by invasive 
methods. 
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The clinical and operative findings were correlated with postmortem 
findings in 259 patients who died during or shortly after open heart 
surgery for valvular disease. In 114 patients with clinically diagnosed 
isolated aortic valve disease, 72 had morphologic abnormalities of 
the mitral valve, and in 13 these changes were hemodynamically 
significant. In 28 of 81 patients with clinically diagnosed isolated 
mitral valve disease, 28 showed aortic valve abnormalities, but the 
changes were significant in only 1. Fifty-five patients showed abnor- 
malities of the tricuspid valve. All had concomitant mitral valve dis- 
ease, 44 had aertic vaive disease and 2 had changes of the pulmonic 
valve as well. In 8 the tricuspid valve disease was hemodynamically 
significant; in 4.of the 8, the lesion was clinically recognized. 

Evidence is presented indicating that rheumatic stigmata are rare 
in aortic valve disease. The prevalence of other etiologic factors in 
both aortic and mitral valve disease is discussed. 

The prevalence and severity of coronary artery disease is the 
same regardiess of the valve or valves involved. Angina pectoris oc- 
curred in 57 percent of patients with aortic valve disease. In 50 per- 
cent of these patients with angina pectoris, trivial or no coronary ar- 
tery disease was present. However, angina pectoris occurred in 10 
of 11 patients with aortic valve disease who had severe coronary ar- 
tery disease. Eight percent of patients with mitral valve disease had 
angina pectoris, and all showed 2+ to 3+ coronary artery disease. 
Of 41 patients who showed evidence of old systemic embolization, 
39 had mitral valve disease. The frequency of such embolization was 
the same in patients with predominant mitral insufficiency as in 
those with stencsis. 


Cardiac surgery has increased the importance of making exact diag- 
nosis of morphologic and hemodynamic abnormalities. In the course 
of a clinical experience embracing about 4,000 patients undergoing 
cardiac surgery for valvular disease, it became apparent that many 
patients—believed on clinical grounds and frequently as a result of 
catheterization and angiographic studies, to have involvement of a 
single valve—-proved at subsequent operation or postmortem study 
to have abnormalities of one or more additional valves. This study 
had 3 objectives: (1) to analyze the clinical and postmortem findings 
in 259 patients who died during or shortly after open heart surgery in 
order to study the prevalence and degree of severity of clinically un- 
detected valvular lesions; (2) to correlate coronary artery disease and 
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angina pectoris with valvular involvement; (3) to re- 
__ late systemic embolization, judged by clinical history 
and physical and autopsy findings of healed systemic 
` infarctions, to the types of valvular involvement. 


Material and Methods 


The study consisted of a postmortem correlation of the 
clinical history and operative findings in 259 patients who 
underwent open heart surgery for valvular disease (by D. E. 
H.) at the Mount Auburn and Peter Bent Brigham Hospitals 
between 1958 and 1968 and who died after such surgery in 
the operating room or during the immediate postoperative 
period. This series comprised 95 percent of all the post- 
operative deaths occurring during this period. In the 5 per- 
cent not included, postmortem permission was not ob- 
tained in 6 cases, and hospital records were not available 
for analysis in 9. In 3 cases, the autopsy was limited to an 
examination of the chest, and in an additional 3, the 
brain was not examined. 

The hospital records of all patients had already been 
carefully reviewed by one of us (LBE) im the course of an 
extensive long-term follow-up study of patients undergo- 
ing cardiac surgery. The study included a review of the 


clinical notes and laboratory findings, electrocardiograph- ; 


ic and roentgenographic examinations, and cardiac cathe- 
terization and angiographic data whenever available. The 
final clinical diagnosis selected was that based on the 
preoperative and operative clinical findings, evaluation by 
the surgeon and one or more cardiologists, and catheteri- 
zation and angiographic data when available. 

The autopsy records were reviewed for information re- 
lating to gross and microscopic anatomic abnormalities of 
the cardiovascular system in general as well as of the 
heart. The opinions of the various prosectors who carried 
out the postmortem examinations were accepted without 
further review. In 166 patients 1 valve had been replaced; 
in 20 patients 2 valves had been replaced. An analysis of 
the gross and microscopic structure of these replaced 
valves was not always available and, even when made, 
was usually of little help because in most instances the 
valves had been removed in pieces. In these patients, 

«therefore, the operative evaluation of the type of valvular 
defect was accepted in regard to the presence and degree 
of stenosis and insufficiency of the particular valve. When 
valvuloplasty without removal of the valvular cusps had 
been carried out, the postmortem information was added 
to the clinical information in reaching an opinion. 


Results 


Prevalence of Clinically Undetected Valvular Lesions 


The morphologic diagnosis of valvular lesions was 
based solely on the finding of organie valvular abnor- 
malities on gross and microscopic examination. 
Functional changes that could be ascribed to dilata- 
tion of the annulus of the valve were not accepted in 
the anatomic classification, although they may have 
been involved in the clinical diagnosis. Mitral valve 
lesions were graded on a scale of 1+ to 3+ on the 
basis of the extent of the pathologic changes: 1+, 
mild thickening of the mitral leaflets or smal! micro- 
scopic foci of calcium without involvement of chord- 
ae tendineae; 2+, moderate valvular thickening or 
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inflammatory reaction including moderate changes 
in the chordae tendineae; 3+, involvement of the 
mitral leaflets or the chordae tendineae of a magni- 
tude sufficient to cause retraction of the leaflets or to 
produce clear-cut mitral stenosis or insufficiency. 
The severity of the lesions that occurred in the aor- 
tic, tricuspid and pulmonic valves in general was 
graded according to the same standards as those ap- 
plied to the mitral valves. 

Clinical diagnosis of isolated aortic valve le- 
sions (Table I, Fig. 1): In subjects with the clinical 
diagnosis of isolated aortic valve disease, the mitral 
valve was found to be normal in only 42 of 114 cases. 
(37 percent). Thirty-seven (32 percent) had 1+ and 
22 (19 percent) had 2+ mitral valve involvement; 13 
(11 percent) had 3+ mitral valve involvement. that 
was estimated to be hemodynamically significant. | 

When patients with aortic valve disease were clas- 
sified according to whether they had clinically pre- 
dominant aortic stenosis, combined aortic stenosis 
and insufficiency, or clinically predominant or essen- 
tially pure aortic insufficiency, there was no signifi- 
cant difference between subgroups (Fig. 1). 

Clinical diagnosis of isolated mitral valve dis- 
ease (Table I, Fig. 1): (This group included 12 pa- 
tients who also had aclinical or pathologic diagnosis of 
tricuspid disease.) Twenty-eight of 81 patients with 
a diagnosis of isolated mitral valve disease were 
found at postmortem study to have abnormality of 
the aortic valve (35 percent). However, the aortic 
valve abnormality was 2+ in degree in only 2 pa- 
tients, and hemodynamically significant (3+) aortic 
valve involvement was found in only 1. A breakdown 
of the patients with mitral valve involvement into. 
those with mitral stenosis, mitral stenosis and insuf- 
ficiency, and mitral insufficiency did not show any 
significant difference among groups in the overall. 
number of patients with aortic valve lesions. 

Tricuspid valve involvement (Table II): All 55 
patients with organic tricuspid valve involvement. 
had organic changes, usually severe, in the mitral 
valve as well. In 11 no other valve was also impli- 
cated, but in 42 (76 percent) the aortic valve also’ 
was involved, and in 2 there were changes in all 4 
valves. However, in only 8 patients were the anatom- 
ic tricuspid changes hemodynamically significant 
(3+); in 4 the lesion was clinically diagnosed. All 4 
patients with missed diagnoses underwent catheteri- 
zation. 

Reliability of cardiac catheterization and angiog- 
raphy (Table III): One hundred seventy-two pa- 
tients underwent some type of catheterization or 
angiographic procedure, and 87 did not (including 8 in 
whom catheterization was attempted but was unsuc- 
cessful). Combined left and right heart catheteriza- 
tion was performed in 136 patients; left heart cathe- 
terization alone in 21; right heart catheterization 
alone in 12; aortic root angiograms alone in 3. Left: 
ventriculograms were obtained as part of cardiac 
catheterization in 51. Aortic root injection was per- 
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TABLE I 


Clinical Characteristics of Patients with Various Valvular Lesions 


mannesmann n aani iaia CCNA LCC Ct OCC DCL ALCL A TEI 


: igi Atri 
Anatomic RE coer Origin Pe Male Average 
Valvular no. of PENENT Congenital NASEN Sex Age 
Lesion Patients Clin. Diag, no. % RHD Other or Unknown SBE no; % (%) (yr) 
A 42 16 AS 6 14 1 4 37 2 2 5 76 46 
22 ASI 
4 Al 
A with 37 10 AS 6 16 7 5 25 6 1 3 68 46 
1+ MVD 15 ASI 
RAI 
A,M 81 3A+M 49 61 81 0 0 6 49 61 52 48 
17M 
2B A 
OA M,T 42 5A,M+T 23 55 42 0 0 3 24 75 31 46 
; 19 A.-M : 
1OM 
7A 
IM+T 
M 42 4MS . 22 52 40 2 0 4 36. 86 38 48 
25 MS + | 
13M1 
M,T 11 2M+T 5 45 u 0 0 1 9 ae 47 
9M ; 
A,M,P 2 ae 2 100 2 0 0 0 Le 50°: 50 39. 
A.M,T,P 2 ne 2 100 2 0 0 0 1. 50 50 47 
LA‘ aortic; Clin, = clinical: Diag. = diagnosis; | = insufficiency; M = mitral; MVD = mitral valve involvement; "P = pulmonic; ` 





RF = history of rheumatic fever; RHD = rheumatic heart disease; S = stenosis; SBE = history of subacute bacterial endocarditis; - 


T = tricuspid. 


formed as part of cardiac catheterization in 57, and 
coronary arteriography without other type of cathe- 
terization was performed in 1. 

Table III gives the breakdown of the lesions of 
these patients as demonstrated at postmortem 
study. Patients with minimal involvement. of either 
the mitral or aortic valve were considered to have 
hemodynamically unimportant valvular lesions that 
would not be detected at catheterization or angiogra- 
phy; therefore, they were classified as having a “‘con- 
firmed” diagnosis if the major valvular involvement 
was found at catheterization and diagnosed clinical- 
ly. Although 2+ involvement of valves probably did 
not result in hemodynamic abnormalities sufficient 
to permit demonstration by catheterization or an- 
giography, the lesions are nevertheless listed sepa- 
rately here. Patients with 3+ valvular involvement 
comprised the important group. There were 14 in 
whom the diagnosis was not- confirmed at postmor- 
tem examination who had undergone catheterization; 
they represented 8 percent of the total (underdiagnosis 
occurred in 10, overdiagnosis in 4). In the patients 
who had not undergone catheterization, the clinical 


diagnosis was incorrect in 5; 4 with a diagnosis of. 


isolated aortic valve disease proved to have 3+ unde- 
tected mitral valve involvement, and 1 with a clini- 





cal diagnosis. of pure mitral valve disease also had 
aortic stenosis (total 7 percent) 

Although catheterization apparently did not lead 
to a better percentage of correct diagnoses than did 
clinical evaluation alone, the appearance is deceptive 
since many of the patients who underwent catheteri- 
zation had special problems. For example, the vast 
majority of patients with clinically recognized bival- 
vular lesions underwent. cardiac catheterization to 
ascertain to what extent the 2 valves were involved. 
The clinical diagnoses were generally confirmed. 
Moreover, many patients whose diagnosis appeared 
to be clear-cut. did not undergo catheterization. 
Therefore, the 2 groups of patients must be consid- 
ered to be selected groups and cannot be truly com- 
pared. Also, some of the catheterizations were in- 
complete, especially from the point of view of the 
particular lesions missed. 

In 5 patients, clinically diagnosed valvular disease 
was not found at postmortem study: Three patients 
with aortic stenosis who had a diagnosis of mitral 
stenosis of moderate degree at cardiac catheteriza- 
tion showed no abnormality of the mitral valve at 
postmortem study. One patient, with a clinical diag- 
nosis of aortic stenosis and mitral insufficiency con- 
firmed at cardiac catheterization, had only idiopath- 
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Figure 1.The prevalence of: undiagnosed mitral valve. involve- 
ment in patients with clinically diagnosed aortic valve disease; 
-and of undiagnosed ‘aortic valve involvement in. patients with 
clinically diagnosed mitral valve disease. Al = aortic insuffi- 
ciency; AS = aortic stenosis; AS! = combined aortic stenosis 
and insufficiency; Mi = mitral insufficiency; MS = mitral sten- 
osis; MSI = combined mitral'stenosis and insufficiency. 


ic hypertrophic subaortic stenosis at postmortem ex- 
amination. One patient who. did not undergo cathe- 
terization but who had a clinical diagnosis of severe 
aortic stenosis and insufficiency was proved at post- 
‘mortem study to have only minimal aortic valve dis- 
ease with severe coronary artery disease. 

Clinical characteristics of patients (Table I). 
Rheumatic heart disease: A rheumatic origin was 
considered to exist if postmortem examination 
showed changes such as pericarditis, myocarditis (in- 
cluding Aschoff. bodies), endocarditis (including 
~MacCallum’s plaques) and changes in the chordae 
tendineae. All patients with moderate or severe 
changes of the mitral valve were considered to have 
disease of rheumatic origin with 2 exceptions that 






TABLE IH 
Reliability of Cardiac Catheterization* 
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; TABLE H 


Prevalence of Diagnosed and Undiagnosed 
Tricuspid Valve Disease 





Degree of Tricuspid Involvement 


Clinically Not Clinically 
Diagnosed Diagnosed 


Patients with 
Other TVD 


Valves í 
Involved Total no GH 





ib 2b Sb OR Re RET 





M 53 i21 


0 421 41 4 3 2 

M,A -123 420034 0 3 3 2200 42-2 
M,A,P 4 2 60. 0 0 0 1 Io 9 
Total. 180 55. 31 0 4 4 27 16 4 





A = aortic; M = mitral; P = pulmonic; TVD = tricuspid valve 
disease; 


will be noted later. In many patients with mitral 
valve disease no evidence of rheumatic heart disease 
other than the mitral lesion itself was present. l 
The occurrence of predominant aortic valve. dis- 
ease with mild thickening or minimal microscopic — 
foci (1+) of the mitral valve presents a special situa- 
tion. Such lesions may occur because of chronic 
stress situations! and are not necessarily rheumat- 
ic. These lesions, which occurred in 37 patients in a 
our group with aortic valve disease, were not classi- 
fied as having a rheumatic origin unless there was in 
addition a clear-cut history of rheumatic fever (6. 
cases) or Aschoff bodies were present (1 case). Six of 
the 42 patients with isolated aortic valve disease also _ 
gave a history of rheumatic fever, but these patients. 
were not considered to have disease of proved rheu- 
matic origin. A history of acute rheumatic fever was _ 
found in a much higher proportion (58 percent) of © 
the other patients who had significant mitral valve 
involvement, including the 34 who had been given a 
clinical diagnosis of pure aortic valve disease but 





Confirmation of Diagnosis at Postmortem Study 














Valve Disease EREE 
= i Patients With Catheterization Patients: Without Catheterization 
Clinical Anatomic 5 
< Diagnosis Diagnosis Yes No % Yes Yes No % Yes Total ; 
fonao anana aaan aannaaaas a SOOS E EOE 
A Isolated A 31 ni as 10 1 + 42 
Ayl+M 20 a 17 37 
A, 2M is 13 9 22 
A, 3+ M ya 9 Ya pi 4 ied B 
Total 51 22 70 27 4 66 114 
M Isolated M 28 25 53 
M, 1+ A 21 11 za 32 
M, 2+ A Pa i 0 1 
M, 3+ A ie i ae Ha 1 na 2 : 
Total 49 2 97 36 1 97 88 San 
A+M ee 40 4 91 9 0 100 53 E 
eeen a 


~™ Four patients with pulmonic valve involvement not included. 


A = aortic; M = mitral. 
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who were proved to have mitral valve involvement of 
2+ severity or greater. In 1 patient, aged 29 years, 
with aortic stenosis considered preoperatively to be 
congenital, postmortem study revealed rheumatic 
endarteritis and pericarditis and a tricuspid aortic 
valve. 

Thus, there were 8 patients of the 79 with aortic 
valve disease, either isolated or with minimal mitral 
valve changes, in whom a rheumatic origin was con- 
sidered to be established (10 percent), and 6 others 
with isolated aortic valve disease who had a history 
of rheumatic fever. 

Ten of 239 patients in whom microscopic examina- 
tions were made showed. Aschoff bodies. In all in- 
stances mitral valve disease was present. 


Subacute bacterial endocarditis: Eight patients 
with pure aortic valve disease or aortic valve disease 


with minimal mitral valve changes gave a history of . 


subacute bacterial endocarditis. Four of these pa- 
tients clearly had congenital biscuspid aortic valves, 
and in 1 case it occurred in a patient with idiopathic 
hypertrophic subaortic stenosis. Fourteen patients 
who had mitral valve disease with or without in- 
volvement of other valves gave a history of subacute 
bacterial endocarditis. 


Ruptured chordae: Seven patients had ruptured 
chordae tendineae. In 1 instance the valve leaflets 
appeared to be normal, the patient did not have coro- 
nary disease, and the cause of the rupture was not 
clear. In 1 instance it occurred in connection with 
severe coronary disease and posterior papillary mus- 
cle rupture. There were 5 patients with rheumatic 
mitral disease and mitral. insufficiency who had rup- 
tured chordae. Two of these also had a history of sub- 
acute bacterial endocarditis. 

Other etiologic factors: Many of the lesions of pa- 
tients with isolated aortic valve disease were unques- 
tionably congenital in origin; frequently the aortic 
valve was bicuspid. However, it was impossible to 
determine the number of such patients because in 99 
instances the aortic valve had been replaced and de- 
stroyed in the course of removal at operation. In 
many other instances, the aortic valve was so dis- 
torted that it was difficult to tell whether a bicuspid 
aortic valve had originally been present or if com- 
plete fusion of 2 commissures had occurred. 

Three patients had idiopathic hypertrophic 
subaortic stenosis, 1 of whom had associated coarc- 
tation of the aorta; 1 had Turner’s syndrome with 
associated aortic stenosis; 2 had Marfan’s syndrome; 
1 had cardiomyopathy with aortic insufficiency but 
normal valve leaflets. One patient with aortic insuf- 
ficiency, but without aortitis, had rheumatoid arthri- 
tis. One patient with severe coronary artery disease 
had only trivial aortic valve involvement. Two pa- 
tients with predominant mitral valve disease had 
cardiomyopathy, 1 with mitral stenosis and insuffi- 
ciency and 1 with pure mitral insufficiency. 


Combined etiologic causes: (1) One patient had 
coarctation of the aorta, congenital aortic stenosis 
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Figure 2. The prevalence of coronary artery disease of various 
degrees in patients with different valvular lesions. 


and clinically undiagnosed mitral valve disease with 
chordae changes. This patient was considered to 
have disease of both congenital and rheumatic origin. 
¢2) A second patient had coarctation of the aorta, 
congenital bicuspid aortic stenosis and clinically 
undiagnosed mitral valve disease. (3) A third patient 
had congenital bicuspid aortic-stenosis and a history 
of acute rheumatic fever with clinically unrecognized 
mitral valve disease of significant extent. (4) A 
fourth patient had a clinical diagnosis, supported by 
catheterization findings, of aortic stenosis and insuf- 
ficiency, but at postmortem examination, idiopathic 
hypertrophic subaortic stenosis was found with 2+ 
mitral valve disease. This was considered to be con- 
genital and rheumatic in origin. 


Angina Pectoris and Coronary Artery Disease 


The clinical diagnosis of angina pectoris made by 
the cardiologist who had observed the patient before 
operation was accepted as a correct diagnosis. 
Anatomic evidence of coronary artery disease was 
graded on the basis of narrowing of at least 1 major 
coronary vessel: 1+, mild coronary arteriosclerosis; 
2+, moderate coronary arteriosclerosis (narrowing of 
50 to 70 percent of at least 1 major coronary vessel); 
2+, severe coronary arteriosclerosis (narrowing of 70 
to 100 percent of at least 1 major vessel with or with- 
cut a healed myocardial infarction). When a healed 
myocardial infarction was found, the patient’s dis- 
ease was classified on the basis of the degree of coro- 
nary artery disease otherwise detected. 

In the majority of patients, coronary artery disease 
was graded on the basis of gross dissection of the 
coronary arteries, but in some cases a pre-‘or post- 
mortem coronary arteriogram supplemented the 
usual pathologic methods of diagnosing coronary ar- 
tery disease. In the entire series, 76 of 259 (29 per- 
cent) had moderate to severe coronary disease at 
postmortem examination (Fig. 2). The distribution 
among the various types of valvular lesions showed 
no significant difference even though there was male 
sex predominance in patients with aortic valve in- 
volvement (72 vs. 33 percent with mitral valve dis- 
ease). 
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Figure 3. The prevatence of angina pectoris in patients with 


different valvular lesions, as described at postmortem examina- 
tion. AP = angina pectoris. 


Thirty healed myocardial infarctions were found, 
_ about half in patients with severe coronary disease; 
“but in a third, trivial or no coronary disease was 
present. There was no relation to the type of valvular 
involvement (Table IV). 

Eighty-seven of the patients had a clinical diagno- 
sis of angina pectoris (34 percent) (Fig. 3). Angina 
occurred in more than half of the patients with aor- 
tic valve disease, and 50 percent of patients with this 
history had no or only trivial coronary artery disease. 
When 2+ coronary disease changes were present, two 
thirds gave a history of angina; and of the 11 pa- 
tients with severe coronary disease, angina occurred 
in 10. Among patients with mitral valve disease, only 
7 (8 percent) had angina, and all 7 had 2+ or 3+ 
coronary disease. Moreover, the great majority of pa- 
tients who had moderate or severe coronary disease 

did not suffer from angina. In patients with com- 
bined aortic and mitral disease, the incidence of an- 
gina fell between the extremes found in pure aortic 
and pure mitral valve disease. 

The age of the patients with 3+ coronary disease 
averaged 51 years for the group as a whole. There 
was no appreciable difference in the ages of the pa- 
tients. with the various valvular lesions although the 
numbers in the groups were too small for statistical 
comparison. Seventy-five percent of the patients 
with 3+ coronary disease were male. 


Evidence of Systemic Embolization 


Systemic embolization was established in 2 ways. 
(1) There was a clinical diagnosis of such emboliza- 
tion, usually based on the history. In the majority, a 
cerebrovascular incident had occurred, and a history 
of such an incident was accepted as being of embolic 
origin. In a few cases the diagnosis of systemic em- 
bolization was buttressed by angiographic study or 
vascular surgery. (2) There was a postmortem diag- 
nosis of embolization, based on the finding of focal 
parenchymal ischemic infarctions, usually detected 
in the spleen, kidney, liver or the central nervous 
system. 

Recent systemic emboli or evidence of infarctions 
that might have occurred during or after heart sur- 
gery were not included in this study because of the 
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TABLE IV 
Healed Myocardial infarctions 


Healed Infarctions in 
Relation to Degree of 


Infarctions Coronary Artery Disease © 
Anatomic Diagnosis of No. of r e cial NETI MORAS 


Valvular Involvement Patients no Z 0 I 
Sa a a a 
Aortic (including AVD & 79 12 15 1 3 1 7 

1+- MVD) pas 
Mitral (including MVD & © 85 9 l 0 2 4 3 
TVD and/or 1+ AVD} 
Mitral & aortic (including 95 9 1 1 3 1 40 
MVD & AVD & TVD) : : 
Total < 259 30 122 2 8 6 W 





AVD = aortic valve involvement; MVD = mitral valve involve: 
ment; TVD = tricuspid valve involvement. 


many possible causes of such embolization. Also, pa- 
tients with a history of subacute bacterial endocardi- 
tis were excluded from the analysis of systemic em- 
bolization. 
Evidence suggesting old systemic em bolization. 
was found in 41 of 259 (16 percent) of patients. Of 
the 41 patients with evidence of old systemic emboli- 
zation, 39 (95 percent) had mitral valve disease of 
2+ or 3+ severity, existing either alone or in combi- 
nation with other valvular disease. There was no sig- 
nificant difference in the frequency of systemic. em- 
bolization among groups of patients with mitral ste- 
nosis or mixed mitral stenosis and insufficiency (29° 
of 143 [21 percent]) or with predominant mitral 
insufficiency (10 of 37 [22 percent}). i 


Discussion 


Prevalence of Clinically Undetected Valvular Disease 


This study indicates that clinically undetected 
aortic valve disease of significant degree occurs very 
rarely in patients with predominant mitral valve dis: 
ease who are being considered for heart surgery and- 
who have been thoroughly studied by the usual clini- 
cal methods, especially if angiography and cardiac 
catheterization are employed. This may occur be- 
cause the murmurs of mitral stenosis or insufficiency — 
are usually limited to the apical area so that the 
murmurs of aortic stenosis or insufficiency should be 
readily recognized as separate murmurs. 

The modification of the usual physical signs of 
aortic valve disease in the presence of mitral valve 
disease has been commented upon by others,5-© but 
such studies are largely concerned with the relative 
importance of the lesions of the 2 valves, which can 
usually be assessed by catheterization and angio- 
graphic tests. In our series, the majority of patients — 
with clinically suspected bivalular disease were 
studied by such special techniques, and in most. 
instances the diagnosis was confirmed. ares 

In contrast, a significant number of patients with 
predominant aortic valve disease had undiagnosed: 
mitral valve involvement of some consequence, Aor- 
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tic stenosis commonly gives rise to a systolic murmur 
that is heard at the apex, often of a different quality 
than the harsh ejection basal murmur, and the aortic 
diastolic murmur is frequently transmitted to the 


apex. This leads to confusion in the clinical evalua-: 


tion of these patients. Significant coexistent mitral 
valve disease may be missed even if careful hemody- 
namic studies are made. 

It is not surprising that organic tricuspid valve le- 
sions are frequently missed. Patients with involve- 
ment of these valves being considered for surgery al- 
ways have mitral valve involvement and usually aor- 
tic valve involvement as well. It is impossible to dif- 
ferentiate tricuspid insufficiency due to dilatation of 
the annulus from that due to organic changes. Most 
‘of these patients have atrial fibrillation as well as 
chronic heart failure at the time they come under 
scrutiny for surgery. 


Etiology of Valve Disease 


Although there has been disagreement as to the 
extent to which aortic stenosis and aortic insufficien- 
cy are of rheumatic origin, there is increasing evi- 
dence indicating that the majority of such lesions are 
nonrheumatic. The recent studies of Roberts’ have 
added further convincing evidence on this point, and 
our findings are in agreement with his. Our data did 
hot permit us to analyze the prevalence of congenital 
aortic stenosis or bicuspid valves. 

Significant mitral stenosis may rarely be present 
when the origin is clearly nonrheumatic; and mitral 
insufficiency may occur in nonrheumatic cardio- 
myopathy or be due to ruptured chordae in patients 
with normal valves or with coronary artery disease. 


Angina Pectoris and Coronary Artery Disease 


There are conflicting reports concerning the asso- 
ciation of coronary artery disease and valvular heart 
disease. Dry and Williams® stated that the degree of 
coronary artery disease is inversely proportional to 
the anatomic degree of aortic stenosis. In contrast, 
Coleman and Soloff* found that coronary artery dis- 





ease was more common in aortic valve disease alone 
or combined with mitral disease than in isolated mi- 
tral valve disease. Angina pectoris is known to be as- 
sociated with aortic valve disease. Levine!® stated 
that angina in aortic stenosis is probably the result 
of the Venturi effect of the jet blood stream tending 
to empty the coronary arteries. Also, as a result of 
stronger systolic left ventricular contraction and 
marked hypertrophy, it is postulated that there is 
excessive compressive constriction of the coronary 
arteries during systole, and the work of the left ven- 
tricle is greatly increased in proportion to the coro- 
nary arterial flow. 

The distribution of coronary artery disease appears 
to be the same in all patients regardless of the valvu- 
lar lesion. It would thus appear that neither aortic 
nor mitral valve disease protects the patient against 
coronary artery disease, and our results indicate that 
if angina is present in patients with predominant mi- 
tral valve disease, one may expect to find significant 
coronary artery disease. However, a good many pa- 


. tients with aortic valve disease had angina without 


significant coronary disease. If angina was not pres- 
ent in these patients, severe coronary disease rarely 
was found. 


Systemic Embolization in Valvular Heart Disease 


The overall incidence of 16 percent systemic em- 
bolization would be increased to 21 percent if pa- 
tients with isolated aortic valve disease were exclud- 
ed. This is consistent with the report by Wood, 
who found a 13 percent incidence, and of Coulshed 
et al.,12 who found an 18.7 percent incidence. 

It has been our opinion,!3 as well as that of others, 
that systemic embolization is less common in pa- 
tients with pure mitral insufficiency than in those 
with mitral stenosis or mixed stenosis and insuffi- 
ciency. Coulshed et al.12 have recently published evi- 
dence that such embolization occurs as commonly 
in patients with mitral insufficiency as in those with 
mitral stenosis. The results of our current study sup- 
port these conclusions. 
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Recent investigations demonstrating short platelet survival time in 

patients with prosthetic heart valves have suggested that platelets 

contribute to thromboembolism in this group. New prostheses have. 
proved fess thrombogenic than those previously employed, but plate- 

let survival studies in patients with these valves are lacking. In this. 
study, the Beall mitral prosthesis, known to be infrequently associ- 
ated with thromboembolism, was used as a model, and platelet sur- 
vival time and its relation to hemolysis, thrombosis and the surface. 
area of the disc weré determined in'9 patients. Platelet survival time 
was normal in 6 of 9 patients, and mean survival time (6.5 + 0.29 
days) did not differ significantly from normal (6.73 + 0.21 days; P 
>0.50). Platelet survival time was inversely related to increasing | 
disc surface area but did not correlate with the presence or degree 
of hemolysis. The fact that platelet abnormalities were not demon- 
strable in patients: with Beall valves may explain the low incidence of 
thromboembolism in this group. Platelet survival studies may be use- 
ful for determining the thrombogenic potential of valvular prostheses i; 
and for evaluating newer prosthetic materials and designs. ; 











Prosthetic cardiac valves provide an excellent means for correcting: 
the hemodynamic abnormalities associated with valvular heart dis- 
ease. Until recently, however, their value was compromised -by 
thromboembolic complications which represented a frequent cause of 
late morbidity and mortality.1-6 This problem was most evident in. 
patients with a mitral valve prosthesis, and anticoagulant therapy 
was not successful in reducing the incidence ‘of systemic emboli-in ’ 
this group.1 2 i 
Studies of platelet function revealed that platelet survival time is 
significantly shortened in these patients?-8 and suggested that plate- 
lets, which are unaffected by conventional anticoagulant therapy? 
and play a key role in initiating thrombosis,}° contribute to throm- 
boembolism in patients with a prosthetic mitral valve. If this is the. 
case, it is reasonable to assume that in patients having valves associ- 
ated with a low incidence of emboli, alterations in platelet survival 
time would be less marked. Many of the newer prosthetic valves are 
less frequently associated with systemic emboli than those previously 
employed. The incidence of embolic episodes in patients with Beall 
valves is less than 5 percent in most reported series,}1.12 and Hodam | 
et al.13 reported only 7 late emboli in 198 patients with totally cloth- ; 
covered prostheses. In our own experience with 72 patients with a- 
Beall valve followed up to 44 months, there have been only 2-ques- 
tionable emboli. It was the object of this investigation, therefore, 
to study platelet function in a group of patients with a Beall pros- _ 
thetic valve in an attempt to clarify the relation between platelet 
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TABLE | 
Clinical Data, Valve Size, and Platelet Survival in 9 Patients 8 
with a Beall Mitral Valve Prosthesis 
, Platelet 7 
Case Age (yr) Beall Valve Survival Time 
no. & Sex Size (days) 5 
1 37M Small 6.6 
a* 58M Medium 6.8 5 
3 55M Small 5.6 
4 28M Medium 4.8 BEALL 
5 49M Large 5.8 § PROSTHESIS 
6 44M Smail 7.6 
7 57M Medium 6.0 
8 38M ; 7 , ; 
9 z+ al a. Figure 1. Platelet survival time (days, mean, + SEM) in 7 nor- 


mal control subjects and in 9 patients with a Beall mitral valve. 





* Coronary artery disease. 


TABLE II 
Indexes of Hemolysis and Platelet Survival in 9 Patients with a Beall Mitral Valve Prosthesis 








Reticulocyte Bilirubin: Platelet Survival 

Hematocrit’ Count Total/Direct LDH Time 

Case no. (%) (%) (mg/100 sal) (Wacker u/mi) Haptoglobin* (days) 
1 36+ 5.5 2.8/0.4 2900 0 6.6 
2 37t 6.2 2.4/0.3 3800 0 6.8 
3 44 2.4 1.5/0.4 870 47 5.6 
4 40+ 3.2 1.8/0.3 1935 21 4,8 
5 42 | 0.5 0.8/0.4 165 85 5.8 
6 4l 1.0 1.2/0.3 220 68 7.6 
7 324 5.8 2.7/0.6 3900 0 6.0 
8 38+ 4.5 2.3/0.8 3500 0 7.0 
9 40 0.5 1.0/0.3 180 105 7.8 


* Mg hemoglobin bound/100 ml. 
+ Iron therapy. 


survival time and the incidence of systemic emboli in 
patients with prosthetic heart valves. 

In addition, factors other than the type of valve 
employed have been suggested to affect platelet sur- 
¿vival in this group. These include (1) the surface 
area of the ballè or, in this case, the disc in the valve 
employed, and (2) the presence of hemolysis.’ An ef- 
` fort was also made to determine the influence of 
these factors on platelet survival time. 


Methods 


Platelet survival time: Platelet survival time was de- 
termined by using autologous 5chromium-labeled plate- 
‘Jets according to the technique of Aster and Jandl.™ 

Indexes of hemolysis: Hematocrit, hemoglobin, reticu- 
locyte count, bilirubin, haptoglobin binding and serum 
lactic dehydrogenase. (LDH) were determined in all pa- 
> tients at the time of platelet survival study. 

Subjects (Table I): Platelet survival time and indexes 
of hemolysis were determined in 9 patients with a Beall 
valve prosthesis. The patient group included 8 men and 1 
woman, aged 28 to 58 years, who had had a prosthetic 





valve placed 3 to 39 months before study. With the excep- 
tion of 2 patients who had had valve replacement as a re- 
sult of coronary artery disease and severe papillary muscle 
dysfunction, all had underlying rheumatic heart disease. 


Results 


Platelet survival time (Fig. 1): Platelet survival 
in 7 normal control subjects ranged between 6.0 and 
7.35 days with a ‘mean platelet survival time of 6.73 
+ 0.21 days (standard error of the mean). Platelet 
survival time was normal, that is, more than 6 days, 
in 6 of 9 patients with a Beall valve prosthesis, and 
mean survival time for the entire group was 6.50 + 
0.29 days, which does not differ significantly from 
normal (P >0.50). In 2 of 3 patients with shortened 
survival time, the degree of abnormality was minimal. 

Hemolytic studies (Table II): Evidence of he- 
molysis was demonstrated in 8 of 9 patients with a 
Beall valve prosthesis as judged by abnormalities in 
cone or more of the indexes of red cell destruction ob- 
tained. There was no correlation between shortened 
platelet survival time and the presence of hemolysis. 
Four patients had severe hemolysis, as indicated by 
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absent haptoglobin binding, increased serum biliru- 
“bin, serum LDH values exceeding 2,500 units/ml, 
< and anemia with iron therapy; none had short plate- 
‘let. survival time. Four additional patients had evi- 
dence of much less severe red cell destruction, and 3 
of these had short platelet survival time. The single 
patient without evidence of hemolysis had normal 
platelet survival time. 
> Relation of surface area of the disc to survival 
time: The surface areas of the small, medium and 
“large Beall discs are 9.4, 10.5 and 12.9 x 102 mm2, 
respectively. Of the 5 patients studied who had a 
small-sized valve, 4 (80 percent) had normal platelet 
survival. Two of 3 patients with a medium Beall 
prosthesis (67 percent) had a normal survival time. 
The single patient with a large-sized valve had 
slightly shortened platelet survival. 


Discussion 


Previous studies in patients with prosthetic heart 
valves have demonstrated shortened platelet survival 
time.’ These investigations, however, were per- 
formed in patients with valves known to be associ- 
ated with a significant incidence of thromboembo- 
lism, and thus the role of platelets in the pathogen- 
esis of thrombosis in these patients and the value of 
platelet survival time in predicting a tendency 
toward thrombosis remained unknown. Systemic 
embolism is infrequent in patients with Beall 
valves.11.12 Demonstration that platelet survival 
time is normal in these patients is consistent with 
the low incidence of thromboembolism reported and 
offers support for the view that platelets contribute 
to thrombosis in patients with cardiac valvular pros- 
theses. The fact that platelet inhibitors have been 
demonstrated (1) to correct abnormalities in platelet 
survival time,7-8 and (2) to reduce thromboembolism 
in patients with prosthetic valves!5 is also consistent 
with this concept. 


In addition, demonstration that platelet survival is” 
normal in patients with a prosthetic valve associated : 
with a low incidence of thromboembolism suggests 
that platelet survival time may be a useful means of. 
indicating the thrombogenic potential of a given. 
valve; in this manner, it may be of value in evaluat- 
ing newer prosthetic materials and designs. Further 
investigations in this area seem indicated, including | 
studies of platelet survival in patients with homo- 
graft valves, Starr-Edwards cloth-covered prostheses” 
and other prostheses infrequently associated with 
thromboembolism. 

It has previously been shown that the degree to 
which platelet survival time is shortened in ball 
valves is directly related to the surface area of the 
ball.8 The results of this study are in agreement with 
that observation and suggest that a similar relation 
is present for patients with disc valves. However, 
platelet survival was normal in 6 of 8 patients with a 
small or medium dise (comparable in surface area to 
an aortic ball) and was only minimally shortened in 
the patient with a large disc (similar in area toa 
mitral ball). These data suggest that factors other 
than the surface area of the poppet are important; 
These probably include (1) the prosthetic material 
employed, (2) the hemodynamic and flow character- 
istics of the valve, and (3) the shape of the poppet. 
Platelet survival studies may be useful in evaluating 
the relative importance of these factors. 

The cause of shortened platelet survival time in 
some patients with a prosthetic heart valve remains 
unclear. Because adenosine diphosphate (ADP) is a 
potent stimulus of platelet aggregation, it seemed 
reasonable that valve-induced hemolysis with associ- 
ated red cell ADP release might contribute to short- 
ened platelet survival time. The finding that even 
severe hemolysis was not associated with short plate- 
let survival time contradicts the concept that red cell 
ADP release plays a significant role in this process. 
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Recent clinical reports have suggested that conduction disturbances 
of the Wenckebach type occur below the atrioventricular junction. 
The purpose of this study was to demonstrate this type of conduction 
delay within the canine specialized Purkinje fiber system and human 
ventricular tissue. Conventional microelectrode techniques were uti- 
lized in these experiments. Wenckebach periods with 4:3 conduc- 
tion occurred within the His bundie in response to hyperkalemic 
(10.8 mEq/liter) Tyrode infusion. Impalement into the false tendons 
of the right and left bundle demonstrated typical 5:4 and 3:2 inter- 
electrode Wenckebach periods after administration of nicotine. Simi- 
lar studies were performed in the distal specialized conducting sys- 
tem where microelectrodes were impaled in a terminal Purkinje cell 
and ventricular cell. With the administration of acetylstrophanthidin 
and subsequent development of automaticity, beats conducted in 
orthograde fashion demonstrated typical 3:2 Wenckebach conduc- 
tion while maintaining 1:1 stimulated retrograde conduction. When 
human ventricular tissue was exposed to Tyrode solution containing 
4 X normal potassium (10.8 mEq/liter), conduction times from the 
stimulating to recording electrodes demonstrated 4:3; 3:2 and, fi- 
nally, 2:1 Wenckebach conduction. These experiments demon- 
strated the electrophysiologic evidence for Wenckebach structures 
at all levels of the canine His-Purkinje system and human ventricular 
muscle. 


It has been stated! that Wenckebach structures are confined to the 
atrioventricular (A-V) junction. More recent clinical reports?* have 
demonstrated Wenckebach structures occurring within the special- 
ized conducting system below the A-V junction, This report docu- 
ments electrophysiologically Wenckebach periods recorded from ca- 
nine Purkinje and human ventricular muscle, thereby providing evi- 
dence that such events do indeed occur below the A-V nodal area. 


Methods 


Adult dogs weighing from 8 to 15 kg were anesthetized with sodium 
secobarbital (30 mg/kg intravenously). After a lateral thoracic wall incision 
the heart was excised and immediately placed in oxygenated Tyrode solu- 
tion. In studies pertaining to A-V junction and penetrating portion of the 
His bundle, the tissues were exposed under a dissecting microscope while 
the tissue was perfused in a 150 ce muscle chamber. The technique is de- 
scribed elsewhere.® In studies involving more distal portions of the special- 
ized conducting system, strips of ventricular tissue containing the desired 
portion of the Purkinje system were placed in a 50 ce muscle chamber con- 
tinuously perfused with oxygenated Tyrode solution. The Tyrode solution 
contained the following in millimoles per liter: sodium chloride 137.0, po- 
tassium chloride 2.7, magnesium chloride 0.5, sodium biphosphate 0.18, so- 
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Figure 1. A, action potentials recorded from the penetrating 
“portion (top strip) and bifurcating portion of the His bundie (bot- 
tom strip). The response in the distal cell represents 4:3 and 
2:1 interelectrode block, The third, fifth and ‘ninth responses in 
the bottom strip are local responses, indicative of conduction 
failure close to the distal recording microelectrode. B, rapid 
“sweep. speed of a 4:3. Wenckebach period demonstrating pro- 
gressive prolongation of interelectrode. conduction times. Action 
‘potentials recorded in the proximal cell are superimposed. The 
third propagated impulse demonstrates a very slow rise time of 
‘phase 0. The subsequent applied stimulus fails to induce a prop- 
agated action potential to the distal cell. 


dium bicarbonate 12.0, glucose 5.5, calcium chloride 2.7, 
‘This solution was perfused into the muscle chamber at a 
rate of 4 cc/min and maintained at 32 + 1 ©. 

The microelectrodes, drawn from 1 mm Pyrex glass 
capillary tubing, had a tip diameter of less than 0.5 x. 
Preamplification, capacitance neutralization, analog re- 
cording and. oscilloscopic monitoring techniques are de- 
scribed in a previous communication.€ Data were dis- 
played on a Tektronix 564 memory oscilloscope, and per- 
manent records were obtained by both Polaroid and Grass 
camera photography. Variations in tissue preparations 
and procedural changes are described under results. 


Results 
Observation 1: His Bundle Region 


After exposure of the A-V junction and His. bun- 
dle, the tissue was then allowed to recover for several 
hours. The stimulus was then applied to the proxi- 
mal portion of the His bundle immediately below the 
A-V junction. Microelectrodes were then impaled, 1 
into the penetrating portion ef the His bundle proxi- 
mal to the stimulating electrode and. 1 distal into the 
His bundle at its bifurcation. Hyperkalemic Tyrode 
solution (10.8 mEq/liter) was then perfused into the 
tissue'chamber, and 12 minutes later the data shown 
in Figure 1A were recorded 
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The response in the proximal recorded cell (top 
tracing) was typical of a Purkinje monophasic action 
potential with a rapid upstroke of phase 0 and over- 
shoot. Each applied threshold stimulus resulted ina 
propagated response to the proximal cell. However, 
the response observed in the distal cell (Fig. 1A, bot- 
tom tracing) was irregular with 4:3 and 2:1 con- 
duction. The third, fifth and ninth responses in the 
distal cell are local responses indicative of conduc- 
tion block proximal to the distal impaled cell. When 
the recorded action potentials were displayed at 
more rapid sweep speeds (Fig. 1B), interelectrode 
conduction demonstrated conduction delay of the 
Wenckebach type. Successive action potentials re- 
corded from the proximal cell were superimposed. 
Interelectrode conduction time of the first cycle was 
107 msec and was prolonged to 125 msec in the- 
second cycle. However, the third recorded response 
in the distal cell was further prolonged, and onset of 
depolarization occurred 135 msec after depolariza- 
tion of the proximal cell. The reponses recorded in 
the distal cell demonstrated a prepotential or hump 
indicative of fragmentation of conduction, In addi- 
tion, although the onset of phase 0 of the third com- 
plex began after a 135 msec interelectrode conduc- 
tion time, the response evoked in this cell was poor 
and demonstrated a very slow upstroke so that phase | 
0 lasted longer than 75 msec. The fourth applied 
stimulus again evoked a normal response in the 
proximal cell, but only a local response in the distal © 
cell. The data recorded in this experiment demon-. 
strate interelectrode Wenckebach conduction occur- 
ring in the His bundle in response to excess potassi- _ 
um concentration. 


Observation 2: False Tendon 


In this experiment, a canine Purkinje bundle was 
stimulated at threshold intensity by platinum elec- 
trodes. Two Purkinje cells were impaled, 1 proximal 


Figure 2. Continuous strips recorded from a canine false tenes 


don. The microelectrodes were placed proximal and distal to the 
stimulus. Action potential 1 (first pair, strip A} was recorded. 


from the proximal cell, and action potential 2 from the distal: a 
cell. The conduction times to the distal cell become progrese 1:2 
sively longer until the distal cell records only a focal responses.” 


(second pair, strip B). After this, 4:3, 2:1 and 3:2 conduction 
occurs (strips B, C and D), terminating in interelectrode ‘block 
(strip E). 
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and 1 distal to the stimulating electrodes. Action po- 
tential 1 (Fig. 2, strip A) was recorded from the 
proximal cell, and action potential 2 from the distal 
cell. Thirteen minutes after administration of a 100 
ug bolus injection of nicotine, the data in Figure 2 
were observed. In strips A and B, interelectrode con- 
duction times were progressively prolonged, the dis- 
tal action potential arising from a prepotential or 
step. The first pair of action potentials in strip A had 
an interelectrode conduction time of 170 msec. The 
propagation time between the second pair was 185 
msec and was further prolonged to 205 msec in the 
third pair. The last conducted distal action potential 
(first pair of complexes in strip B) had a conduction 
time of 260 msec. This was then followed by intere- 
lectrode block, shown by recording a proximal action 
potential that failed to propagate to the distal mi- 
croelectrode which recorded only a local response 
(strip B, second pair). This was followed by 2:1 and 
3:2 conduction disturbance of the Wenckebach 
type, terminating in interelectrode block (strip E) in 
which only local responses were recorded. Thus, the 
site of Wenckebach delay occurred within the distal 
specialized Purkinje conduction system. 

The nicotine-induced Wenckebach structure ob- 
served in Figure 2 is similar to that observed in the 
A-V junction. However, 2 interesting phenomena 
are observed in this figure. The increments of prolon- 
gation of conduction are not typical of “classic” 
Wenckebach conduction. On the other hand, such 
atypical structures are not infrequently observed, 
especially in response to atrial pacing. A second in- 
teresting feature is that when interelectrode conduc- 
tion depression is maximal, that is, between the last 
conducted pair of each group, a second local re- 
sponse is observed in the proximal recorded cell (first 
pair, strip B; middle pairs, strip C and D). The sec- 
ond depolarization occurring in the proximal cell is 
distinctly related to the delayed action potential 
arising in the distal cell or cells. Such local responses 
can be considered as attempted reentrant excitation 
and occur most frequently when conduction depres- 
sion is severe. If such local responses attain sufficient 
magnitude to reach threshold potential, a reentrant 
action potential may occur. In Figure 2, the magni- 
tude of this reentrant local response increases with 
each successive beat of the Wenckebach cycle. Thus, 
the severe conduction depression in association with 
Wenckebach periods enhances the probability of 
reentrant arrhythmias. 


Figure 3. Action potentials recorded from 
the distal Purkinje system. The first and third 
(orthograde) complexes demonstrate 
Wenckebach structure resulting in a dropped 
distal response (A‘’ only). However, retro- 
grade conduction is maintained with 1:1 
conduction. 


Observation 3: Terminal Purkinje System 


Several studies have recently provided evidence 
showing that impulse propagation may be blocked in 
the terminal Purkinje system.7-!° To study conduc- 
tion in the terminal Purkinje system, the tissue was 
prepared so that the stimulating electrodes were in- 
serted in the ventricular muscle and the microelec- 
trodes were impaled into a proximal ventricular and 
distal Purkinje cell. Thus, the direction of impulse 
propagation was from ventricular to Purkinje cell. 
Acetylstrophanthidin was then infused into the bath 
until automaticity developed. In Figure 3 the second, 
fourth and sixth complexes are stimulated in retro- 
grade fashion. This is shown by the ventricular acti- 
vation preceding activation of the Purkinje fiber. Im- 
pulse propagation induced by automaticity proceed- 
ed in orthograde manner to activate the Purkinje 
fiber first and subsequently the muscle (pairs A-B 
and A’-B’). However, the fifth orthograde potential 
(A’’) fails to excite the distal recorded ventricular 
cell. When pairs A-B and A’-B’ are displayed at a 
more rapid sweep speed (top) and are superimposed, 
orthograde conduction times demonstrate a Wencke- 
bach structure. Conduction time of the first pair 
(A-B) was 47.5 msec. The complex stimulated in re- 
trograde manner occurs (second pair) and is followed 
by the second orthograde pair (A’ and B’) with an 
interelectrode conduction time of 60.6 msec. The 
subsequent orthograde complex (A’’) is blocked dis- 
tal to the impaled Purkinje fiber. Thus, Wenckebach 
structure is observed, in this instance as a result of 
digitalis administration. 

The Wenckebach structures in this experiment 
were observed in the terminal Purkinje system. How- 
ever, the definitive site of conduction depression is 
not specifically known, since it could have occurred 
within the Purkinje bundle distal to the microelec- 
trode, at the Purkinje-muscle junction or within the 
ventricular tissue. Furthermore, it may be contended 
that the orthograde Wenckebach conduction may be 
due to refractoriness induced by the previous com- 
plexes stimulated in retrograde fashion. Detailed ex- 
amination of the recorded data showed that orthog- 
rade Wenckebach periods were independent of the 
previous complexes, as evidenced by the persistence 
of 3:2 orthograde conduction, and independent of 
the time relation to the preceding stimulated retro- 
grade complexes. In addition, this experiment dem- 
onstrated unidirectional block with 3:2 orthograde 
and 1:1 retrograde. conduction. 
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Figure 4. A, action potentials recorded 
from human papillary muscle and the corre- 
sponding Lewis diagram (2.5 times scale). 
Conduction times from the stimulus artifact 
to the proximal cell demonstrate a 4:3 B 
Wenckebach period. In addition, interelec- 
trode conduction is successively prolonged. 
B, continuous rhythm strip of A. Conduction 


varies from 4:3 and 3:2 (strips A through = el 3 


D) to 2:1 (strips E and F) in response to 
excess potassium. F 


Observation 4: Human Ventricular Muscle 


This study utilized human papillary muscle surgi- 
cally excised at the time of mitral valve replacement. 
Figure 4 (top) illustrates the effect of perfusion with 
Tyrode solution containing 4 X N potassium chloride 
(10.8 mM/liter). Microelectrodes were impaled prox- 
imal and distal to the stimulating electrodes in a lin- 
ear fashion. The conduction time recorded from the 
stimulus to the first action potential (S-AP;) was 20 
msec, and the interelectrode conduction time (AP;- 
AP2) was 77 msec. The second pair demonstrated 
conduction times of 29 and 110 msec, respectively. 
The third pair, S-AP,, showed a small increment of 
3 msec, thereby prolonging conduction to 32 msec. 
The corresponding interelectrode conduction time 
(AP;-AP2) was prolonged by an additional 14 to 124 
msec. However, the fourth applied stimulus failed to 
induce a propagated action potential to either mi- 
croelectrode. The data from this experiment are 
characteristic of the Wenckebach periodicity. Con- 
tinuous rhythm strips (Fig. 4, bottom) demonstrated 
various degrees of block (rows B, C and D) which 
progressed to 2:1 block (panel F). Perfusion with 
normal Tyrode solution restored conduction times to 
their control value. 

When the Wenckebach periods are displayed at 
more rapid sweep speeds, and phase 0 is recorded 
with its corresponding derivative, the rise time is 
more rapid in the first complex of each Wenckebach 
period (Fig. 5). Successive 0 phases demonstrate di- 
minished rise time. Changes such as these may be 
considered decremental in nature, where each suc- 
cessive action potential demonstrates progressive di- 
minution in phase 0 rise time. 


Discussion 


This study has provided direct electrophysiologic 
evidence for the presence of Wenckebach periodicity 
in the canine His bundle, false tendon and terminal 
Purkinje system as well as in human ventricular tis- 


sue. These disturbances of conduction have been ob- 
served in response to potassium excess, digitalis and 
nicotine. Previous reports from our laboratory! have 
also demonstrated Wenckebach structures occurring 
in false tendons in response to hypoxia. 

Localization of the site or sites of conduction delay 
is more readily accomplished utilizing intracellular 
electrophysiologic techniques. It has been proposed? 
that conduction depression in the normal canine 
His-Purkinje system is most likely to occur at the 
site where action potential duration and, hence, re- 
fractoriness is longest.* If the Wenckebach periods 
observed clinically occurred in the terminal Purkinje 
system, then conduction delay would necessarily 
occur at a multiplicity of sites involving all of the 
terminal conducting system. Although Wenckebach 
periods may be observed in the distal Purkinje sys- 


*Refractoriness within the His-Purkinje system need not nec- 
essarily be totally dependent upon action potential duration as is 
observed in atrial’? and ventricular’? tissue. 


Cee ———OV/ET 





Figure 5. Rapid display of a 3:2 Wenckebach period in 
human ventricular tissue induced by potassium. The first deriva- 
tive (dV/dt) of phase 0 is recorded. The first phase 0 of the pe- 
riod demonstrated a faster rise time evidenced by the greater 
amplitude of the derivative. The second complex demonstrated 
a diminished rise time and the third stimulus failed to excite a 
propagated response. 
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tem (Fig. 3) or at the Purkinje-muscle junction, %8 
the simultaneous. occurrence of identical Wencke- 
bach periods in the many branches of the Purkinje 
system appears. unlikely. Such disturbances of con- 
duction may occur in more proximal Purkinje bu- 
ndies (Fig. 1 and 2) where action potential durations 
and refractoriness are, indeed, shorter than in the 
terminal Purkinje system. Lesions of the more proxi- 
mal Purkinje system would more readily give rise to 
Wenckebach periods. Hence,’a discrete lesion close 
to a bifurcating bundle could yield results similar to 
those observed clinically. 

The occurrence of Wenckebach periods in human 
ventricular tissue exposed to K+ excess raises sever- 
al interesting points. It is possible that Wenckebach 
periodicity occurring in ventricular tissue activated 
by a normal Purkinje system may give rise to QRS 
configurational changes. In the reported cases?-4 the 
appearance of left bundle branch block was attrib- 
uted to disturbances of conduction in the Purkinje 
system. Although it is unlikely that the entire left 
ventricular muscle should demonstrate such conduc- 


tion disturbances, the presence of localized Wencke- 
bach conduction delay should be considered a mech- 
anism for QRS changes. In addition, the stimulating 
electrodes applied to the ventricular tissue may be 
analogous to a parasystolic focus.11:14 Thus, the re- 
corded action potentials and their respective conduc- 
tion times may be considered evidence in support of 
the Wenckebach exit block in parasystolic foci.11:14 

The electrophysiologic demonstration of decre- 
mental conduction within the A-V junction!5-16 has 
provided a basis for Wenckebach periodicity. 
Changes compatible with decremental conduction 
have been observed within the Purkinje system,17-20 
thus supporting the tenet that the specialized con- 
ducting system may conduct with decrement, similar 
to the A-V junction. The relatively infrequent obser- 
vation of Wenckebach periods below the A-V junc- 
tion suggests that the His-Purkinje system may be 
more resistant to alteration of conduction. Alterna- 
tively, changes in His-Purkinje conduction may be 
obscured by the presence of simultaneous block 
within the A-V junction. 
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To establish the temporal relation of the second heart sound to left 
ventricular ejection during various conditions of preload, afterload 
and ventricular function, the electromagnetic aortic flow, aortic pres- 
sure, left atrial pressure, external phonocardiogram and electrocar- 
diogram were recorded in 15 open chest chloralose-anesthetized 2 
dogs. Propranolol and atropine were infused to hold heart rate and 
contractility relatively constant. Preload was varied by volume : 
changes, afterload by aortic constriction or angiotensin or metho) . 
mine infusion, and ventricular function by citrate or barbiturate infu- 
sion. Fitteen-hundred cycles were analyzed using photographic re- ne 
cordings at 200 mm/sec with 0.04 or 0.004 second time lines. _ o 

The onset of the second heart sound occurred an average of 5.2 
+ 2.6 msec before the nadir of flow reversal and 23.2 + 5.7 msec _ 
after the onset of rapid deceleration of flow. The latter interval could. 
be varied by preload, afterload or changes. in ventricular tunction a 
without changes in the relation of the second sound to flow reversal. 
Recordings of the first derivative of aortic flow revealed the onset of. 
the second heart sound to occur simultaneously with peak decelera- 
tion of aortic flow (0.3 + 2 msec) under all hemodynamic conditions. _ 
External and internal systolic intervals correlated well during all ma- < 
neuvers (r = 0.90, P <0.001). These data indicate that the second _ 
sound is temporally related to flow reversal, not the onset of rapid 
deceleration, and support the hypothesis that the second sound re- | 
sults from the peak deceleration of forward flow and from the ac- 
celeration of backflow in the aorta. 


The exact temporal relation of the second heart. sound to left ven- 
tricular ejection is controversial.t A number of studies indicate that 
the second heart sound occurs at the moment of aortic incisura,?-* 
which in turn has been reported to occur at the time of aortic flow 
reversal.> Conversely, the second sound has been reported to occur a 
full 25 msec before flow reversal, while forward flow is still in prog- 
ress, and to vary in its temporal relation to flow reversal during 
changing conditions of afterload and ventricular contractility.® 

The exact temporal relation of the second heart sound is critical. 
not only to the mechanism of its production, but also to the validity. 
of using external systolic time intervals as estimates of ventricular 
function. For such intervals to be meaningful, they must correctly 
time left ventricular events under a variety of hemodynamic condi- 
tions.8-? Although internal and external systolic intervals have been « 
reported to correlate well at normal levels of preload, changes in the 
relation of the second sound to ventricular ejection have been:sug- 
gested to affect seriously such correlations at high preload levels, 1041 

To clarify the exact temporal relation of the second heart sound to 
left ventricular ejection under various hemodynamic conditions, the 
following studies were performed. 
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TABLE | 


Average Temporal Relation in Milliseconds Between Onset of 
Second Heart Sound and Onset. of Rapid Deceleration of 
Flow (S.-ASlope), and Nadir of Flow Reversal (S,~FR) Under 
All Hemodynamic Conditions 











Cycles 
Measured 
and 

Dog no. Averaged S.-ASlope SFR 

A 50 ~—23,0 + 6.6 0.5 2.0 
1 110 21.8 + 4.2 7.5 2.0 
2 70 —~ 22.8 a: 2.0 1.9 2b 2.8 
3 82 22.4 4+: 6.3 4.0 3,3 
4 62 28.0 7.6 1.7 + 3.7 
5 102 —23.4- 6.0 4.3. 5.0 
6 118 23.8 & 1.4 4.3: 2.2 
7 140 197+ 7,6 6.9: 3.0 
9 55 19.3 4,4 10.6 3.8 
ll 114 ~ 25,0 4.4 9.24 3.1 
12 95 18.4 4 8.8 11,3 + 3.5 
13 103 31,9 8.0 2.0 2.0 
14 100 — 22.4 6.6 3.4 2.0 
15 102 22.5 +: 6.3 6.5 + 0.8 
16 104 —23,3 5.4 3.9: 1.7 
Mean 1492 23.2: 5.7 5.2 2.6 

Methods 


Fifteen adult mongrel dogs were anesthetized with in- 
travenous alpha chloralose (80 mg/kg) 30 minutes after 
subcutaneous administration of morphine sulfate (1 mg/ 
kg). In Dogs 5 to 15, intravenous. propranolol and atropine 
sulfate were administered in an initial.dose of 0.6 and 0.4 
mg/kg, respectively, followed by a constant infusion of 0.6 
and 0.08 mg/kg per hour, respectively, throughout the ex- 
perimental period. Tracheostomy was performed, positive 
pressure respiration instituted and the left chest: opened. 
An electromagnetic flow probe.(Zapeta Instruments) was 
placed.on the ascending aorta immediately above the aor- 
tic valve. Thus, in each case, this probe measured the aor- 
tie flow within 2 to 3 cm of the aortic valve. Probe size 
was carefully selected to match the size of the aorta. In 


TABLE II 





Figure 1. Change in the onset of rapid deceleration of aortic 


flow before (A) and after (B) infusion of 120 mg of sodium 
pentobarbital into left atrial cannula. No change in the temporal 
relation of the second sound and flow reversal occurred. Time 
lines omitted for illustration. AO = aortic pressure; ECG = 
electrocardiogram; F = aortic flow; LA = left atrial pressure; 
PCG = phonocardiogram. 


each case the constriction of. the aorta by the probe was 
minimal. Pressures were monitored from the left atrium 
using a Teflon® catheter and a Statham P23 De transduc- | 
er. Ascending aortic pressure was measured through a 
steel cannula attached to a Statham P23 De transducer. 
Since variable delay was present in this system, a Sta- 
tham p866 high fidelity catheter-tip transducer was 
placed at the level of the aortic flow probe in 2 dogs to ob- 
tain pressure tracings with minimal delay. The chest and 
pericardium were. closed once the catheters and the flow 
probe were in place. An external phonocardiogram was 
obtained with a dynamic microphone placed in an area 
where a clear second heart sound could be recorded. 
Preamplification was provided for:pressures, phonocardio- 
gram and electrocardiogram by Electronics for Medicine 
amplifiers SGM2, TPD5 (wide band 50 to 500) and EEP8, 


Examples of Temporal Relation in. Milliseconds Between Onset of the Second Heart Sound and Onset of Rapid Deceleration of 
Flow (S.-ASlope), and Nadir of Flow Reversal (SFR) Under Systematically Changing Hemodynamic Conditions 














Dog $,-ASlope Ss-FR 
Condition Change no. Before After t P Before After t P 
A. Left atrial pressure 4 27.1 3.8 32.6 +: 5.4 3.5 0.01 L6- 2.7 0.8 3.5 0.8 NS 
(low vs. high) 1 15.5 3.4 22.0 + 3,7 6.9 0.001 8.8 2: 2.2 7.94:1.9 1.6 ` NS 
B. Systemic pressure li 24.5 + 5.3 28.3 7.8 2.6 0.05 7.6 +& 3.1 6.44.4.4 1.3 NS 
(low vs. high) l 
C. Duration of experiment. 13 25.3 + 5.3 38.3 + 6.6 6.9 0.001 L4 1.4 0.84 1.5 1.3 NS 
at time of measurement 
(early vs, late) 
D. Citrate infusion 14 20.0 + 2.3 29,6 + 4,3 6.2 0.001 4,041.3 4241.5 0.4 NS 
(before vs. after) 15 23.2: 2.7 31.7 + 5.3 4.3 0.001 6.224 1.1 6.0+1.7 0.3 NS 
E. Barbiturate 14 24.6 = 2.5 34.7 + 4.2 9.6 0,001 3.41.7 3.04 -1.7 0.8 NS 


(before vs. after) 





‘238... August 1972. The American Journal of CARDIOLOGY Volume 30 


SECOND HEART SOUND AND AORTIC FLOW--BROUGH AND TALLEY: : 


respectively. All measurements were recorded simulta- 
‘neously using an Electronics for Medicine DR8 photo- 
graphic recorder at a paper speed of 200 mm/sec and time 
lines of 0.004, 0.02 or 0.04 second. During the period of re- 
cording, the respirator was disconnected. 

To evaluate the time delay in the flow analysis, a flow 
‘probe was placed around saline-filled dialysis tubing sus- 
“pended in a saline bath. A large bore syringe was placed 
on. one end of the dialysis tubing. On the plunger of the 
syringe, electric contacts were placed so as to record in- 
stantly movement of the plunger. A Statham 866 high fi- 
delity catheter was placed within the dialysis tubing at 
the level of the flow probe, and a dynamic microphone 
was placed in contact with the side of the bath. Amplifi- 
cation and recording were performed exactly as during ex- 
perimental conditions. Multiple sudden depressions of the 
syringe: plunger were undertaken, recording simultaneous- 
ly the flow tracing, p866 pressure tracing and phonocardio- 
‘gram at 200 mm/sec with 0.004 second time lines. Mean 
‘delays noted with 10 consecutive recordings were: flow 
probe 0,0029 msec, p866 transducer 0.0058 msec, phono- 
cardiogram 0.007 msec. No corrections for these small de- 
lays were made in the values reported. The manufacturer 
of the flow probe was contacted and stated that his analy- 
sis revealed the probe to be linear to.70 cycles /sec.1? 

In the first series of experiments (varying preload), left 
atrial pressure was varied from 2 to 24 mm Hg by infusion 
or withdrawal of blood or saline through a large bore fem- 
oral vein cannula (13 dogs). In the second series (varying 
afterload), the systemic blood pressure was varied by con- 
striction of the descending thoracic aorta or by infusion of 
angiotensin or methoxamine (9 dogs). Finally, contractil- 
ity was acutely varied by depressing the heart by injecting 
a small amount of citrate or barbiturate through the left 
atrial cannula (3 dogs). In a single experiment (Dog 15), 
isoproterenol was infused to increase contractility. 

‘In all experiments; the following measurements were 
made in individual cardiac cycles chosen at random: 

1. Mean left atrial pressure in millimeters of mercury. 

2.. Aortic systolic and diastolic pressures in millimeters 
‘of mercury. 

3. Interval between subsequent Q waves of the electro- 
cardiogram in milliseconds. 

4. Interval between Q wave of the electrocardiogram 
and first high frequency component of the second heart 
sound, 

5. Interval between the onset of rapid deceleration of 
aortic flow (change of slope on the downward portion of 
the electromagnetic aortic flow curve) and the onset of the 
first high frequency component of the second heart sound. 

6. Interval between. the nadir of the aortie flow reversal 
and the first high frequency component of the second 
heart sound. 

In addition, in several experiments, the following mea- 
surements were made: 

I. Interval between the nadir of the aortic incisura to 
the nadir of aortic flow reversal. 

2. Interval between the maximal deceleration of the 
first derivative of aortic flow and the first high frequency 
components of the second sound. 

3. Internal preejection period (Q wave of electrocardio- 
gram to the onset of aortic flow). 

4. Ejection time from the onset of systolic aortic pres- 
sure to the nadir of the aortic incisura. 

5. External preejection period, calculated by subtract- 
ing the ejection time from the interval between the Q 





Figure 2. Change in onset of rapid deceleration of aortic flow 
before (A) and after (B) intravenous infusion of isoproterenol, 
35 ug/kg per min. No change is. found in the temporal relation 
of the second sound and flow reversal or the first derivative of 
flow. Time lines omitted. for illustration. Other abbreviations as ino 
Figure 1. ; 


wave of the electrocardiogram and the first high frequency: 
components of the second sound. 


Statistical Analysis 


The values were tabulated with means and standard de-. 
viations for each dog and for all dogs combined. The effect 
of the changing values were evaluated by the use of the 
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Figure 3. illustration of temporal relation of the second heart 
sound to aortic flow reversal and first derivative of aortic flow. A 
= Dog 16; B = Dog 14. Other abbreviations as in Figure 1. 
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TABLE Il! 


` Temporal Relation in Milliseconds Between Onset of Second 
Heart Sound and Nadir of Flow Reversal at High and Low 
Left Atrial Pressure Levels. (Heart Rate Virtually Constant} 





Left Atrial Pressures (mm Hg) 











Dog no. 0-12 13-20 t P <0.05 
A 00 00 0. NS 
1 8.8 +: 2.2 7.9 te 1:9 1.6 NS 
2 1.9: 2.3 10: 2.1.5 1.5 NS 
3 3.5 + 2.8 3.0 + 2.4 0.6 NS 
4 1.6 + 2.7 0.8 + 3.5 0.8 NS 
5 4.8 3.6 6.9 3.0 2.1 NS 
6 3.2 2.7 3.9 2.0 0.9 NS 
7 7.2 cz 2.8 7.0 2.2 0.3 NS 
9 8.3 +: 4.0 9A 2,7 1.0 NS 
10 0.31.8 OL 1.7 0.4 NS 
11 8.6 + 2.9 8.52.7 0.1 NS 
12 14.9 + 4.8 12.1 -+ 2.9 2.2 NS 
13 1441.4 1.2 0.7 0.3 NS 
Mean 5.0 + 2.6 4.8 2.1 0.2 NS 
TABLE V 


Temporal Relation in Mitliseconds Between Onset of Second 
Heart Sound and Peak Deceleration of Aortic Flow (df /dt). 
(Varying Hemodynamic Conditions) 








Dog no. no. of Measurements df/dt to $z 
4 43 0.2 + 1.8 
9 40 1.24 2.8 

16 92 ~O.6 =: 1.1 

Mean 175 0.3 + 2,0 





Student's t test with P <0.05 taken as significant. In Dogs 
11 to 13, correlation coefficients were calculated with the 
aid of a digital computer for internal vs. external preejec- 
tion period at reduced left atrial pressures (0 to 13 mm), 
increased left atrial pressures (12 to 20 mm), and for all 
left atrial pressures combined (0 to 20 mm). 


Results 

Average measurements of 1,492 eycles under vari- 
ous hemodynamic conditions revealed the onset of 
the second heart sound to occur 5.2 + 2.6 msec be- 
fore the nadir of aortic flow reversal and 23.2 + 5.7 
msec. after the onset of rapid deceleration of aortic 
flow (Table I). In all cycles, the onset of the second 
heart sound occurred after the onset of rapid decel- 
eration (18.4 to 31.9 msec) and before the nadir of 
flow reversal (0.5 to 11.3 msec). 

Although not a constant finding, in a number of 
experiments the interval between the onset of rapid 
aortic deceleration and the onset of the second heart 
sound progressively and significantly widened with 
increases in left atrial or systemic pressure (Table II, 
A and B). Review of the records revealed that this 
same interval was significantly lengthened when 
measurements made early in the experiment were 
compared with those made at the termination of the 


TABLE IV 


Temporal Relation in Milliseconds Between Onset of Second 
Heart Sound and Nadir of Flow Reversal Before and After. 
Increasing Systemic Pressure. (Heart Rate Virtually Constant) 





Systemic Pressure 











Dog no. Low High t P 
1 5.0 £1.9 5.11.8 0.2 NS 
3 6.14 3.1 3.8: 2.9 2.1 <0.01 
5 6.3 2.6 3.32.5 3.2 <0.001 
6 2.0c 1.7 L415 0.9 NS 
7 11.8: 1.0 6.34 1.2 11.1 <0.001 
10 0+ 2.8 0.84 3.1 0.6 NS 
1u 9.0 4.9 6.04.9 1.4 NS 
12 8.0 42.8 10.4 +:.2.9 1.9 NS 
13 0.0 £9.9 1:8 1.8 4.2 NS 
TABLE VI 


Correlation Between Internal and External Preejection 
Period at High and Low Left Atrial Pressure Levels 





Left Atrial Pressure 








All (0-20 mm Hg) 





Low (0-12 mm He) ‘High (12-20 mm Hg) 
Dog Diff Correlation Diff Correlation Diff Correlation 
no, (msec) Coefficient (mséc) Coefficient (msec). Coefficient. 
11 63 6.77 —L1 0.90 3.8 0:78 
12 6.2 0.89 2.8 0.77 3.4 0.91 
13 4.3) 0,98 0.1 0.93 —2.3 0.96 





P <0.001 for all correlation coefficients. 
r = 0.90; .P <0,001 for all dogs combined at all left atrial pres- 
sure levels, Diff = mean difference. 


experiment even at comparable left atrial and sys- 
temic pressures and heart rate (Table IIC). Since 
deterioration of the heart would be expected over 
such a time span, the effect of acutely depressing 
cardiac function by the injection of small doses of 
citrate or barbiturate was examined. In every dog so 
studied, the interval between rapid aortic decelera- 
tion and the onset of the second heart sound was sig- 
nificantly lengthened (Table I, D and E). As the 
drug effect dissipated, the interval returned toward 
control values. High doses of either agent would 
eliminate any change in the downslope of the aortic 
flow tracing (Fig. 1). Isoproterenol infusion shortened 
the interval between the onset of rapid deceleration 
and the second sound (Fig. 2). 

On the other hand, no significant change in the 
duration of the interval between the onset of the sec- 
ond heart sound and the nadir of aortic flow reversal 
was found in any experiment with changes in left at- 
rial pressure (Tables HA and HD, with measure- 
ments taken at any time during the experiment 
(Table IC), or with the infusion of citrate, barbitu- 
rate or isoproterenol (Table H, D and E) (Fig. 1 and 
2). In 3 animals increasing. systemic pressure did 
shorten this interval by approximately 3 to 5 msec, 
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although no significant change was noted in 6 other 
animals (Table IV). 
<= When the first derivative of aortic flow was re- 
_-corded, the onset of the second heart sound occurred 
almost simultaneously with peak deceleration, which 
in turn occurred just before flow reversal (Fig. 3). 
With the use of 175 measurements made under vari- 
ous hemodynamic conditions in Dogs 4, 9 and 16, the 
onset of the second heart sound was found to occur 
0.3 + 2.0 msec after peak deceleration of flow (Table 
V). 

No significant difference between external and in- 
ternal preejection period occurred with progressive 
increases in left atrial pressure (Table VI). After com- 
bining the data from all dogs examined (Dogs 11 to 
13) the internal and external preejection period corre- 
lated well at all left atrial pressure levels (r = 0.90, 
P = <0.001). Significant correlates were found in each 
dog at low and high left atrial pressure levels and all 
‘left atrial pressure levels combined. 

When a high fidelity catheter-tip transducer was 
positioned at the level of the aortic flow probe, the 
nadir of aortic flow reversal and the nadir of the aor- 
tic incisura occurred almost simultaneously. 


Discussion 


Our studies reveal the onset of the externally re- 
corded second heart sound to occur slightly before 
the nadir of aortic flow reversal at the moment of 
peak deceleration of aortic flow. No systemic varia- 
tion of this relation occurred with changes in left at- 
rial pressure (preload), systemic pressure (afterload) 
or infusion of drugs that depress or increase ventric- 
ular contractility. From these data, we conclude that 
the onset of the externally recorded second heart 
sound provides faithful timing of the termination of 
left ventricular ejection under most, if not all, hemo- 
dynamic conditions. The timing of the onset of the 
second sound at the point of peak deceleration of 
flow lends support to the hypothesis of Rushmer and 
others!3-15 that deceleration and acceleration of 


blood flow provide the energy to induce the cardio- 
hemic vibrations of the second heart sound. 

The second heart sound’s temporal relation to var- 
ious pressure- and flow-related events has been pre- 
viously reported. Mori et al.? reported that in dogs 
the first component of the second sound follows the 
aortic incisura by an average of 1.6 msec. They thus 
concluded that the abrupt cessation of the backward 
flow at the moment of the incisura produces the sec- 
ond sound. Other studies: also found the second 
heart sound to occur at the aortic incisura. The aor- 
tic incisura has been reported to be intimately relat- 
ed to the nadir of flow reversal, as we also found 
when using high fidelity pressure recordings.5 In con- 
trast, Pieme et al. reported that the second sound 
occurs approximately 25 msec before aortic flow re- 
versal and is temporally related to the onset of rapid 
deceleration of aortic flow while forward flow was 
still in progress. They further reported that both the 
onset of rapid deceleration and the onset of the sec- 
ond sound occur earlier with increases of systemic 
pressure by infusion of methoxamine, and occur later | 
with isoproterenol infusion. We agree that the onset 
of rapid aortic deceleration may be varied by differ- 
ent methods and, in fact, were able to abolish © 
changes in the downslope of aortic flow with cardiac 
depressant drugs. However, in marked contrast to. 
Pieme et al.,® we did not find that the second sound’ 
was closely related to the onset of deceleration or- 
that its relation to aortic flow reversal was changed 
by any of the manipulations that varied the onset of 
rapid aortic deceleration. 

The reported systematic differences between inter- 
nal and external preejection periods at high preload 
levels cannot be explained by a change in the rela- 
tion of the second sound and termination of ventric- 
ular ejection.11 In fact, we found the external and in- 
ternal preejection periods to correlate well at all 
levels of left atrial pressure. Second sound stability 
as reported in this paper is very credible to these re- 
sults. 
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The effects of lidocaine upon the current required to induce ventric- 
ular fibrillation was assessed during normal supraventricular rhythm 
and after premature ventricular beats. Ventricular fibrillation thresh- 
olds were determined by passing a train of 10 to 15.constant current 
pulses, each 4 msec in duration, at 10 msec intervals through ventric- 
ular epicardial electrodes during the vulnerable period. The intensity 
of the current pulses was varied, and the ventricular fibrillation 
threshold was defined as the current in milliamperes which caused 
ventricular fibrillation. Our data show that during administration of 
lidocaine the ventricular fibrillation threshold after both normal and 
premature beats increased; that is, fibrillation was more difficult to 
evoke in the presence of lidocaine. Over a range of 0 to 6!1.g/ml the 
ventricular fibrillation threshold increased in direct proportion to the 
increase in blood tevel of lidocaine. The time courses describing the 
change in ventricular fibrillation threshold and the blood levels of 
lidocaine correlated directly with each other. The half-life for the 
disappearance of lidocaine from the blood was 32 minutes. These 
studies describe the metabolism of lidocaine in the anesthetized 
dog and quantify the ability of lidocaine to reduce the vulnerability of 
the heart to fibrillation. 


Most sudden cardiac deaths due to arteriosclerotic heart disease can 
be attributed to ventricular fibrillation.1 One of the most effective 
antiarrhythmic agents used to prevent the occurrence of ventricular 
fibrillation after myocardial infarction in man is lidocaine. However, 
Bacaner’s studies? indicated that the effect of lidocaine upon the 
ventricular fibrillation threshold in normal canine hearts was negli- 
gible. These experimental results disagree with clinical findings. 
Therefore, we have utilized a modification of the method of Wiggers 
and Wegria* to reinvestigate and quantify the effect of different con- 
centrations of lidecaine on the threshold for fibrillation during supra- 
ventricular rhythm and after a premature ventricular contraction. 
Our finding that lidocaine significantly increases this threshold sup- 
ports previous clinical impressions and contributes further to the un- 
derstanding of the mechanism of lidocaine’s pharmacologic action. 


Method 


Ten healthy mongrel dogs of both sexes weighing 14 to 16 kg were anesthe- 
tized intravenously with sodium pentobarbital, 30 to 35 mg/kg body weight. 
The animals were ventilated with room air by means of a Harvard respiratory 
pump. The tidal volume and rate of ventilation were determined by a weight- 
ventilation nomogram. Acid-base values were carefully monitored, and blood 
pH was maintained within physiologic range: The femoral artery and vein 
were cannulated for (1) administration of lidocaine, (2) sampling of blood 
levels of lidocaine, (3) blood gas determinations, and (4). blood pressure re- 
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< cordings. Additional sodium pentobarbital anesthesia was 

-given in doses of 65 mg as required throughout the study, 
and the level of anesthesia was kept reasonably constant. 
-Rectal temperature was monitored and maintained by an 
electric heating pad. Electrodes were placed on 3 limbs to 
record the electrocardiogram. 

The chest was opened by means of a right thoracotomy, 
and the heart was exposed and suspended in a pericardial 
cradle. The sinus node was inactivated by crushing. Bi- 
polar intramural electrodes were placed on the atrial ap- 
pendage, and the heart was paced at a constant basic cycle 
length of 380 msec. The stimuli used to drive the atrium 
and test the ventricle for fibrillation threshold originated 
from Tektronix waveform and pulse generators (models 

¿16l and 162). The Tektronix units triggered a variable cur- 
rent stimulator whose output passed through an isolation 
transformer and thence to a pair of bipolar electrodes sewn 

-onto the anterior epicardial surface of the right ventricle 
(Fig. 1). These stimulating electrodes consisted of 2 plati- 
num electrodes, 1 mm in diameter, embedded in acrylic. 
The electrical stimulus used to test the ventricular fibril- 

lation threshold was a train of gated, rectangular impulses. 

Thé impulses were 4 msec in duration and were separated 

by an interval of 10 msec. The train, which was first used 
by Han,* was delivered.across the vulnerable period of the 
cardiac cycle after every twelfth heartbeat. The amount of 
current delivered was measured directly by recording the 
voltage drop across a precision resistor in series with the 

electrodes on a Tektronix 564 memory oscilloscope (Fig. 1). 
The current was increased until fibrillation ensued; then the 
heart was immediately defibrillated with use of a capacitor 
discharge direct-current defibrillator. 

When the effect of a premature ventricular contraction 
upon the threshold for ventricular fihrillation was studied, 
the current necessary to initiate a premature response at 
the end of the relative refractory period of every twelfth 
beat was measured. The current was then doubled and 
the impulse moved into the earliest part of the relative 
refractory period in which a premature response was con- 
sistently elicited. The gated train was then applied 
through the same ventricular stimulating electrode across 
the T wave of this premature response. Using these meth- 
ods we were able to obtain consistently reproducible 
thresholds which did not vary more than 2 milliamperes 
during each phase of the experiment. 

At least 4 current readings were recorded at the onset of 
the experiment to determine the normal fibrillation 
threshold. Lidocaine was administered intravenously in a 
bolus injection followed by a drip infusion at a rate of 70 
„g/kg per minute which was terminated after 50 to 60 
minutes. Fibrillation thresholds were measured through- 
out the infusion and for 1 hour after its termination. 
Blood levels of lidocaine were measured every 10 to 15 
minutes during the same time period. 

In other experiments, the thresholds for ventricular fibril- 
lation after a premature ventricular contraction were 
determined after measurement of the normal fibrillation 
thresholds. Lidocaine was then administered in the man- 
ner described to determine its effect on the fibrillation 
threshold after a premature ventricular contraction. 


Results 


Lidocaine blood concentration: Therapeutic 
blood levels of lidocaine were quickly attained after 
the administration of an intravenous bolus injection 
of 2 mg/kg of lidocaine followed by an infusion of 70 
g/kg per min. Blood concentrations of nearly 2.0 





Figure 1. Block diagram of the experimental arrangement 
used to record the electrocardiogram and blood pressure, and 
to deliver the gated train of fibrillating pulses to the heart. The 
experimental parameters which were monitored are presented 
as observed on the oscilloscopic (CRO) screens (circles) at the 
lower left and center. At left, || indicates lead || electrocardio-: 
gram; BP, arterial blood pressure; V fip, voltage of the fibrillat- 
ing train of impulses; RA, right atrial pacing stimulus. At center 


CRO, irib is the current of the fibrillation train of impulses. The gh 


right atrium was paced through a stimulus isolation unit (SIU). 
by a programmable stimulator. A 1:12 counter and delay circuit 
drove a series of Tektronix. 161 and 162 waveform and pulse 
generators to provide a gated train of impulses every twelfth 
beat. The gated train triggered a. variable current stimulator 
which delivered the current pulses through a stimulus isolation 
unit (SIU) to the ventricle. (The Tektronix waveform and pulse 
generators and the variable current stimulator are indicated by 
the square labeled “V. Fib. Gated Stim.”). The current of the 
train of fibrillating pulses was recorded by a differential amplifier 
(A-61) which measured the voltage drop across a precision re- 
sistor (r) in series with the fibrillating electrodes. C indicates a 
comparator circuit which sensed the voltage artifact during the 
defibrillation procedure. The comparator (C) triggered the relay 
(R) which switched the electrocardiographic recording amplifier 
(A1) to ground in order to prevent overload during defibrillation. 
Amplifiers A2, A3 and Ag recorded the blood pressure (BP), the 
fibrillating voltage (Vrip) and the atrial pacing voltage (RA), re- 
spectively. Switches S, and Sp allowed the atrial stimuli and 
ventricular fibrillating pulses to be switched to ground. 


ug/ml were achieved in less than 10 minutes and 
then remained reasonably constant, climbing to a 
peak of only 2.4 ug/ml in about 35 minutes. The l 
dose of the bolus injection was increased to examine 
the therapeutic effect of lidocaine at higher concen- 
trations. At blood levels of 7 ug/ml a decrease in 
blood pressure occurred, and at higher levels disso- 
ciation of the electrical and mechanical activity of 
the heart was noted. These findings were first ob- 
served by Binnion et al. Fibrillation thresholds at 
blood levels of 7 ug/ml or above were undoubtedly 
affected by these changes and therefore were not in- 
cluded in this study. 

To obtain information on the rate of removal of li- 
docaine from the blood, lidocaine levels were deter- 
mined at regular intervals for 60 to 90 minutes after 
termination of the intravenous infusion. Figure 2 
presents the percent of lidocaine remaining in the | 
blood versus time for 8 animals. After 16 minutes — 
approximately 75 percent of the lidocaine remained 
in the blood; 50 percent remained after 32 minutes. 
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Figure 2. Rate of removal.of lidocaine from the ‘blood of the 


anesthetized dog. Ordinate, percentage of lidocaine remaining: 


in the blood; abscissa, time in minutes after termination of an 
intravenous infusion of lidocaine: Each of the 8 lines connects 
data points. for different animals given’ a bolus injection: of lido- 
caine, 2 mg/kg, and then maintained onan infusion of 70 
“g/kg per min until constant blood levels were obtained. 
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Figure 4. Time course of changes: in. blood: lidocaine circula- 
tions and fibrillation thresholds after premature ventricular con- 
tractions. Upper ordinate, ventricular fibrillation threshold in mil- 
liamperes. Lower ordinate, ‘corresponding blood concentration 
of lidocaine. in micrograms per milliliter. Abscissa, time in minutes 
after administration of an intravenous bolus injection (2 mg/kg) 
of lidocaine and a drip infusion of 70 49/kg per min. The infusion 
was. terminated at 50 minutes. 
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Figure 3. The time course of changes. in blood lidocaine and 

fibrillation thresholds during regular supraventricular rhythm. Up- 

per ordinate, ventricular fibrillation threshold in milliamperes 
(MA). Lower ordinate corresponding blood concentration of lido- 

caine in micrograms per milliliter. Abscissa, time in minutes after 

the administration of lidocaine as an: intravenous bolus injection 

(2.mg/kg) and maintained drip infusion of 70u g/kg per min. The 

infusion was terminated at 70 minutes. | 


Ventricular fibrillation threshold: Our tech- 
nique provided us with specific and reproducible 
thresholds for ventricular fibrillation. The fibrillation 
thresholds for premature ventricular contractions 
were consistently lower than for regular beats. in all 
animals studied. The mean decrease in fibrillation 
thresholds for 30 determinations recorded in 6 ani- 
mals was 68 percent. 

Experiments were performed in 8 animals to corre- 
late the time course of change in blood levels of Hido- 
caine with ventricular fibrillation thresholds. Figure 
3 shows the results of a representative experiment 
depicting the change of ‘lidocaine level with the 
change of fibrillation thresholds. during regular 
rhythm. Figure 4 shows the relation of lidocaine con- 
concentration with fibrillation thresholds after a pre- 
mature ventricular contraction. In both experiments 
the fibrillation threshold increased after administra- 
tion of lidocaine and decreased after termination of 
the infusion. The time lag was only a few minutes 
between the appearance of lidocaine in the blood and 
the change of threshold. The increase, peak and de- 
crease in lidocaine levels and fibrillation thresholds 
paralleled each other. 

To quantify. better the effect of lidocaine on fibril- 
lation threshold, the percentage increase in fibrilla- 
tion thresholds was plotted against the correspond- 
ing blood level of lidocaine during the course of the 8 
experiments described. The results during regular 
rhythm are shown in Figure 5 and those after pre- 
mature ventricular contractions are presented in Fig- 
ure 6. Over a range of 0 to 6 ug/ml the thresholds in- 
creased in direct proportion to the increase in blood 
level of lidocaine. 
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Figure 5. Relation between blood concentration of lidocaine 
and fibrillation threshold during regular supraventricular rhythm. 
Ordinate, blood concentration of lidocaine in micrograms per mil- 
liter. Abscissa shows the percent increase above control fibrilla- 
tion. threshold. The squares, triangles, crosses and filled circles 
indicate data obtained in 4 different animals. 


Discussion 


The foremost cause of death in the United States 
is coronary artery disease.® In the past decade, em- 
phasis has been placed on monitoring patients in in- 
tensive care units and rapid intervention with drugs 
_ or defibrillation when catastrophe threatens. It has 
: only recently been. generally recognized that the vast 
“majority of those who die of coronary artery disease 
do so suddenly and that two thirds succumb even 
before they reach the hospital.? These deaths are 
thought to be secondary to ventricular fibrillation. 
Premature ventricular beats are the most common 
arrhythmia observed after myocardial infarction,’ 
and their role in the genesis of fibrillation has been 
expounded by Lown etal.’ 

- The antiarrhythmic effect of lidocaine was first 
noted by Southworth et al. in 1950.79 Lidocaine has 
- been- extensively used in the coronary care unit and 
_has been associated with the decreased mortality ob- 
“Served in this setting.“ Lidocaine is usually admin- 
“istered after the appearance of premature ventricular 
-contractions. However, the thesis that premature ac- 
tivity almost invariably precedes fibrillation has 
been challenged.12 This raises the question whether 
lidocaine would alter the vulnerability of the heart to 
fibrillation in the absence of premature ventricular 
contractions. 

It has recently been shown that lidocaine infusions 
of 2.5 mg/min over 48 hours significantly decrease 
the incidence of ventricular tachyarrhythmias in pa- 
tients with anterior myocardial infarction.1° Efforts 
are currently being undertaken to identify popula- 
‘tions of high risk and to institute early therapy. 
However, when Bacaner? studied the ability of lido- 
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Figure 6. Relation between blood concentration of lidocaine 
and fibrillation threshold after ‘premature ventricular contrac 
tions. Ordinate, blood concentration of lidocaine in micrograms. 
per milliliter: Abscissa, percent increase above control fibrilla-. 
tion threshold. The squares, triangles, crosses and filled circles 
indicate data obtained in: 4 different animals. The animals were 

not the same.as those of Figure 5. 


caine and other antiarrhythmic agents to increase 
the threshold for ventricular fibrillation in the nor-— 
mal heart, he concluded that the effect of the lido. 
caine was negligible. In view of the increasing thera- 
peutic and prophylactic use of lidocaine, we consid- 
ered it necessary to restudy its effect on the thresh- 
old for ventricular fibrillation in the normal heart, to- 
examine its action after a premature ventricular con: ° 
traction, and to correlate these changes with blood 

levels of lidocaine. 

Lidocaine was administered as a bolus injection of ` 
various. dose levels followed by an intravenous drip 
infusion of 70 wg/kg per min, This would correspond | 
to a rate of 5 mg/min in a man weighing.70-kg.. 
Blood levels reached their peak almost immediately. 
When 2 mg/kg was used for the bolus injection, 
blood levels reached 2 to 3 ug/ml and then remained 
at that level until the-drip infusion was terminated. 
Fifty percent of the lidocaine disappeared from the 
blood 32 minutes after termination of the infusion 
(Fig. 2). Gianelly et al.14 reported in their patients 
that bolus injections of 2 mg/kg followed by an infu-— 
sion rate of 20 to 50 ug/kg per min resulted in thera- 
peutic levels of 2 to 5 ug/ml. These rates of infusion 
for man were lower than those we found necessary: to 
produce the same blood levels in dogs. The liver is 
the major site for the metabolism or excretion of li- 
docaine, or both, in man.15 Although it is possible 
that liver metabolism differs in man and. in dog, a a 
more likely possibility to explain the difference be- 
tween our blood levels in dogs and those reported in 
man is that liver metabolism is impaired in patients _ 
with poor cardiac performance.!5-16 The patients of 
Gianelly et al.14 were studied in the coronary care _ 
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unit and all had significant coronary artery disease. 
Liver metabolism may be sufficiently impaired in 
the presence of congestive heart failure to result in 
blood levels of lidocaine higher than those that 
would otherwise be present after a given rate of lido- 
caine administration. 

The increase in the threshold for ventricular fibril- 
lation in the normal heart occurred almost simulta- 
neously with the appearance of lidocaine in the blood 
(Fig. 3), and this observation correlates well with the 
findings of clinical studies}? and Sung and Truant}® 
that lidocaine rapidly diffuses into body tissues. We 
believe that Bacaner’s data? showing a negligible ef- 
fect of lidocaine resulted from measurement of fibril- 
lation threshold when blood levels were inadequate. 
A bolus injection of 4 mg/kg was given without fol- 
low-up drip infusion, and it appears from the data 
that thresholds were determined at least 30 minutes 
after this injection, when much of the lidocaine 
would have been metabolized. One of the most sig- 
nificant findings of our studies is that lidocaine de- 
creases the vulnerability of the heart to fibrillation 
even in the presence of regular supraventricular 
rhythm. Since ventricular fibrillation without preced- 
- ing premature ventricular contractions is reported to 
occur after acute myocardial infarction,’ lidocaine 
would be beneficial in this setting. 

Our studies demonstrate a decrease of 68 percent 
in the threshold for ventricular fibrillation after a 
premature ventricular contraction and confirm the 
data of Han et al.19 These results quantitatively 
demonstrate the danger of premature ventricular 
contractions and are in agreement with surveys that 
have found a 6-fold increased incidence of sudden 
death in susceptible patients with this arrhythmia.?° 
It would seem reasonable to attempt to suppress 
such activity in these patients with lidocaine. 

Lidocaine more than reversed the fall in fibrilla- 
tion threshold after a premature ventricular contrac- 
tion. It increased the threshold from 25 percent at a 
concentration of 1 ug/ml to 225 percent at a concen- 
tration of 6 ug/ml. In a prospective study® of 100 pa- 
tients admitted to a coronary care unit with the di- 
agnosis of acute myocardial infarction, the most fre- 
quent arrhythmia was premature ventricular con- 
tractions, which occurred in 67 percent of patients. 
This effect of lidocaine on the threshold for ventricu- 
lar fibrillation after a premature ventricular contrac- 
tion is another indication of its usefulness in the 
early phases of acute myocardial infarction. 

Mechanism of antifibrillatory effect of lido- 
caine: The electrophysiologic mechanisms responsi- 
ble for the initiation and maintenance of fibrillation 
are largely understood, and the effect of lidocaine on 


these mechanisms has recently been explored. In- 
creased automaticity and inhomogeneity predispose 
the ventricles to fibrillation.22 Any increase in the 
amount of dispersion in conduction velocities, action 
potential durations and refractory periods among 
different Purkinje and ventricular muscle fibers in- 
creases the degree of inhomogeneity and the likeli- 
hood of development of reentrant arrhythmias and 
fibrillation.2? The mass of inhomogeneous tissue also 
is directly related to the maintenance of fibrilla- 
tion.23 Heart rate,*4-25 temperature?? and pH?6 have 
been reported to affect these mechanisms. These 
values were kept stable throughout our experiments. 

Han and Moe22 have expertly described the in- 
creased dispersion of the conduction wavefront after 
a premature response initiated in the relative refrac- 
tory period of the preceding beat. This increased dis- 
persion in the duration of the refractory periods var- 
ied inversely with the distance from the stimulated 
site and can account for the decreased threshold for 
ventricular fibrillation after a premature ventricular 
contraction observed during their experiments and 
ours. 

The actions of lidocaine on the cellular electro- 
physiology of the cog papillary muscle-false tendon 
preparation have been studied by Bigger and Man- 
del?? and Davis and Temte.?8 Their findings demon- 
strate that in both Purkinje fibers and muscle cells 
lidocaine decreases the action potential duration and 
the effective refractory period without affecting the 
rate of action potential depolarization or the ampli- 
tude of the action potential. Lidocaine also decreases 
the dispersion of action potential durations among 
both muscle cells and Purkinje fibers and depresses 
phase 4 depolarization in Purkinje fibers. All of these 
actions diminish the likelihood of asynchronous acti- 
vation of cells and impaired conduction, both of 
which are responsible for the initiation and mainte- 
nance of ventricular fibrillation. Davis and Temte’s 
study? supports these observations by demonstrat- 
ing that lidocaine decreases the ability of cells to fol- 
lew rapid pacing and prevents multiple action po- 
tentials following single premature stimuli that occur 
in its absence. We believe that these electrophysio- 
legic observations help explain our findings that lido- 
caine increases the threshold for ventricular fibrilla- 
tion after normal and premature ventricular contrac- 
trons. 
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To determine the efficacy of left ventricular drainage in permitting 
defibrillation after prolonged, refractory ventricular fibrillation, 12 
dogs (7 normal, 5 with major coronary arterial ligation) with 21 epi-. 
sodes of either spontaneous or electrically induced ventricular fibril- 
lation were stucied before and during left ventricular drainage by 
means of transaortic or transatrial cannulation. After prolonged ven- 
tricular fibrillation without circulatory support (average 28, range 17 
to 48 minutes), electrical defibrillation was unsuccessful despite in- 
creasing amounts of direct current. Defibrillation was then attempted 
during graded amounts of left ventricular drainage (200 to 1,800 
ml/min; 8.7 to 57.6 ml/kg per min). Defibrillation was successful in 
each instance (10 watt-sec), at an average left ventricular drainage 
flow rate of 19.7 ml/kg per min (range, 12.1 to 30.4). Successful 
defibrillation was obtained with either low or normal. arterial pH 
values. Left ventricular drainage with concomitant successful defi- 
brillation was associated with significant increments of arterial PO2. 

Submaximal volumes of left ventricular drainage may permit defi- 
brillation after prolonged refractory ventricular fibrillation, both in 
normal animals and in those with acute myocardial infarction. Acute 
reduction of left ventricular volume with alteration of the form of the 
left ventricle, reduction of myocardial oxygen requirement and incre- - 
ments of coronary flow attributable to left ventricular drainage are 
postulated as mechanisms facilitating defibrillation. It is suggested 
that application of left ventricular drainage through a closed chest 
may be helpful in certain clinical instances of refractory ventricular 
fibrillation. 


- Some experimental studies have demonstrated that after very short 


periods of ventricular fibrillation, defibrillation is more often suc- 
cessful when the animal is receiving one of a variety of modalities of 
circulatory support.1-2 Delay in onset of ventricular fibrillation after 
coronary arterial occlusion has been obtained with left heart by- 
pass.3-4 It has been observed that ventricular fibrillation may be pre- 
vented by counterpulsation after coronary arterial ligation? and that 
the infarcted fibrillating ventricle may be defibrillated more easily 
during left heart bypass*-® or after prefibrillatory counterpulsation® 
than if no circulatory support is utilized. 

The object of cur studies was to determine whether use of a tech- 
nique of extracorporeal circulatory support, by producing decom- 
pression of the distended, fibrillating left ventricle, would permit de- 
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-fibrillation when initiated after prolonged refractory 
ventricular fibrillation. We selected for this purpose 
-arelatively simple method of applying left ventricular 
< “decompression” in which a drainage catheter could 
-< be introduced by way of a peripheral artery. 


Methods 

=> Figure 1 demonstrates the experimental arrangement. 
Left ventricular “drainage” or “bypass” was employed be- 
cause it provides an effective and rapid means of decom- 
pressing the distended left ventricle. In addition, newer 
methods of cannulation enable such a technique to be 
used in a clinical setting with relative ease and prompt- 
ness without need to open the chest. 

We studied 21 episodes of ventricular fibrillation in 12 
dogs. Seven were normal and 5 had ligation of a major 
branch of the left anterior descending coronary artery. 
After induction of light anesthesia with intravenously in- 
jected sodium pentobarbital (average dose 30 mg/kg), a 
left thoracotomy was. performed in the fifth interspace. 
The animal breathed room air by means of an endotra- 
cheal tube and a volume respirator. The left femoral ar- 
tery was catheterized and the catheter was connected to a 
Statham strain gauge and a multichannel recorder for 
pressure measurement. The right femoral artery was can- 
nulated with a large-bore Bardic catheter to receive blood 
from the left ventricle by way of the extracorporeal circu- 
latory system. A straight stainless steel cannula with a 
wall thickness of 0.2 mm and an outer diameter of 4.5 
mm, as described by Zwart. et al.,? was inserted by way of 
a carotid artery into the left ventricle. This method of ex- 
tracorporeal circulation has also been described by Geddes 
et al. In a few animals the left ventricle could not be 
cannulated in this manner; instead it was cannulated 
. . through the left atrium with a large-bore flexible plastic 

catheter. (Since results were similar in the 2 groups of 
«animals, they will be discussed subsequently as 1 group.) 
“The bypass system included a reservoir into which left 

ventricular blood drained by gravity drainage and a Sarns 
roller pump. Tygon tubing connected the pump and reser- 
zc voir'to the femoral arterial perfusion cannula. The system 
“was primed with about 500 ml of normal saline solution. 
. Left ventricular pressure was measured and its blood sam- 
pled periodically for pH and POs (Astrup method) by 
means of a stopcock connected to the drainage line. A 
flowmeter attached to the pump indicated the minute 
volume pumped, The animal was given 3 mg/kg of hepa- 
< Yin by intravenous administration. The electrocardiogram 
was obtained by needle electrodes. 


Ventricular fibrillation. usually occurred spontaneously ` 


-in animals with coronary arterial ligation, In the others, it 
was induced by electric shocks applied directly to the ex- 
posed heart. After 15 minutes of ventricular fibrillation, 
during which there was no assisted circulation but lung 
ventilation was maintained, an attempt was made to defi- 
brillate the ventricles with successive direct-current 
shocks of 10, 20, 30 and 40 watt-seconds applied to the ex- 
posed heart. If any of these was successful, ventricular fib- 
rillation was produced again and defibrillation was at- 
tempted at the end of an additional 20 minutes of ventric- 
ular fibrillation. When it was determined that graded DC 
shocks could not produce defibrillation, left ventricular 
drainage was instituted, starting with a flow rate of 200 
ml/min for 10 minutes, during which the ventricles con- 
tinued to fibrillate. Mean arterial pressure ranged from 30 
«to 50 mm Hg during ventricular drainage. Attempts at de- 
fibrillation with DC shocks of 10 to 40 watt-seconds were 
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Figure 1. Schematic diagram of experimental arrangement. © 
Description in text. 


then made and, if unsuccessful, successive 10 minute peri- 
ods of left ventricular drainage with flows increasing. by 
200 ml/min during each period were carried out and DC 
defibrillation attempted again. In several animals the ex- 
periments were repeated after successful defibrillation. 


Results 
Table I summarizes the results obtained. The du- 
ration of refractory ventricular fibrillation before in- 
stitution. of left ventricular drainage was 17 to 48- 
minutes (mean 28) for the 12 dogs. In each of the 21 
instances of ventricular fibrillation, after the institu-. 
tion of left ventricular drainage, successful defibrilla- 
tion was accomplished with current levels ‘that were’ 
previously unsuccessful. Ranges of extracorporeal. 
flow rate studied were 8.7 to 57.6 ml/kg per min. 
The average minimal flow rate permitting defibrilla-. 
tion was 19.7 ml/kg per min (range 12.1 to 30.4). 
Thus, defibrillation could be accomplished during 
submaximal flow rates, which were well within the 
capability of the system utilized. 





Illustrative experiments (Fig. 2): The time from cor-: a 


onary arterial ligation is listed in relation to each of the 
events portrayed with the duration of uninterrupted ven- 


TABLE | 


Resuits 

Dogs (no.) 12 

Average weight (kg) 29.3 

(41.4 

Episodes of ventricular fibrillation (no.) 21 

Average time of ventricular fibrillation before 28 
defibrillation (min) (17-48) 

Range of flow studied (ml/kg per min) 8.7-57.6 


Minimal flow permitting defibrillation 19.7 
(mi/kg per min) (12.1-30.4) 
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Figure 2. Electrocardiographic tracings in 
2 typical experiments. A, dog weighing 33 
kg. The time from coronary arterial ligation 
is listed in relation to each of the events with 





TIME(min} 0 10 25 26 27 28 29 39 the duration of uninterrupted ventricular fib- 

4 + 4 7 4 rillation in parentheses. Note that attempts at 

COR ARTERY VE Hee ZOwsec. Hwee, Owes, LMSYPISS LN EYPIG Lv BYPASS ventricular defibrillation were unsuccessful 

(30wsec) (30 wset! until extracorporeal flow rate was increased 

(MINUTES OF VF) (15) (16) ur) (18) (19) (20) 29) to 800 mi/min. Defibrillation was then suc- 
cessful after 29 minutes of previously irre- 

B WY ary ey aww Wan MO a, Versible ventricular fibrillation. B, in this ex- 
periment (with an animal weighing only 26 

TIME (min. o 10 23 24 25 zr 42 kg) attempts at defibrillation were unsuc- 

4 4 á 4 cessful until the flow rate was increased to 

CONTROL COR ARTERY VF lOwsec.  20wsec,  30wsec. LV BY-PASS LY BY-PASS 400 mi/min. At-this flow rate, defibrillation 

LIGATED 200 mimi. 400mI/min. was successful after 32. minutes of ventricu- 

NTESORNE) : o iai ia ii bao ‘an lar fibrillation. Ventricular fibrillation recurred 











tricular fibrillation in parentheses. In Figure 2A, at the 
time of coronary arterial ligation, the electrocardiographic 
pattern of acute injury is noted. Ventricular fibrillation 
occurred spontaneously 10 minutes later. The animal was 
‘allowed to fibrillate for 15 minutes, after which there were 
attempts at defibrillation with increasing amounts of cur- 
rent applied directly to the heart. These were unsuccess- 
ful. After 19 minutes of ventricular fibrillation with no as- 
sisted circulation, left ventricular drainage was begun in 
the manner previously indicated at an initial rate of 200 
ml/min. Attempts at ventricular defibrillation were un- 
successful. Increasing the flow rate to 400 ml/min also did 
not permit electrical defibrillation, but when the flow rate 
“was increased to 800 ml/min, defibrillation was successful 
after 29 minutes of previously irreversible ventricular fib- 
rillation. This experiment was then repeated in the same 
animal with the same result, ventricular fibrillation res- 
tarting spontaneously when the extracorporeal circulation 
was discontinued. 

Figure 2B illustrates a similar experiment. The first 2 
panels show the electrocardiogram before and after coro- 
nary arterial ligation. Ventricular fibrillation occurred 
spontaneously after 10 minutes. After 15 minutes of ven- 
tricular fibrillation, attempts at defibrillation with in- 
creasing currents were unsuccessful. Left ventricular 
drainage with a flow rate of 200 ml/min was initiated 
„after 17 minutes of ventricular fibrillation. Attempts at 
defibrillation were unsuccessful until the flow rate was in- 
creased to 400 ml/min. At this flow rate, defibrillation 
was successful after 32 minutes of ventricular fibrillation. 
Ventricular fibrillation recurred when left ventricular 
drainage was discontinued. 


Left ventricular PO. and pH: Values obtained 
during the course of the experiments are listed in 
Table II. The low PO2 level noted during ventricular 
TABLE Il 
Left Ventricular PO, and pH Values 





During ee ` 

Ventricular Defibrillation During Bypass 

Fibrillation Successful Unsuccessful 
Arterial PO, 73 90* 65 

(mm Hg) (48-86) (58-110) (62-68) 

Arterial pH 7.38 7.17 7.34 

(7.0-7.57) (6.80-7.49) (7.0-7.8) 
* P <0.01. 


when left ventricular drainage was discontin- 
ued, 


fibrillation was raised considerably during left. ven- 
tricular drainage, and there was a pronounced differ- 
ence in arterial PO, obtained during extracorporeal 
flow rates that led to successful defibrillation as 
compared to values obtained during flow rates that 
did not lead to successful defibrillation. Of course, 
the flow rate was higher in the group that underwent 
successful defibrillation. 

A variety of arterial pH values was obtained, usu- 
ally related tọ a combination of metabolic acidosis 
and respiratory alkalosis. There was typically a base 
deficit and a low level of PCOs. Successful defibrilla- 
tion was accomplished despite a wide range of pH 
values. A relatively normal value for arterial pH was 
not essential for successful defibrillation. 


Discussion 


Our results indicate that left ventricular drainage 
permits a successful defibrillation even after pro- 
lenged, apparently refractory ventricular fibrillation. 
These findings are consistent with the conclusions of 
other investigators who have demonstrated that, in 
am animal with ventricular fibrillation of very short 
duration without circulatory support, defibrillation 
is more easily accomplished when a variety of meth- 
ods of circulatory support are utilized.1-? It has been 
well demonstrated that such techniques are consid- 
erably more efficacious in this regard than direct, 
manually controlled cardiac contractions.® Our find- 
ings extend these observations to prolonged ventricu- 
lar fibrillation without circulatory support, which is 
refractory to electrical defibrillation and which, in a 
clinical setting, presents a hopeless resuscitative 
problem. 

Mechanisms facilitating defibrillation after left 
ventricular drainage: The consistent success of 
left ventricular drainage in permitting defibrillation 
may well be related to acute reduction of the volume 
of the distended, fibrillating left ventricle. There is 
ample experimental evidence that left ventricular 
size is of key importance in permitting the mainte- 
nance and development of ventricular defibrilla- 
tion.1°-11 This suggests that. large hearts provide 
more reentrant pathways for perpetuation of fibrilla- 
tory “circus” rhythms than do smaller hearts in 
which refractory tissue may be present, thus allow- 
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ing the rhythm to terminate. Other modes of circula- 
tory support, previously cited, which permit defibril- 
lation after shorter periods of ventricular fibrillation 
than noted in our study, also result in acute reduc- 
tion of left ventricular volume. In addition to ven- 
tricular size, the form of the cardiac tissue may be 
important in facilitating defibrillation. Garrey!° has 
demonstrated that long thin pieces of cardiac tissue 
recover promptly from ventricular fibrifation and, if 
strips of cardiac tissue are quite narrow, ventricular 
fibrillation may be impossible. The form of the dis- 
tended fibrillating ventricle is visibly altered during 
left ventricular drainage. 

Alterations of myocardial oxygen requirement and 
blood flow produced by left ventricular drainage may 
also be of importance in permitting defibrillation 
after prolonged refractory ventricular fibrillation, al- 
though we could not measure these satisfactorily in 
our experiments. It is logical to assume that there 
was some reduction of myocardial oxygen require- 
ment coincident with acute reduction of ventricular 
volume during left ventricular drainage. Measure- 
ment of intercoronary flow (backflow) has indicated 
that substantial increments are obtained during ven- 
tricular fibrillation with initiation of left heart by- 
pass.!2 Such increase in coronary flow may be re- 
sponsible for the ease of defibrillation of the ventr- 
icles during left ventricular drainage. Experiments in 
the dog and pig indicate that ventricular fibrillation 
occurs only when a critical mass of myoeardium be- 
comes totally avascular.13 Therefore, measures that 
decrease the size of the avascular myocardium (by 
increasing coronary flow) can be expected to enhance 
the possibility of defibrillating the ischemic ventri- 
cle, Alterations of blood and myocardial electrolytes, 
which must also be considered factors in permitting 
defibrillation, were not measured in this study, but 
it is of interest that pH variation over a wide range 
did not influence ability to defibrillate the ventricles 


during left ventricular drainage. Although some in- 
vestigators have cited potassium shifts from the 
intracellular compartment to the serum as a causa- 
tive factor in the production of ventricular fibrilla- 
tion after acute myocardial infarction, more recent 
investigations have indicated that such electrolyte 
shifts are probably not responsible for ventricular 
fibrillation in this experimental setting. }4 

Clinical implications: The clinical connotations 
of our results are not clear at this time. We do not 
know whether continued maintenance of circulatory 
adequacy or adequate cerebral function will be possi- 
ble after defibrillation following such prolonged ven- 
tricular fibrillation. However, this modality requiring 
only a peripheral arterial cutdown procedure may be 
instituted relatively rapidly through a closed chest 
and may permit defibrillation even after prolonged 
ventricular fibrillation in clinical situations when the 
ventricles. cannot be defibrillated by existing meth- 
ods. Maintenance of circulatory support by external 
cardiac compression during initiation of the left ven- 
tricular catheter would, of course, enhance the possi- 
bility of restoration of circulatory adequacy after de- 
fibrillation. There are clinical settings in which left 
ventricular drainage may be used for relatively pro- 
longed periods in patients with surgically remediable 
cardiac disease to prevent recurrent ventricular fib- 
rillation during preparation for definitive cardiac 
surgery; coronary revascularization in acute myocar- 
dial infarction is one such instance. Transarterial left 
ventricular drainage through a closed chest has been 
applied clinically by Zwart et al.15 for other pur- 
poses. It is reasonable to expect advances in the fu- 
ture which will permit long-term application of a va- 
riety of techniques of closed chest circulatory sup- 
port, particularly in regard to development of non- 
thrombogenic surfaces.16 This should permit exten- 
sion of the indications for circulatory support to in- 
clude recurrent or refractory ventricular fibrillation. 
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Echocardiographic Determination of Left 
Ventricular Dimensions, Volumes and Performance 


Left ventricular dimensions determined: by echocardiography in 21 
patients were compared by linear regression analysis to biplane an- 
giographic measurements. The results showed significant correla- 


_tions between the end-diastolic diameter, wall thickness, and di- 


mensional ejection fraction obtained by ultrasound and by angiogra- 
phy. The left ventricular volumes derived by the area-length method 
related closely to the echocardiographic volumes at end-diastole 
and end-systole. Angiographic stroke volumes showed high correla- 
tions with the volumetric change during the cardiac cycle. Determi- 
nations of left ventricular mass by echocardiography proved to cor- 
relate well with those derived from angiocardiograms. However, sat- 
isfactory ultrasonic examinations could not be obtained from 6 (22 
percent) of the patient group, who had pulmonary emphysema, car- 
diomegaly or an exceptionally thick anterior chest wall which caused 
attenuation of the sound energy. 

These results suggest that the indirect, noninvasive technique of . 
echocardiography could be a useful diagnostic tool in monitoring 
cardiac dimensions in most clinical situations, but its usefulness in 
monitoring serial change remains to be proved. 


Indirect, noninvasive methods have great attraction for the analysis 
of cardiac function. Of these methods the use of pulsed, reflected ul- 
trasound in echocardiography has several intrinsic advantages: (1) 
There has been no clinical evidence of damage to biologic structures 
produced by ultrasound; (2) energy levels introduced into the patient 
are relatively low, because the sound-conducting and sound-reflect- 
ing properties of cardiac tissue provide a high signal-to-noise ratio; 
(3) wavelength dimensions (0.68 mm at 2.5 mHz) allow for fine reso- 
lution of the reflecting surface; and (4) the transmission speed of ul- 
trasound (1,568 m/sec) permits rapid sampling rates (1,000/sec). In 
addition, clinical and quantitative correlations between echocardio- 
graphy and other methods have been promising. 

Echocardiography has proved to be a useful diagnostic tool in the 
clinical assessment of mitral stenosis,!-2 pericardial effusion? and idi- 
opathic hypertrophic subaortic stenosis.4 Recent investigations dem- 
onstrated that ultrasonic techniques were capable of recording the 
position and motion of myocardial structures.5-§ In particular these 
analyses have suggested that dynamic information about left ven- 
tricular function could be obtained by this method. The purpose of 
this investigation was to further examine the reliability and useful- 
ness of echocardiography in recording left .ventricular dimensions 
and derived volumes and their relation to ventricular contractile per- 
formance. 
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TABLE! 
o Ultrasound Measurements and Derived Angiocardiographic Data 











Ultrasound Measurements Angiocardiographic Data 
“Case LVDd LVDs ALVD WTu DAPd DLd EDV ESV ASV WTa LVM : 
l no, Diagnosis (em) (cm) (em) (cm) (cm) (cm) (cm?) (em®) (cm3) (em) ) EF o 
meree enaa a a y 
1 ASHD 7.2 5.7 1.5 0.7 5.8 6.0 156 38 118 0.7 170 0.76 : 
2 RHD 7.0 5.8 1.2 1.0 6.3 5.3 180 119 61 1.7 428 0.34 5 
3 RHD 4.0 3.2 0.8 0.6 3.7 4,7 68 30 38 0.7 106 0.56 | 
4 RHD 7.2 5.9 1.3 1.0 6.3 7.4 244 158 86 0.9 250 0.36 fy 
5 RHD 4.0 3.3 0.7 0.5 4.4 4.8 83 53 30 0.5 72 0.36 
6 ASHD 6.2 5.0 1.2 0.6 5.0 4.1 102 60 42 0.9 163 0.41 s 
7 RHD 7A 5.8 1.6 0.9 7.0 7.6 338 167 171 1.0 379 0.51 : 
8 RHD 6.7 5.2 1.5 0.8 5.9 6.4 200 63 137 1.0 260 0.68 i 
9 RHD 6.8 5.6 1.2 0.8 5.5 4.4 131 76 55 0.8 219 0.42 0. 
10 RHD 6.0 4.6 1.4 0.9 5.5 5.3 186 96 90 1.3 349 0.49 | 
ll ASHD 6.4 5.0 1.4 1.1 6.4 6.0 190 106 84 1.1 300 0.44 S 
12 RHD 5.0 3.6 1.4 1.0 5.2 5.1 126 34 92 1.1 230 0.73 oo 
13 RHD 6.2 4.6 1.6 1.2 6.1 6.2 210 74 136 1.4 414 0.65 i 
14 LAM 47 3.4 1.3 0.7 4.4 4.9 89 19 70 0.7 il 0.79 5 
15 RHD 4.9 3.6 1.3 0.7 5.1 5.5 139 39 100 0.7 142 0.72 06) 
16 RHD 8.6 6.7 1.9 0.8 7.6 8.2 372 122 250 0.9 346 0.67 F 
17 RHD 5.2 4.0 1.2 1.4 5.6 4.9 124 64 60 1.4 318 O48 
18 RHD 6.2 4.7 1.5 1.0 Sah sis 235 116 119 0.9 278 0.5L 0) 
19 RHD 6.4 4.9 1.5 1.0 6.5 6.0 185 64 121 1.1 284 0:65 ue 
20 RHD 6.4 5.1 1.3 0.9 5.3 5.2 110 25 85 1.0 184 0.77 ee 
21 RHD 6.4 4.7 17 0.8 6.6 6.4 234 58 176 0.8 216 0.75 un 
tient ne einen 


_. ASHD = atherosclerotic heart disease; ASV = angiocardiographic stroke volume; DAPd = corrected end-diastolic anteroposterior 
_ diameter; ALVD = LVDd — LVDs; Did = corrected end-diastolic lateral diameter; EDV = end-diastolic volume; EF = systolic ejection 
fraction; ESV = end-systolic volume; LAM = left atrial myxoma; LVDd = left ventricular end-diastolic diameter; LVDs = left ventricular 
‘end-systolic diameter; LVM = left ventricular mass; RHD = rheumatic heart disease; WTa = angiocardiographic wall thickness; WTu = : 





< ultrasonic wall thickness. 


ae Method and Materials 
Ultrasonic examinations were performed in 27 patients 
(scheduled for cardiac catheterization and angiocardiogra- 
phy. This group included patients with rheumatic heart 
< disease, atherosclerotic heart disease and idiopathic myo- 
cardial disease. The ultrasonic examinations were made 
- either immediately before or after catheterization. Time 
<: required for the individual studies ranged from 20 minutes 
sto l hour with an average duration of approximately 45 
«minutes. Data on 6 of these patients were not included in 
the present investigation. because the echocardiograms 
were technically inadequate. The echocardiographic 
values of the remaining 21 patients were then compared 
by. linear. regression analysis to the corresponding an- 
giographic measurements (Table I). 
Echocardiography: An Ekoline 20 ultrasonoscope 
(provided by courtesy of the Smith Kline Instrument Co.) 
was used to obtain the cardiac echograms. The examina- 
: tions were made with a 2.25 mHz, 0.75 inch diameter 
transducer which transmitted 1 ssec ultrasound pulses at 
a rate of.1,000/sec. All patients were examined in the su- 
pine position with the head slightly elevated. The trans- 
ducer was placed in the fourth intercostal space at the left 
sternal border and aimed in the anteroposterior plane. 
In the “A” mode strong mobile echoes were located first 
from the posterior wall of the left ventricle and then from 
_ the interventricular septum by positional adjustment of 
the transducer. Further minute angulation of the trans- 
“ducer was made to resolve the echoes from the endocar- 
dial and epicardial interfaces of the posterior wall while 





preserving the septal echoes. The sensitivity, damping 


and reject controls were utilized to acquire the best possi-? ae 
ble “A” mode display of the 3 interfaces. The electrocar- 


diographic waveform was placed between the septal and. 
posterior wall echoes on the visual display. A continuous 
recording was then made in the “M” mode on light-sensi- ; 
tive paper with the Honeywell Fiber Optics C.R.T. 
Visicorder (Fig. 1). 

As shown by the time-motion recording in Figure 1, ° 
echo traces from the posterior septal wall and inner poste- 


rior wall of the left ventricle were used to determine the < 


left ventricular dimension along an axis of the sound ; 
beam at end-systole (LVDs) and end-diastole (LVDd). 


End-diastole was measured at the peak of the R wave and_ 


end-systole at the downslope of the T wave of the electro- 
cardiographic wave form included on the recording. The 
difference between these 2 values is the change in the left 
ventricular chord length during the cardiac cycle (A 
LVD). The distance between the echoes from the endoéar- 
dium and epicardium of the left ventricular posterior wall 
was assumed to represent the posterior left ventricular 
wall thickness. 

Angiocardiography: During catheterization quantita- 
tive biplane angiocardiograms were performed using 0.75 


to 1 cc/kg of radiopaque contrast agent and biplane film: 


ing at a rate of 6 frames/sec. The left ventricular end- 
diastolic volume (EDV), left ventricular end-systolic vol- 
ume (ESV), left ventricular stroke volume (SV), left ven 
tricular systolic ejection fraction (EF) and left ventricular 


mass (LVM) were calculated.?-!9 In the area-length meth: : 2 
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Figure 2. The relation of end-diastolic ventricular dimensions 
as measured by echocardiography and angiocardiography are 
significant. DAPd = diastolic diameter in anteroposterior plane 
by angiocardiography. DVDd = left ventricular diameter at end- 
diastole by echocardiography. 
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Figure 3. Calculated end-diastolic volume (EDV) related sig- 
nificantly to measured end-diastolic ventricular chord length 
(LVDd). 
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Figure 1. Echocardiographic recording of 
left ventricular dimension and wall thickness 
(WTu). LVDs and LVDd = left ventricular 
diameter at end-systole and end-diastole, re- 
spectively. LV = left ventricle; RV = right 
ventricle. 


od ventricular diastolic diameters in the anteroposterior 
(DAPa@) and lateral planes (DLd) are calculated for inclu- 
‘sion in volume calculations. Angiographic measurements 
are corrected for X-ray distortion and represent true di- 
mension estimates. 


Results 


The ultrasonic measurements and derived angio- 
cardiographic values of the patient group are listed 
in Table I. Regression analysis by the method of 
least mean squared error was used to compare func- 
tions of the ultrasonic variables to the angiographic 
variables. Table II summarizes the comparisons made 
and the resulting coefficients of correlation. The 
linear regression equations for some of these relations 
are displayed in the scatter diagrams in Figures 
2to7. 

The left ventricular dimensions obtained by 
echocardiography correlated in various degrees with 
the angiographic variables (Table II). The ultrasonic 
end-diastolic diameter (LVDd) showed a significant 
relation of 0.87 to the corrected end-diastolic left 


TABLE II 
Ultrasonic-Angiocardiographic Comparisons 








Angiographic Correlation 
Ultrasonic Variable Variable Coefficient 
LVDd DAPd 0.87 (Fig. 2) 
LVDd DLd 0.69 
LVDd EDV 0.79 (Fig. 3) 
LVDs ESV 0.66 
ALVD ASV 0.99 (Fig. 4) 
WTu WTa 0.77 (Fig. 5) 
ALVD/LVDd EF 0.69 (Fig. 6) 
(ALVD)® ASV 0.97 (Fig. 7) 
(LVDd)? EDV 0.81 
(LVDs)? ESV 0.65 
(LVDd + WTu)* — (LVDd)? LVM 0.83 





Abbreviations as in Table I. 
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Figure 4. Changes in échocardiographic ventricular dimension 
(A LVD) correlated closely with ventricular stroke volume by an- 
gidcardiography (ASV). 


ventricular diameter in the anteroposterior plane 
© (DAPd) (Fig. 2). The lateral plane dimension (DLd) 
also correlated with LVDd. with a significant but 
lower coefficient. The left ventricular chord length 
derived by ultrasound and the longest left ventricu- 
lar dimension determined by angiocardiography 
showed only a weak relation. 
_. The calculated left ventricular volumes related 
closely to the echocardiographic dimensions at end- 
- diastole (Fig. 3) and end-systole. Figure 4 depicts the 
= correlations. between the stroke volume (ASV) and 
the dimensional change during the cardiac cycle (A 
LVD). Left ventricular wall thickness as measured 


_ by the 2 methods shows a high degree of correlation 


over a range of thickness from 0.5 to 1.4 cm. The 
standard error of measurement was 0.19 cm (Fig. 5). 
~The dimensional ejection fraction (A LVD/LVDd) 
also compared to the angiographic ejection fraction 
- (Fig. 6). 
The cube functions of several echo dimensional 
_ changes were compared to the volumetric changes 
: determined by angiocardiography. The most signifi- 
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<< Figure 6. The echodimensional ejection fraction (A LVD/ 
LVOd}: XxX. 100 demonstrates the same alterations as the an- 
giographic ejection fraction [EF = (SV/EDV) x 100]. 
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Figure 5. Measurements of left ventricular wall thickness showa : 
strong relation between the angiographic and ultrasonic methods: 








cant relation was between (A LVD8) and angiograph- 
ic stroke volume where a correlation coefficient of 
0.97 was found (Fig. 7). A second stroke volume al- 
gorithm ({LVDd]® — [LVDs]3) when related to an ~ 
giographic stroke volume demonstrated a correlation . 
coefficient. of 0.82. This was a significant relation, _ 
but less striking than the previous one. : 
Given the expression (A LVD)3, the angiographic 
stroke volume could be predicted with an accuracy 
of +11.4 ce over a range of volumes from 30 to 176 
cc. Echo dimensions when cubed ({LVDd]® and 
[LVDs]8) more closely predicted angiographic vol- 
umes at end-diastole and end-systole than did the _ 
simple dimension (Table II). e 
Another form of the cube function was used to ap- 
proximate the angiocardiographic algorithm for de- _ 
termining left ventricular mass. In this equation the 
echo measurements of the end-diastolic diameter _ 
were combined with the wall thickness in the form = 
(LVD + WTu)® — (LVD)%. A comparison of this ul- : 
trasonic function to left ventricular mass produced a’: 
correlation coefficient of 0.83 (Table II). 
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ameter (A LVD)? shows a high correlation to angiographic: 
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Discussion 


The angiocardiographic method assumes that the 
shape of the left ventricle approximates an ellipsoid. 
The ultrasonic measurements are in an oblique di- 
rection through this ellipsoid and are therefore func- 
tions of all 3.axes. The exact location of this oblique 
chord and its intersection with the ventricular wall is 
unknown, although a rough outline of the area can 
be estimated from the positional adjustments of the 
transducer required by the echo technique. Initially 
the sound beam had to be directed into the heart 
through an area of the thorax where the lung did not 
cover the heart in order to strike the posterior myo- 
cardium 8 to 15 cm from the chest wall. Since echoes 
are returned to the transducer only from interfaces 
orthogonal to the sound beam, the axis of the trans- 
ducer sound field had to be normal to the left ven- 
tricular septal wall and both inner and outer layers 
of the posterior wall to receive reflections from these 
structures. Echoes from the anterior leaflet of the 
mitral valve were then located just anterior to the 
recorded posterior wall position to test the accuracy 
of the location. The directions of the sound beam 
therefore suggest that an area of the left ventricle 
posterior, medial and inferior to the mitral valve 
leaflet was being sampled. 

As would be expected, the septal and posterior 
wall echoes approach each other during the contract- 
ing phase and diverge during the relaxing phase of 
the cardiac cycle (Fig. 1). The area between these re- 
flections on the “M” mode recording is observed to 
be relatively free of echo traces. In several patients 
injection techniques similar to those reported by 
< Gramiak et al.13 revealed this area to be the left ven- 
tricular cavity. As a blood-filled chamber, the left 
ventricular cavity backscatters relatively little 
< energy, thus accounting for the lack of echo traces in 
this part of the “M” mode recording. 

Possible drawbacks of method: The duration of 
the individual ultrasonic examinations was variable. 
Since the angiocardiograms could not be performed 
-simultaneously with the ultrasonic examinations, an 
attempt was made to achieve identical positioning 
and heart rates so that the discrepancies could be 
reduced. Considerable time was then required to ob- 
tain the desired echoes from some patients, and sat- 
isfactory examinations could not be obtained in 6 (22 
percent) of patients. Difficulty was experienced due 
to attenuation of the sound energy when examining 
patients with pulmonary emphysema, an unusually 
enlarged heart or an exceptionally thick anterior 
chest wall. The interface from which it was most dif- 
ficult to resolve reflections was the outer layer of the 
left ventricular posterior wall. Echoes from this in- 
terface were almost always partly obscured by echoes 


from surrounding tissues. Instrumentation settings 
among patients were inconsistent because of differ- 
ences in body structure. A definite examination pro- 
cedure for the ultrasonic method could not easily be 
developed because of the numerous adjustments 
needed to obtain optimal signals for recording. If 
echo signals from all 3 interfaces were not attainable, 
an attempt was made to resolve the septal and endo- 
cardial interfaces separately from the endocardial 
and epicardial interfaces by altering the angle of the 
transducer. 

The ultrasonic wall thickness was measured from 
echo signals reflected from the posterior wall, where- 
as the angiocardiographie wall thickness was mea- 
sured from the lateral wall. Usually, the wall thick- 
ness of the left ventricle is relatively constant about 
its equatorial axis, but considerable discrepancy in 
the dimensions of the wall may exist at different 
locations in patients with myocardial disease. The 
accuracy of the ultrasonic method was therefore 
probably better than that implied by the angiocardi- 
ographic comparison because patients with myocar- 
dial disease were included in the study. 

The dimension utilized in this investigation 
approximated a circumferential diameter which ex- 
tends from the interventricular septum to the postero- 
medial basilar wall. No attempt. was made to exam- 
ine the mitral valve annulus motion as reported by 
Feigenbaum et al. Preliminary investigations 
showed that this variable added little to the esti- 
mates of stroke volume or dimension. 

Clinical implications: Left ventricular dimen- 
sions and their change during the cardiac cycle cor- 
related well with similar measurements made by bi- 
plane angiocardiography. These close relations are 
encouraging because they suggest that echocardiog- 
raphy, as a quantitative indirect technique, could 
be a useful tool in monitoring cardiac size during ill- 
ness and therapeutic interventions or in physiologic 
studies. However, considerable effort must still be 
directed toward refinement of technique and assess- 
ment of reproducibility. Several studies, for instance, 
suggest that appropriate changes occur in the rate of 
wall motion as measured by ultrasound,}* but no di- 
mensional observations have been recorded. Simi- 
larly, the value of the technique as a guide in thera- 
py of patients or in prognosis during acute myocar- 
dial disease has not been assessed. The reliability of 
echocardiography in clinical decision making there- 
fore awaits further standardization of methodology 
and serial application. 
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A new method for the rapid diagnosis of pericardial effusion employ- 


‘ing the gamma ray scintillation camera and an intravenous bolus 


injection of technetium sulfide °° Tc is presented. Since a chest 
roentgenogram is not required and scanning times are significantly 
reduced, this method appears to be superior to previously reported 
radioisotopic techniques. 


The diagnosis of pericardial effusion can be difficult in patients with 
congestive heart failure and an enlarged cardiac silhouette. The dif- 
ferentiation between cardiomegaly and pericardial effusion is essen- 
tial for appropriate and often life-saving therapy. However, clinical 
evaluation may not reveal characteristic physical findings, and the 
electrocardiographic changes often may be nonspecific. Several 
techniques are presently available for the evaluation of patients with 
possible pericardial effusion. Carbon dioxide ‘cineangiocardiography 
and echocardiography have been successfully utilized.1~? Explora- 


` tory pericardiocentesis using electrocardiographic monitoring is now 


frequently employed with somewhat greater safety than in the past, 
but the technique remains hazardous. +5 

Radioisotopic techniques for the diagnosis of pericardial effusion. 
were originally introduced in 1958 and ‘have been shown to have 
significant clinical value.68 However, most of these methods utilize 
rectilinear scanning equipment, requiring prolonged scanning time of 
at least 1 hour. A chest X-ray film is also necessary. These techniques 
are not practical for seriously ill patients who are unable to tolerate 
the supine position and the lengthy scanning time involved. 

Development of the gamma-ray scintillation camera in recent years 
has made possible rapid and dynamic visualization of blood flow 
through the brain, major vessels, heart and kidneys.®-1? Recently such 
radioisotopic angiocardiographic techniques have been used success- 
fully for the repid diagnosis of pericardial effusion.1-15 These tech- 
niques now exceed rectilinear scanning methods in accuracy and 
practicality. 


Materials and Methods 


The instrumentation employed was the Nuclear Chicago Pho-Gamma 
scintillation camera with a 3-inch, 4,000 hole multichannel collimator. The 
radioisotopic compound used in these studies was technetium sulfide mT c. 
Initially, a liver:labeling dose of 5 mc of technetium sulfide 9mT¢ is admin- 
istered intravenously. Five minutes later, the patient is placed in either the 
sitting or supine position with the face of the detector over the precordium, 
so that a portion of the right side of the chest and the superior portion of the 
liver are included in the field of view. A preliminary scintillation camera ex- 
posure is taken to assure proper positioning of the patient. A rapid bolus in- 
jection of technetium sulfide °°™TC is then administered, and serial 4 second 
scintiphotograpks are obtained for a total period of 32 seconds. The entire pro- 
cedure requires 70 minutes or less. 
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Figure 1. Normal radioisotopic angiocardio- 
gram study. Progression of an isotopic 
bolus is visually monitored as it passes 
through the superior vena cava (SVC), right 
atrium (RA), and right ventricle (RV) at 8 
seconds (A). The pulmonary artery is seen 
in B at 12 seconds (PA). Pulmonary arterial 
circulation is demonstrated at 20 seconds (C 
and D). Thereafter, progressive obliteration 
of the cardiac silhouette occurs (E and F). 
Distinct separation between radioactivity 
level of the liver and heart is not observed. 


Figure 2. Radioisotope angiocardiogram in 
a patient with malignant pericardial effusion. 
A crescent-shaped area of decreased radio- 
activity (PE) surrounds a small cardiac blood 
pool throughout the entire study, with clear 
separation between the liver (L) and heart. 


Figure 3. Congestive heart failure. In early 
scintiphotographs (A to C), zones of de- 
creased radioactivity are noted about the 
heart in the regions of the lung bases, but 
throughout the study there is no clear sepa- 
ration between the heart and liver (L). The 
areas of decreased radioactivity are not 
persistent, and in the latter stages of the 
procedure, obliteration of the cardiac border 
occurs (DtoF). 
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Figure 4. Pericardial effusion with right 
lower pulmonary lobe infiltrate on X-ray film. 
As the study progresses a definite zone of 
reduced radioactivity is present between the 
left lung field and the heart representing per- 
icardial effusion (PE). There is slight separa- 
tion between the superior edge of the liver 
(L) and the inferior edge of the heart. In the 
latter part of the study an area of decreased 
tracer concentration in the region of the right 
jung base (RLB) is present and is secondary 
to a pulmonary infiltrate and a right hilar 
mass noted on the chest X-ray film. 


Figure 5. Cardiomegaly and uremic peri- 
carditis with effusion. The right ventricle (RV) 
and pulmonary artery (PA) are well seen dur- 
ing the early phase of the study (A and B). 
When isotope concentrates in the region of 
the left ventricle (LV), this area is consider- 
ably enlarged when compared with a normal 
study (Fig. 1). The cardiac blood pool is 
clearly separated from the lung fields and the 
superior border of the liver. 


Figure 6. Negative study that initially ap- 
pears positive. No effusion present at autop- 
sy. In early scintiphotographs (B and C) 
zones of decreased radioactivity are noted 
about the heart (arrow) but this is seconda-y 
to isotope entering the pulmonary circula- 
tion(PA = pulmonary artery). There is no 
separation between the right ventricle (RV) 
and superior edge of the liver. When isotope 
enters the left ventricle (LV) a separation 
appears to exist inferiorally between the car- 
diac blood pool and the liver. However, the 
latter part of the study demonstrates progres- 
sive obliteration of the cardiac silhouette, 
and the study is therefore negative. 
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Clinical Examples 

Normal study: A study performed in a patient with no 
evidence of pericardial effusion is seen in Figure 1. No 
separation between the radioactivity level of the heart and 
liver or heart and lung is noted. Subsequent progressive 
obliteration of the cardiac outline occurs as the study 
progresses. 

Pericardial effusion: Scintiphotographic findings in 
pericardial effusion are illustrated in Figure 2. There is 
greater than 2 mm separation between the superior border 
of the liver and inferior border of the heart. There is also 
clear separation of the pulmonary blood pool from the 
heart pool by a crescent-shaped area of low-level radioac- 
tivity representing the region of pericardial effusion. 

Congestive heart failure: Figure 3 demonstrates the 
typical radioisotopic findings in patients with congestive 
heart failure and marked cardiomegaly. There is an ob- 
vious decrease in radioactivity at the lung bases. The 
chest X-ray film revealed more prominent vascular mark- 
ings in the upper lung fields as compared to the lower 
lung fields, a reversal of the usual pattern. There is no 
clear separation between heart. and liver radioactivity, and 
obliteration of the cardiac silhouette occurs as the study 
progresses. 

Pericardial effusion with pulmonary infiltration: 
Figure 4 demonstrates pericardial effusion secondary to 
malignancy, in association with a right hilar mass on 
X-ray film and an infiltrate involving the right lower pul- 
monary lobe. An area of separation is present between the 
left lung field and the cardiac blood pool. There is no sep- 
aration between the heart and superior border of the liver. 
An area of markedly reduced concentration of tracer is 
noted in the region of the right lung base. 

Pericardial effusion and cardiomegaly: Figure 5 
shows characteristic changes in a patient with cardiomegaly 
and uremic pericarditis. The left ventricle is marked- 
ly enlarged but, in addition, a definite separation between 
the pulmonary blood pool and the heart pool can easily be 
noted. 

Normal study with difficulty in interpretation: Fig- 
ure 6 is an example of a normal study that initially ap- 
‘pears: positive. At autopsy no effusion was found. There 

“appears to be a separation between the cardiac blood pool 
and the liver, but obliteration of the cardiac silhouette oc- 


-eurs as the study progresses. The “separation” is the re- 


gion of the right ventricle, now empty of the isotope bolus 
as it progresses to the pulmonary circulation. 
Discussion 

Since the introduction of pericardial scanning with 
131] albumin by Rejali et al.,° experience has. shown 
that this procedure may be most useful.?-8 However, 
rectilinear scanning studies are inordinately time- 
consuming and may be difficult or impossible to per- 
form in seriously ill, dyspneic patients who cannot 
tolerate the supine position or the lengthy scanning 
time required. 


In this report newly developed techniques for the 
rapid diagnosis of pericardial effusion have been re- 
viewed. These techniques employ the scintillation 
camera and depend on the dynamic visualization of 
a radioisotope bolus as it travels through the cardiac 
chambers and lungs after intravenous injection. The 
cases reported required study times of less than 10 
minutes. Chest X-ray films were not necessary. Fur- 
thermore, since these techniques are atraumatic and 
reproducible, they can be repeated daily if necessary. 

There has been no attempt in this investigation to 
compare the several available radioisotopic com- 
pounds presently in use. Pertechnetate 9™Tec is a 
most commonly. employed!3.15 and has been used in 
dynamic vascular studies of the brain, heart and kid- 
neys. In this laboratory, technetium sulfide 99™Tc is 
the radiopharmaceutical agent of choice. It is rapidly 
removed from the blood during the first few minutes 
after injection by the reticuloendothelial system.16 
As a result, there is less residual vascular back- 
ground radioactivity should it be necessary to repeat 
the procedure at the same session. When sodium 
pertechnetate 9°™T¢ is used, significant radioactivity 
levels remain within the vascular compartment, pro- 
ducing a persistent vascular background and pre- 
cluding repetition of the procedure for several hours. 
In addition, the specific uptake by the liver of tech- 
netium sulfide %™T¢ aids in positioning of the pa- 
tient and in the accuracy of diagnosis. Both agents 


_ have a short half-life (6 hours) and result in relative- 


ly little total body radiation!7; consequently, large 
doses can be used to obtain good resolution with lit- 
tle risk to the patient. 


The radioisotopic techniques described have not 


been compared in this laboratory with other methods 
presently available for detecting pericardial effu- 
sion.18-23 Each has obvious advantages and each pro- 


vides useful information. As yet there are no reported o 


studies comparing radioisotopic angiocardiography 


as described in this report with carbon dioxide 


cineangiocardiography or echocardiography. 


The radioisotopic methodology described here is 


now readily available since most nuclear medicine 
laboratories have acquired or will acquire scintilla- 
tion cameras. The technique represents an innocu- 
ous, highly reliable screening procedure that is easily - 
performed in very ill patients with little risk. The 
studies are atraumatic, accurate and reproducible, 
and they can be performed rapidly and frequently. 
We believe that this procedure will prove indispens- 
able in the evaluation of patients who are suspected 
of having pericardial effusion. 
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A review of the history, etiology, pathophysiology, classification, clin- 
ical history, physical findings, and laboratory, electrocardiographic _ 
and roentogenographic criteria for aortic dissections and dissecting _ 
aneurysms is presented. The indications and modes of therapy are _ 
discussed as they are being developed and currently practiced. E . 
At present, continuation of drug therapy is favored in patients with. 
uncomplicated type Ill acute or chronic dissections and in those — 
with severe general contraindications to surgery. However, urgent | 
operative treatment is now reemerging as the procedure of choice _ 
for patients with type | acute dissections or complicated type Ill dis- _ 
sections, as well as for patients who are normotensive. Stricter cri- 
teria for continuation of drug therapy and for surgery have been de- | 
veloped on the basis of recent reports and our own experience. : 










The clinical presentations and causes of aortic dissections differ 
greatly and affect diagnosis and treatment accordingly. Therapy 
with drugs or surgery at the earliest suspicion is promulgated by 
some, whereas more concerted efforts to make a complete diagnosis _ 
and provide medical management, reserving surgery only for compli- _ 
cations, are proposed by others. a 

A central theme emerges from this spectrum: The uninhibited 
continuation of dissection results in death, which can be prevented — 
only by the coordination of efforts among referring physician, emer- _ 
gency room personnel, radiologist, internist, surgeon and intensive 
care personnel. Rapidly instituted team management for aortic dis- 
section is desirable since the ultimate decision about surgical or 
medical therapy will become obvious in most patients. 


History 





Diseases of the aorta such as aneurysms were described as far back 
as the second century A.D. by Antyllus.1 Between 1550 and 1800 
A.D. several additional descriptions are found, notably those of — 
Vesalius (1557),2-3 Sennertus (1628),3:4 Nicholls (1763)5-® and Mor- | 
gagni (1766).*8 The cause of death of King George II was due toa — 
tear of the aortic intima followed by rupture of the right ventricle,’ : 

Dissections were clearly described in the nineteenth and twentieth _ 
centuries, Starting with Scarpa (1804) and Maunoir (1802),1° _ 
healed dissections were noted. Shekelton (1822)9§41 mentioned tbe _ 
“double barrel” aorta with distal reentry ad finally, the term “dis- 
secting aneurysm” was introduced by Laennec*:!2 in 1826. 

That the ascending aorta was the most frequent site of origin 
the dissection was noted by Elliotson (1830),!*-14 who also added 
that the intimal tear was usually transverse and the external rupture 
longitudinal. Soon thereafter Pennock (1838)6-15 recorded the first 
American case report and Swaine (1855)3.616 the first correct 
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antemortem diagnosis. Babes (1910)%47 noted that 
an intimal rupture was not always a necessary pre- 
condition of dissection. This finding was supported 
by Krukenberg (1920),3-1% who also suggested rup- 
ture of vasa vasorum as a mechanism. 

Attempts at treatment were not initiated until 
1935, when a temporarily successful reentry opera- 
tion was performed by Gurin et al.1® although the 
patient died of renal failure. Prolonged survival was 
reported by Abbott,2° Golden and Weens?t and Mul- 
ler et al.22 with cellophane or Orlon wrapping of 
chronically dissected aneurysms. However, consistent 
and encouraging surgical results were not achieved 
until 1955 when DeBakey et al.23 introduced thoracic 
fenestration or excision followed by grafting of the 
origin of the dissection, especially for those dissections 
‘originating distal to the subclavian artery. Wider ap- 
plication of operations with the use of bypass 
followed, but the early mortality remained high, and 
Wheat et al. (1965)24 successfully introduced “radical 

: medical therapy.” This allowed more patients to be 
carried over the initial dissection and permitted clear- 
cut criteria for surgery to be proposed. 


Incidence 


Although dissections are stated to be more com- 
mon in men (2:1 to 3:1 male to female ratio as 
found by Shennan),-!6 this is true only for pa- 
< tients between 50 and 60 years. Under age 40, there 
ig nearly equal distribution, with half of the dissec- 
“tions in women occurring during pregnancy.?:2>27 
Over age 60 dissections occur more frequently in 
women than in men.?8 

The autopsy incidence is variously reported as 60 
cases in a 5 year period (1933 to 1937) at the San 
Francisco coroner’s office®:29 to 1 in 714 autopsies at 
the Cook County Hospital®-3° and 1 in 128 autopsies 
at the Massachusetts General Hospital.” 

Although antemortem diagnosis is now the rule 
rather than the exception, only 6 of a total of 317 re- 
ported cases had been diagnosed ante mortem by 
1933.3-6.14 This rate of 1.8 percent correct ante mor- 
tem diagnosis rose to 10.6 percent by 1950 when all 
of 734 reported cases were reviewed.® At the Los An- 
geles County Hospital the rate rose further to 28.5 
: percent by 1950,6 and between 1968 and 1970 the 
antemortem diagnosis was made correctly in 80 per- 
cent of 16 patients with dissecting aneurysms at the 
University of Chicago. 


Classification 
Clinical 


Several classifications have been proposed. Divid- 
ing the disease into acute, subacute and chronic 
categories, Gager®? amplified on the clinical presen- 
tation. Intimal tear followed by medial dissection 
and termination of life by adventitial perforation 
takes less than 24 to 48 hours in the acute form and 


days to weeks in the subacute form. Reentry and 
double lumen characterize the chronic or healed 
types, which may also result in clotting of the false 
lumen with eventual fibrosis. In some patients, re- 
current acute dissection may occur, and in many of 
the chronic types death may result from associated 
but unrelated congestive failure, cerebrovascular 
ischemia or coronary occlusion. 


Anatomic 


Dissections are said to be of high risk if they in- 
volve the ascending aorta and of low risk if the as- 
cending aorta is spared. Although DeBakey et al.23 
originally found 9 different types according to origin 
and extent of disease (1955) and Hume and Porter 
(1963)14 subsequently found 6 basic categories, it is 
simplest to classify dissections—with or without 
aneurysms—according to the following 3 types (De- 
Bakey et al., 1965)33: 

Type I, extending from the ascending aorta to the 
arch and beyond, occurs the most frequently (60 to 
70 percent incidence). 

Type II involves chiefly the ascending aorta as in 
Marfan’s syndrome (rarest incidence.) 

Type III originates beyond the subclavian artery 
and may or may not be confined to the thoracic 
aorta (20 to 30 percent incidence). 

There are other groups, such as dissections with- 
out an intimal tear, those confined to the arch, or 
those with the tear originating in the abdominal 
aorta, or the iliacs or carotid arteries. Also, external 
injury or iatrogenic causes may rarely result in pe- 
ripheral dissections. 


Etiology of Different Forms of Dissection 


Epinephrine has been shown to cause dissec- 
tion.14.34 Lathyrism induced in white rats fed a diet 
containing 50 percent Lathyrus odoratus seeds con- 
taining beta, gamma, L-glutamyl aminopropriononi- 
trile?5 resulted in dissecting aneurysms of the tho- 
racic aorta.2® Aortic rupture was induced in rats fed 
amino nitrates,3? and naturally occurring dissecting 
aneurysms were noted in turkeys.3° The problem 
plagued poultry farmers, and the solution was dis- 
covered in reserpine.2® The results in this natural 
animal model of human disease as well as the princi- 
ples of treatment were not lost to the clinicians and 
Wheat et al.?4 introduced such treatment to their 
patients in 1965. 

Medial necrosis results in dissection in young pa- 
tients with Marfan’s syndrome when cystic degen- 
eration of the media is present. In still younger pa- 
tients, Erdheim’s medial necrosis is the etiologic fac- 
tor and it involves medial necrosis without cystic de- 
generation.2°-4° Microscopically, whereas cystic-ap- 
pearing vascular structures traverse the full thick- 
ness of the media in the ordinary cases, in Erdheim’s 
necrosis repair by fibrosis without notable vascular 
proliferation is seen. Grossly marked dilatation or 
actual aneurysmal formation of the ascending aorta 
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ig seen with an accompanying dissection. Aortic re- 
gurgitation results from dilatation of the valvular 
< ring and loss of apposition, or from loss of leaflet 
support when the aneurysm extends proximal- 
ly.6,41.42 
Pregnancy: Hypertension is found in 25 to 50 per- 
cent of pregnant patients with dissections.43-45 Asso- 
ciated cystic medial necrosis or congenital cardiovas- 
cular anomalies such as coarctation of the aorta may 
also be present. 46 
Fifty percent of dissections in women less than 40 
years of age may occur during pregnancy,*? and rup- 
ture commonly occurs during the third trimester or, 
if during labor, during the first stage. Most frequent- 
ly these are of type I dissections, the tear originating 
within 2 cm of the aortic valve in 75 percent of cases. 
The second most common dissection occurs in the 
distal ascending aorta. 47-48 
Atherosclerosis is most frequently associated with 
dissection, especially in elderly patients.49 Even in 
younger patients Hirst et al.44 reported 43 such cases 
in subjects under age 40 years. Associated hyperten- 
sion is frequent. The rupture rarely starts in the 
abdominal aorta.*9 
Syphilis may coexist with atherosclerosis,28 but it 
is probably neither a‘specific etiologic factor nor a 
protection against development of dissection.” 

_ Endocrine disorders may lead to dissection either 
through the development of hypertension, as with 
Cushing’s disease! or pheochromocytoma,}*:52. or 
independently, as in the 3 cases reported to have oc- 
curred after thyroidectomy.53 

© Other congenital cardiovascular anomalies such as 

“< coarctation of the aorta, aortic stenosis with bicuspid 

valve, ductus arteriosus, atrial septal defect, tricus- 

pid valve defect or aortic hypoplasia may be associ- 
ated with dissection or dissecting aneurysms.43-44.54- 

87 Jn about 10 percent of patients with 
coarctation of the aorta, the cause of death is rup- 

«ture of a dissecting aneurysm or hemopericardium, 

or, both.5°® 

Trauma may result in intimal rupture and dissect- 
ing hematoma, which is particularly dramatic when 
it is the result of sudden deceleration injury on the 
descending thoracic aorta at the ligamentum arter- 
iosum attachment.26-59.58.59 Dissection or aneurysm 
of the ascending aorta may also result with detection 
of dissection being delayed anywhere from weeks to 

27 years,60.61 

Finally, iatrogenic causes are various: After ar- 
teriographic procedures and subintimal dye injections, 

a limited or extensive dissection may result.62-68 In 1 

such patient in our series of 16, a percutaneous retro- 

grade abdominal aortogram was obtained during di- 

agnostic evaluation for hypertension. After the aorto- 

gram the left leg became ischemic and pulseless. Re- 
peat arteriography demonstrated left common iliac 
arterial obstruction which did not open up after Fo- 
= garty thrombectomy. The distal abdominal aorta was 
found to have a posterolateral dissection with inti- 
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mal tear which raised the intima more toward the 
left, causing complete obstruction. The dissected 
intima was excised and sewed distally with inter- 
rupted sutures. Complete restoration of flow to the 
legs resulted. Resection and grafting were not neces- 
sary in this previously normal vessel.®* x 
After arterial return of blood from extracorporeal 
circulation, antegrade®® or retrograde aortic dissec- 
tion may result.7°.7! Care to avoid atherosclerotic 
ascending or descending aortas, iliac. or femoral arte- 
ries and the availability of both aortic and peripheral 
sites when preparing the patient for surgery should 
nearly eliminate the. problem. Dissections have also 
been reported to occur after aortic operations,2®-72 
synthetic: grafts and- homografts?® for thoracic or 
abdominal aortic replacement, as well as coronary 
perfusion.” In another patient in our series we noted 
dissection of a previously inserted Teflon® graft in 
the descending aorta. The patient presented in the 
emergency room with sudden onset of paraplegia and 
was taken directly to the operating room where the 
presumptive diagnosis was proved. The proximal. 
suture line of the graft was detached along with the. 
neointima, and the “false” lumen compressed: the- 
graft and obstructed the lumen. Calcification of the 
entire area was noted, and it was not possible to ef- 
fect a hemostatic anastomosis.” 


Pathophysiology and Pharmocologic Control 


Whether the intimal rupture initiates a dissec- 
tion!4.55 or results from vasa vasorum hemorrhage 
and expanding intraluminal hematoma,’ the impor- 
tant mechanism leading to complications and death . 
is the continuation of dissection. The intimal tear 


is usually transverse,®° but a longitudinal or F- or | 


V-shaped tear has been described.14 

Exertion is considered an important mechanism in 
15 percent of patients.75 Emotional distress, strain- 
ing at stool and coitus have also been men- 
tioned® as contributing factors in initiating a dissec- 
tion. However, the adhesiveness of the intima and its 
compliance ratio to the adventitia and media have 
not been mentioned. 

Chances of reaching the intimal breaking point are 
greatly increased in patients with hypertension, and 
associated atherosclerosis would further restrict. inti- 
mal compliance. Once the tear occurs, continuation 


of dissection depends on continuing cardiac impulse 


with pulsatile flow7® and increased mean systemic 
blood pressure. “7? 

In experimental models of dissection, laminar non- 
pulsatile flow is associated with cessation of dissec- 
tion whereas pulsatile flow of increasing acceleration 
is followed by continuation in both directions from 
the original tear.77 Reserpine and propranolol dimin- 
ish the cardiac impulse by their negative inotropic 


effect.78 Secondary blood pressure effects may also : 


be noted. Hexamethonium™ primarily reduces the 
mean systemic blood pressure even though it has 
positive inotropic effects.8° 
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Arfonad” results in a negative inotropic effect, and 
a reduction of the mean systemic pressure.?4-81-83 Jt 
is commonly the initial drug of choice. 

Diazoxide in resistant cases further reduces the 
pressure although it has a positive inotropic ef- 
fect.4-85 The control of continuation of dissection by 
reversing the 2 mechanisms responsible, and thus re- 
ducing the kinetic energy component of pulsatile 
blood flow, is eminently possible and indeed feasible 
by the use of pharmacologic control of impulse and 
pressure.*4 


Clinical Features 


History 


Pain is the most frequent symptom. The intensity 
of the pain, rather than its precise location, is char- 
acteristic. It is described as “tearing” or “throbbing,” 
in synchrony with each heartbeat, “ripping,” or 
“excruciating” and rarely resembles the constrictive, 
oppressive pain of myocardial infarction.®-14,25.86 
The onset is sudden, the duration continuous and 
unremitting, and it is accompanied by the fear of 
imminent death. 

Variation of its location to the chest, back, inters- 
capular, submental, facial or abdominal regions with 
radiation to limbs is what makes pain a protean but 
tragic symptom, absent when there is early cerebral 
insufficiency or in some chronic cases. Its description 
delineates the extent of the dissection, as for exam- 
ple when flank pain accompanies dissection to the 
level of the renal arteries and when pleuritic pain 
follows partial adventitial rupture and hemothorax.® 
After control of the initial attack, recurrent pain 
may signify resumption of progression of the dissec- 
tion. 

Other neurologic symptoms include transient or 
permanent paralysis in 10 to 35 percent of patients,%6 
uncommonly syncope’? (which is usually not pres- 
ent in myocardial infarction) and transient blind- 
ness!4 in 5 percent of cases. 

_. Gastrointestinal symptoms other than pain may 
include vomiting in 20 to 33 percent of patients,®-14 
urge to defecate, hematemesis or melena; the last 2 
are rather rare but ominous characteristics.® 8° 

Cardiorespiratory symptoms: History of hyper- 
tension is noted in 89 to 93.5 percent of patients.14 
Dyspnea results either from tracheal compression, 
hemothorax or from cardiac failure which may be 

= present in 21 percent of patients.14 Hemoptysis may 
also result from direct extension of the dissection 
into the lung or along the pulmonary arteries and 
into the root of both lungs.® In recurrent dissection 
and chronic cases symptoms of congestive failure 
such as peripheral edema may be present.®-14 

Oliguria or hematuria have been noted,®-14 and 

hoarseness from left recurrent laryngeal nerve in- 

volvement and vocal cord paralysis has been de- 
scribed.5° Involvement of the stellate ganglion by the 
hematoma has resulted in Horner’s syndrome.5° 


Physical Examination 


Patients with a new dissection are obviously in 
acute distress and. cannot find comfort in any posi- 
tion. Appearing pale and perspiring as if in shock, 
they are characteristically hypertensive. The inci- 
dence of hypertension on admission varies in re- 
ported series from 52 to 78 percent.®-14 Abnormali- 
ties in the pulse include sinus tachycardia, rarely 
other cardiac arrhythmias, and the patient may even 
have bradycardia from complete heart block induced 
by retrograde dissection of blood along the interatrial 
septum and bundle of His area. In 1 patient in our 
series we noted sudden bradycardia after partial 
excision and grafting of a type I dissection. At post- 
mortem examination the proximal aortic dissection 
was seen to extend past the aortoatrial space and 
into the interatrial septum. Additionally, there was a 
superficial hematoma in the interventricular sep- 
tum.59 

Unequal or absent pulses in the limbs, especially 
when this can be established as an acutely recent 
finding, are highly suggestive of the disease; this 
finding is present in 34 to 48 percent of patients.%6 

Increased pulsation sometimes results from the 
“autosympathectomy”’ affect of the dissected arterial 
wall28 and may confuse the picture. The associated 
dry, warm limb in the face of a cold, sweaty, hyper- 
tensive patient should help establish the diagnosis. 

Duplication of pulses has been described, probably 
due to the difference in flow rates in the true and 
false channels.®® Rarely, gangrene may result. 

In 1 such patient in our series we noted a weak left 
iliac and femoral pulse on admission. Arteriography 
demonstrated a type I dissection. Because of the pa- 
tient’s general condition, medical therapy was used 
with good results until the fifth day when a left glu- 
teal e. welchii gangrene appeared, eventually ad- 
vancing to involve the entire limb. Had the patient 
been in better general condition performance of a 
laparotomy and hemipelvectomy would have been 
considered.°° 

Examination of the neck may reveal unilateral 
vein distension from obstruction secondary to the ex- 
panding hematoma around the aorta or bilateral dis- 
tension from the same or from cardiac tamponade.®! 
A pulsating neck mass from upward extension of the 
dissection has also been noted.® 

Cardiomegaly was found in 38 of 59 patients® pos- 
sibly secondary to hypertensive heart disease. Other 
physical findings in the cardiorespiratory system de- 
pend on the extent of dissection. Left bloody pleural 
effusion predominates when leakage or adventitial 
fears begin. When blood seeps into the pericardium, 
a friction rub becomes audible. With intrapericardial 
rupture of the aorta, tamponade and death rapidly 
ensue in 10 to 34 percent of these patients.3-® Peri- 
cardial rub may also result from a myocardial infarct 
secondary to coronary artery occlusion by the dis- 
sected intima® or from uremia secondary to renal ar- 
terial occlusion.® 
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The diastolic murmur of aortic insufficiency is 
present in 23 to 27.5 percent of patients®:44 and re- 
sults from stretching of the valvular ring, loss of sup- 
port of 1 cusp®-4! or regurgitation through the tear 
into and from the false lumen.9* Coronary ostial oc- 
clusion may also be present. 

The findings in the abdomen are those of ileus. An 
abdominal pulsating mass is only rarely encountered 
(3 percent of patients) .14>44 

Neurologic findings depend on the exact location 
of dissection and may be temporary. Reappearance 
of pulses and wandering paralysis®? may be associ- 
ated either with reentry of the false channel or with 
-intermittent occlusion of the vessel ostium by an in- 
timal flap—usually reversible at the levels of the ca- 
rotid, subclavian or iliac arteries.6.5° The effects of 
distal ischemia on cerebral and spinal function are, 
of course, most critical: Unconsciousness, hemi- 
paresis, hemiplegia, paraplegia, flaccid paralysis and 
loss of sensation follow.§:44-50.86 Ischemic necrosis of 
peripheral nerves in limbs may result in loss of re- 
flexes .6.86 


Laboratory Findings 


Blood and urine: Normochromic, normocytic a- 
nemia with progressive reduction in the hematocrit is 
noted. This may persist. in the subacute and chronic 
form of the disease.®.44 Marked leukocytosis is usual- 
ly present. 14.44 

Blood urea nitrogen and creatinine levels are ele- 
vated because of prerenal azotemia from shock 
caused by blood loss and by increased destruction of 
blood at the site of rupture. Also, renal azotemia 
‘may result from acute renal arterial occlusion and 

renal infarction or from chronic nephrosclerosis asso- 
ciated with hypertensive renal disease.® 
uco Although clinical icterus is usually absent, it was 

` noted in a patient as early as 1936,94 and hyperbili- 
rubinemia results from absorption of dissecting he- 
matoma. The amylase may be increased when the 
dissection involves the superior mesenteric artery 
with hemorrhage around the head of the pancre- 
as.6.14 

Albuminuria and hematuria may also be noted. 

Electrocardiogram: The tracing is abnormal in 
patients with dissections, but not diagnostic. In 62 
percent of patients there is left ventricular hypertro- 
phy; ischemic or infarction patterns are present in 10 
to 39 percent of reported cases.6-14.44.95.96 An elec- 
trocardiographic pattern consistent with pericarditis 
is seen in 10 percent.® 

It should be noted that absence of changes of myo- 
cardial infarction, especially in equivocal cases, 
would support the diagnosis of dissecting aneurysm. 
The presence of electrocardiographic findings of a 
myocardial infarct does not, however, rule out a dis- 
section since a dissection in itself can cause coronary 
occlusion. 

Radiologic findings: On plain films of the chest 
with posteroanterior and lateral projections, several 


changes may be noted: superior mediastinal wid _ 
ening, widening of the distal aortic knob past the 
origin of the left subclavian artery, double shadow 
especially when there is calcification of the aortic 
wall, disparity in size of ascending and descending 
aorta, along with associated, generally left, pleural 
effusion.®.14.26.50 These changes often become quite _ 
obvious even when minimal, especially when com: | 
pared to older X-ray films, In pure dissection, how- © 
ever, the chest roentgenogram may be normal.?6 ; 

Contrast injection establishes the diagnosis andi 
can be carried out in several ways: transvenously by 
injection in the right atrium or pulmonary ar- 
tery®7.98 and transarterially by introduction of the 
catheter through percutaneous femoral,25:82,99,100°. 
axillary?®! or brachial routes and advancement to 
the arch and the ascending aorta. 

Venous angiography’? has the advantages of sim- 
plicity and minimal risk of rupture. By the use of | 
more contrast and rapid injection, especially when 
the circulation time is normal, an excellent “for- = 
ward” angiogram can be obtained with detailed in- _ 
formation about the site of intimal rupture and ex- _ 
tent of dissection. Occasional intense opacification of 
adventitial and adjacent tissue may give a false posi- 
tive reading. ae 

Direct intraarterial injections with use of retro- .° 
grade techniques are favored by many.?*:8° The ves- o 
sel with the best pulse is usually chosen and, even if © 
the catheter enters the false lumen, direct injection > 
is performed, Of course, the object is to visualize the 
origin and extent of the dissection, proximally as 
well as distally. 

A “double” lumen sign is produced when the false © 
channel fills with contrast material. This additional 
channel shows no atherosclerotic changes in possible 
contrast to the main arterial lumen. If the injection 
is in the false lumen, no branches (including coro- 
nary arteries) are seen arising directly from it. The | 
sinuses of Valsalva are not visualized even when the 
dissection extends to the aortic ring.28-28 

Nonfilling of the sac may occur in cases in which 
there is no intimal tear or in clotted, chronic dissec- 
tions. In these cases an irregular wall, more than 1. 
cm thick, is seen.?8 Partial filling occurs with incom- >- 
plete thrombosis and, even though the false lumen 
appears thrombosed, there may be shallow commu- 
nications between the true and false channels resem- 
bling the appearance of gastric ulcer craters.*® 

If the injection is in the true aortic lumen, the si- 
nuses and valvular leaflets are seen and, when the as- 
cending aorta is dissected, ribbon-like passage of the 
dye may be present.? The true lumen in the descend- = 
ing aorta is displaced, usually toward the mid- 
line, and shows minimal compression at the area of 
the diaphragm. 

The aortic branches, when patent, are visualized 
superimposed on the false dissected lumen with true 
lumen injection. When the intima is dissected par- 
tially inside the vessel with reentry distally there | 
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may be a proximal conical dilatation. Complete ab- 
sence of filling from either lumen indicates that the 
intimal flap is totally occlusive. Should the intercos- 
tal vessels be thus involved in a patient without pa- 
ralysis, it would be safe to proceed with resection 
and grafting without further endangering the cord 
blood supply.97 

Occasionally extraaortic dye will appear related to 
preterminal impeding rupture??? or, rarely, an arte- 
riovenous fistula between the aorta and inferior vena 
cava may be observed.1°3 The complete extent of 
dissection can be judged only by visualization of the 
entire aorta down to the bifurcation, preferably in 
more than 1 projection.?®:28 


Differential diagnosis 


Increasing awareness and preconditioning are re- 
sponsible for the rapid increase in correct estima- 
tions of the disease and its extent prior to the pa- 
thologist’s final diagnosis. Successful aortography 
establishes the diagnosis in most cases where this is 
to be ruled in or out. 

Myocardial infarction may coexist and, if the pain 
pattern suggests a typical infarction, arteriography 
should not be delayed especially in hypertensive pa- 
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Figure 1. Survival rates in 963 patients from 
6 reported series. 


tients. Peripheral emboli may be present with a sim- 
ilar syndrome and the arteriogram will clear the 
cause of obstruction, especially when the pain is not 
limited to 1 limb. 

Cerebrovascular accident from chronic carotid or 
innominate arterial occlusion can be ruled out by 
careful history from the family and by physical ex- 
amination in order to find other occluded vessels or 
double pulses or dry limbs or signs of tamponade or 
aortic insufficiency associated with ascending aortic 
dissection. 

Acute surgical abdomen cannot be ruled out if 
there is significant abdominal aortic branch occlu- 
sion, but arteriography would point to the proximal 
origin of the ischemia. 

Other causes of aortic insufficiency such as rupture 
of sinus of Valsalva aneurysm or aortic cusp perfora- 
tion can be ruled out by diagnostic arteriography. 


Prognosis 


Sudden death has been described in 3 percent of 
patients.44 However, a much greater incidence of 
death 15 minutes after the diagnosis is reported (35 
percent).3 By 48 hours 36 to 72 percent of patients 


268 August 1972 The American Journal of CARDIOLOGY Volume 30 


AORTIC DISSECTIONS AND DISSECTING ANEURYSMS-——ANAGNOSTOPOULOS ET AL. | 


are dead®.48; by 1 week the death rate ranges be- 
_ tween 62 and 91 percent.3-44 At 2 months it is re- 
ported as 71 percent,® at 3 months 89 percent,*4 at 6 
months 91 percent,*4 at 1 year 83 to 86 percent,86:104 
at 8 years 86 percent® and at 9 years 100 percent.44 A 
graph of survival combining and modifying 6 re- 
ported series is seen in Figure 1. 

It is therefore obvious that this disease is accom- 
panied by a tragic prognosis of approximately 83 
percent death rate 1 month from date of onset of the 
acute dissection, if not altered by treatment. Factors 
that worsen this poor prognosis are (1) the location 
of the tear, since ascending aortic lesions carry a 
higher risk, (2) significant hypertension®® and (3) ad- 
vanced age. 

Against this background of history, etiology, clas- 
sification, diagnosis and prognosis of aortic dissec- 
tions and dissecting aneurysms, we will attempt to 
formulate a plan of treatment based on review of the 
indications and results of each method. 


Surgical Treatment 


At present, surgical treatment is reserved for pa- 
tients at good risk with high risk ascending aortic 
dissections or complicated resistant. cases or those 
with contraindications to drug therapy. It was with 
the advent of cardiovascular surgery and the efforts 
of surgeons!4.23.24.105 that this disease became better 
understood and treatment, including medical treat- 
ment, improved. 

Historically the efforts of Gurin et al.,19 Abbott?° 
and DeBakey et al.?° should be mentioned. The im- 
„= pressive series of 179 operations for dissecting aneu- 

‘tysms that DeBakey et al.33 published in 1965 first 
established a clear-cut surgical improvement over 
the natural course of the disease. The 21 percent 
overall mortality must be viewed against the back- 
: ground that many of these patients did not suffer 
from acute dissections, but nevertheless the figures 
` are remarkable. 

DeBakey et al.33 established the principles of elimi- 
nating the potential for distal dissection by suturing 
the 2 barrels back together to a single lumen and of 
reentering the lumen proximally and distally with a 
graft and further distally with a reentry “window” 
when necessary. Associated valve replacement or 
reattachment was performed and the use of total and 
partial cardiopulmonary bypass was established. 
Three classifications and the treatment of each type 
were proposed: 

For type I (intimal tear in ascending aorta and 
extension all the way down): transection of the 
ascending aorta, aortic valve replacement (where 
necessary) and insertion of a prosthetic graft be- 
tween the oversewn double-barreled lumens (so 
that only a single orifice was present). 

Aortic valve replacement has been performed in 
the vast majority of patients with significant 
insufficiency. However, it is possible to preserve 
and restructure the patient’s aortic valve back to 
competence. 


In 1 such patient in our series after exposure of 
the aortic root it was decided to eliminate the 
false lumen which extended right down to the 
annulus and produced loss of leaflet suspension 
and massive insufficiency. This was accomplished 
with Teflon pledget-supported sutures on either 
side of the 3 commissures, and a perfectly compe- 
tent valve resulted. Ascending aortic grafting was 
then performed and repeat angiography 12 
months postoperatively demonstrated normal aor- 
tic valve function. 7? 

For type II (tear and extent limited to the as- 
cending aorta): the same treatment following re-` 
section of most of the aneurysm. 

For type Ul (tear and extent in descending 
aorta): graft replacement of the resected torn 
area was performed. Occasionally long grafts or 
abdominal fenestrations were added. 

Other surgeons®?:1°6 reported on similar opera- 
tions, but with less successful results. Austen et 
al.194 confirmed the 86 percent 1 year mortality in 
untreated cases, the poor results of fenestration oper- 
ations (78 percent 1 year mortality) and showed a 38 
percent surgical mortality with treatment of proxi- 
mal dissections and a further reduction to 22 percent 
when resecting and grafting distal dissections. There 
were no late deaths in the group treated surgically, 
whereas in another group of patients treated medi- 
cally the overall mortality was 43 percent in 1 year, 
rising to 60 percent for acute cases. 

Thus there developed another set of criteria for 
treatment following angiographic confirmation of 
dissection. In acute dissections with a clear-cut site 


of origin in ascending or descending aorta, control of __ 
hypertension was followed by surgery in patients at. — 
good risk: In all others (no origin on arteriography, = 
arch origin, patients at poor risk, stable subacute or = 


chronic dissections), medical therapy continued un- 
less (1) progression of dissection, (2) expansion of lo- 
calized aneurysm, or (3) cardiac complications of 
aortic insufficiency or possible tamponade set in, in 
which event surgical treatment was again offered. 
This careful grouping led to the best results yet in a 


series of 35 patients treated selectively by Daily. and a 


co-workers.105 Surgical treatment in cases in which 
the ascending aorta was involved was accom panied by 
28 percent hospital mortality (versus 67 percent for 
medical treatment). However, because in the group 
with descending aortic dissections the reverse was 
true (28 percent surgical mortality versus only 20 
percent medical mortality) these authors now advo- 
cate treating the ascending dissections with initial 
drug treatment immediately followed by surgery (in 
patients otherwise at good risk) while waiting for 
complications or increase in size before operating on. 
the descending dissections. 10° oe 

Abdominal aortic dissections: Another aspect of 
dissections involving the descending aorta, whether 
of type III or postoperative type I, is the long-term 
management of the abdominal aortic dissection. 

Two patients in our series demonstrate the prob- 
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TABLE I 


Specific Complications Requiring Strong Consideration for 
“Surgical Therapy 





Overwhelming aortic insufficiency 
Progressive heart failure 
Occlusion of major aortic branches 


Progressive symptoms 
Continuing dissection 
Pain after hypertension is controlled 


Uncontrolled bleeding into left side of chest 
Hemopericardium and tamponade 
Right bundle branch block 


Widening of mediastinum on X-ray study 
Impending rupture by X-ray study 
Shift of left border of descending aorta to the left 
Loss of sharpness of border of retrocardiac aortic shadow 
Hazy markings in left lower lung field 
Left pleural effusion 
Enlarging para-aortic mass 
Patchy infiltration or ‘ray"-like infiltration of adjacent lung 
field 


lem. In 1, the type I dissection extended below the 
‘renal arteries and, after successful grafting of the as- 
cending aorta and, control of hypertension, the 
abdominal dissection did not subside. Eighteen 
months postoperatively the patient presented with 
persistent back pain which could be controlled only 
by additional grafting of the distal abdominal 
aorta.’”* However, if the distal dissection stops short 
of the renal arteries, as in another patient with type 
TI dissection, the thoracic aortic graft controls the 
distal dissection.?? 

From the foregoing it becomes obvious that repeat 
arteriography is indicated in all patients after dis- 
charge, and we plan this at 6 months. Thus, suture 
dissections or problems related to continuing infrare- 
nal abdominal aortic dissection can be clarified. 


Nonsurgical Treatment 


Since the emerging pathophysiologic findings 
pointed to the contribution of pressure and impulse 
toward continuation of dissection, and methods for 
its control in- turkeys were established, Wheat et 
al.?4 introduced drug therapy for aortic dissections 
and dissecting aneurysms. 

Reserpine and guanethidine were originally used, 
and there were no deaths in the first group of 6 pa- 
tients by 15 months.?4 By 1969 14 percent acute 
mortality was reported in a group of. 50-patients- 
clearly a superior result of truly intensive drug thera- 
py.”* However, clear-cut indications for surgery de- 
veloped in 25 percent of these patients. Similar re- 
sults were reported by Harris et al.8? with 10 of 12 
patients surviving 1 month to 1 year. Others!°7 used 
drug therapy with guanethidine, reserpine and 
propranolol and also found it useful in acute aortic 
dissections. Initial drug therapy gained time for the 
patient and helped friable tissues to thicken. 

Their conclusion was that there was no question 


about reduction of the shearing jet effect of the pulse 
and prevention of further dissection and acute rup- 
ture. This mode of therapy would thus be very prac- 
tical in communities that lack facilities for open and 
closed cardiac procedures and in situations when 
transportation of the acutely ill patient may be haz- 
ardous. 

However, reports appeared of cerebral and renal 
complications as well as fatal ventricular arrhythmia 
associated with hypotensive therapy of dissecting an- 
eurysms.}°8 Careful selection of patients and indi- 
vidualization of therapeutic regimen was proposed in 
controlled hypotensive therapy. Austen et al.1°4 re- 
ported a 1 year mortality of 43 percent among 14 pa- 
tients treated medically. 

Lindsay and Hurst} also expressed some reserva- 
tions about drug therapy from their experience with 
37 patients. The problems encountered were (1) 
inability to reduce the arterial pressure, (2) ventricu- 
lar arrrhythmias that accompanied drastic reduction 
of pressure, and (3) renal complications. Twelve of 
their patients were normotensive on admission and 
were considered unsuitable for drug. therapy. In se- 
verely hypertensive patients the initial response to 
standard hypotensive drug treatment may fail. 

In 1 such patient in our series, diazoxide (Hyper- 
stat®) was used with successful control of hyperten- 
sion. The patient’s descending aortic dissection sta- 
bilized, and he was discharged 3 weeks later. Eight 
months later an increase in the size of the descend- 
ing aortic aneurysm was noted, despite adequate 
treatment, and the patient underwent successful 
descending aortic graft on a semi-elective basis 10 
months after his first admission, 74 

Indications for Surgery 

Drug therapy is the method of choice for the im- 
mediate management of the patient with dissecting 
aneurysm. Specific complications of the disease, as 
listed in Table I, associated with continuing dissec- 
tion will necessitate serious early consideration for 
surgical therapy.’* In addition, the fact that type I 
dissections have a poorer prognosis with medical 
management alone?4:50.104.105 will prompt early sur- 
gical treatment. Furthermore, the difficulties with 
treating normotensive patients for whom propranolol 
only may be used, and the fact that redissection or 
specific complications such as bronchial, cardiac or 
peripheral vascular compromise occur at an early 
stage, also point to early surgery as a solution.198 
Thus, at present a combined, vigilant approach is fa- 
vored. We favor drugs in the acute stage, followed by 
early surgery in acute ascending aortic dissections in 
patients at good risk or any acute dissections in nor- 
motensive patients at good risk. In all others, medi- 
cal treatment is continued with surgery reserved only 
for specific complications (Table I)—where it would 
even be justified in patients at marginal risk. Over- 
all, more than 40 percent of patients may require 
surgery at some point after the acute dissection, pre- 
suming that half of the patients with ascending dis- 
sections and a tenth of the rest qualify. 
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Simon Samuel (1867) on Inflammation—Il 


SAUL JARCHO, MD 
New York, New York 


In a recent issue of this Journal,/ the first half of 
Simon Samuel’s essay “Versuche úber die Blutcircu- 
lation in der acuten Entzündung” (Researches on 
the Circulation of the Blood in Acute Inflammation)? 

“was presented. The present installment contains, in 
a new English translation, the remainder of Samuel’s 
interesting report, to which a historical analysis has 
been appended. 


Translation of Samuel's Article (Concluded) 


3. The course of inflammation after ligation of the 
posterior auricular artery: To demonstrate the promi- 
nent role played by integrity of the arterial circulation in 

“the genesis of normal inflammation, this experiment is 
still more important than the preceding one. While caro- 
tid ligation blocks the entire arterial supply at least mo- 
“mentarily, this-—as previously stated—is not at all the 
case after ligation of the posterior auricular artery, since 
the pathway from the occipital artery remains completely 
unimpaired. Nevertheless, when the posterior auricular is 
‘ligated or transected far down at the root of the ear 
bleeding from the little artery ceases. at once in the 
usual stasis—and the ear is crotonized immediately; no 
regular inflammation. ensues but there is a protracted 
course, often described. Most often, even when exudation 
and other changes appear later, the process ends in gener- 
al coagulation of blood and shrinkage and sloughing of the 
part through demarcated inflammation .... 

After ligation of the artery if the course is not disturbed 
a few days are sufficient for complete establishment of the 
circulation. If crotonization is performed then, it elicits an 
entirely normal inflammation. In all these experiments it 
is important to ligate the artery high enough, before the 

„important branches are given off, i.e., right under the root 
of the ear. Otherwise the result is somewhat altered. 

In order to assure the success of the experiments de- 
scribed above under Nos. 2 and 3 it is always necessary to 
crotonize a healthy animal at the same time as the experi- 
mental animals. The two kinds should be kept apart from 
one another but maintained under the same conditions, so 
that in evaluation it is possible to exclude entirely the im- 
portant factor of temperature. For greater clarity albinos 
are preferable to other rabbits; various conditions are 
more easily overlooked in a dark ear. 


4, Obstruction of the venous circulation: Whereas 
stasis of blood in the veins constitutes the first component 
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ef the circulatory impairment in inflammation, in order to 
elarify understanding of this factor it. is necessary to dis- 
cuss what influence obstruction of the venous circulation 
of itself exerts on the ear, and what sequelae the combina- 
tion of arterial and venous plethora can produce. Obstruc- 
tion of the venous circulation of the ear is difficult to pro- 
duce by ligation of the great venous trunks, since there 
are many anastomoses with the opposite side. However, it 
is feasible to tie off the individual visible veins at the base 
ef the ear—at least all the larger ones—-so that it is possi- 
ble to block the venous circulation completely or almost 
completely, while the arterial circulation continues unim- 
paired. Usually six ligations are enough to attain this goal. 
Ef the sympathetic fibers of the ear were previously para- 
lyzed—-as is well known, in many animals paralysis of the 
cervical trunk of the sympathetic is insufficient: and tran- 
section of the greater auricular nerve is also necessary 
-~augmented. afflux is combined with diminished. drain- 
age, and there is consequent filling of the ear with blood 
such as does not occur apart from inflammation. The 
temperature of the ear climbs to a maximum of 33° R 
while the temperature of the room is 11° R. The small and 
large blood vessels are significantly enlarged. Their con- 
tours, which otherwise are very circumscribed, are quickly 
effaced by the swelling which rapidly follows the ligation 
and which usually reaches its maximum in about 12 
hours, after which it decreases. No matter how much the 
periphery of the ear is increased. by the swelling, no mat- 
ter how doughy it feels, no matter how intense is the serous 
permeation of the ear, vesicular elevation of the epi- 
dermis is never encountered. This circumstance and the 
extraordinarily rapid disappearance of all the phenomena, 
in a period of time in which in an inflammatory process 
they would have made an appearance and have not long 
attained their height, are the externally characteristic 
traits which distinguish this picture from that of inflam- 
mation, which in other respects it so closely resembles. 
The decrease in the phenomena is here concomitant with 
the constantly increasing expansion of the smallest veins. 
On account of their smallness they were not visible origi- 
nally; through them the blood makes a pathway—longer 
and more effective—for its discharge. The sites of ligation 
become inflamed in the‘ usual times. As in almost all 
traumatic inflammations of the ear this inflammation re- 
mains limited to the immediate vicinity, and suppuration 
of these sites first comes into existence when the swelling 
has been in regression for a long while. 

Ligation of veins without paralysis of the sympathetic 
has, according to the degree, weaker consequences than 
the previous case unless maintenance at a high tempera- 
ture causes considerable arterial hyperemia. 

This entire experiment is suited to show how much of 
the inflammatory phenomenon is attributable to stasis of 
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blood in the venous domain, which lasts much longer in 

inflammation than in this experiment and starts much 

more extensively and consequently must entail greater se- 
_ quelae. 


5. Scalding: If the upper third of the ear is dipped for 
one or two minutes in water at 70° R, this area becomes 
altogether narrow and empty of blood. The whole part is 
dry, wrinkled, parchment-like, and shrunken. The same 
experiment with water from 60° down to about 50° R pro- 
duces coagulation of blood in markedly widened vessels, 
and subsequently shrinkage and sloughing through a slow- 
ly developed demarcating inflammation. Between 50° and 
45° the consequence is redness and vesicular elevation of 
the epidermis. If the blister on either side is pulled off and 
the site is examined microscopically, it is seen that com- 
plete stasis of blood has occurred in the veins and capil- 
laries; blood still flows only in the largest venous trunks 
and in the arteries. In addition, at this site denuded of epi- 
thelium, no trace of circulation of blood is discoverable in 
any vessel of this area. If the epidermis remains undam- 
aged, inflammation of the region very often develops in 
the usual way and the part is retained, the epidermis 
sloughing subsequently. 

The strong influence of air on the dessication of blood 
vessels in which stasis has occurred is demonstrated in the 
following experiment. With this degree of scalding, if the 
skin on one half of the ear is pulled off while it is left un- 
injured on the other, the latter almost always is preserved, 
whereas the former undergoes shrinkage. 

Immersion of the ear in water from less than 45° down 
to about 40° produces insignificant inflammation. Small 
capillary stases and scattered small extravasations appear 
immediately and slight swelling appears later. The result 
is not noticeably greater when the ear is exposed to this 
temperature for a longer time, up to 5 minutes. Still lower 
oe of course produce still more insignificant re- 
sults. 

At the highest levels of temperature, 70° and above, the 
vessels at once become markedly narrowed, the blood 
within them is firmly coagulated, and the part appears 
pale. At 60° the vessels are paralyzed and widened but the 
blood within them is firmly coagulated and the part ap- 
pears red. The less the elevation of temperature, the less 
firm is the coagulation and the more easily it is resolved if 
there is no obstacle to the access of blood. However, the 
air exerts a highly dessicative influence and the standstill 
of blood turns into firm unresolvable stasis. In all cases in 
which the stasis is not resolved, necrosis of the entire part 
sets in. With complete stasis no swelling or opacity is to 
be observed; if these are present, a portion of the vascula- 
ture leading to the part is always unobstructed. In the 
ear these results appear in all their purity, since the whole 
organ can be exposed to an equal extent to the experi- 
ment; in such cases restoration of the circulation cannot 
occur from the depths but only from the surface. 


These experiments therefore establish: (1) that unresolv- 
able stasis causes gangrene; (2) that the stasis which is 
resolved by secondary congestion is the circulatory im- 
pairment characteristic of inflammation. 

There are two reasons, working in combination, why the 
- web of the frog, the bat’s wing, and the exposed mamma- 
lian mesentery show only stasis in response to incitants of 
inflammation, and secondary congestion supervenes slow- 
ly or not at all. In these thin, delicate membranes the 
vessels are exposed in an especially high degree to the ac- 
tion of the air on both sides, and restoration of the circu- 
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lation can occur not from the depths but only from the. 
surface. The more vascular layers are superimposed upon = 
one another, the more easily can resolution proceed from.” | 
the depths and from the surface when blood stagnates in 
one or more of the upper layers. When only the latter kind _ 
of resolution is possible, it must subsequently come to an | 
incomplete halt or indeed must entirely fail to occur, 
especially when spreading of the thin membrane permits = 
general access of air. The ear is in an incomparably better 
and more favorable situation than these thin membranes, ~ 
Most inflammatory irritants generally work from without 
inward, so that while stasis of blood starts in the outer- 
most vascular layers, collateral congestion develops from. 
the still uninjured vessels of the depths. Agents which can 
penetrate rapidly to the depths therefore work like corro- 
sive substances and boiling water, producing mortification: 
rather than inflammation of the rabbit’s ear. Q 

Apart from the so-called diffusion stasis, we find that. 
stasis and inflammation are neither identical with one.an- 
other, as was previously assumed, nor entirely foreign to 
one another, as one is often inclined to assume nowadays. © 
Stasis is a circulatory phenomenon which certainly ap- 
pears in inflammation but which is brought to resolution 
by secondary congestion. 





Comment on Samuel's Essay 


In Professor Samuel’s paper the style is inordi- 
nately complex and reminds one of the most intri- 
cate Latin confections of Morgagni. Only a devoted 
lover of morbid anatomy can confront the elaborate 
sentences, but the effort is rewarding. 

The stylistic intricacy stands in marked contrast 
to the simplicity and orderliness of the content. 
There are no burdensome citations of literature; the 
reader is assumed to be familiar with currently avail- 
able information. Experimental protocols are not 
given; instead there is a summary of the experi- 
ments, with adequate exposition of procedural detail 
and adequate description of the simple observations. 

The experimental animals were studied by gross 
inspection supplemented by microscopic examina- 
tion intra. vitam and by simple measurements of 
temperature. No histologic examination is men- 
tioned. 

The most evident historical influence apart from 
that of Virchow is Claude Bernard’s work on vaso- 
motor nerves, which was published between 1852 
and 1858. As previously stated, Samuel’s investiga- 
tion was contemporaneous with that of Cohnheim, 
and the two lines of inquiry show a number of simi- 
larities. The differences are also important--whereas 
Cohnheim attacked the general problem of inflam- 
mation, Samuel limited himself (in the present —. 
paper) to considering the circulatory component ofo 
the inflammatory process. oe 

Rejecting the frog’s web, the bat’s wing, and the. 
mammalian mesentery as test objects, Samuel used 
the rabbit’s ear, which offered several advantages. 
His choice evidences an increased sophistication in- 
experimental technique. To produce inflammation 
he used croton oil. 

Since croton oil evoked a severe acute reaction in. 
which the inflammatory phenomena appeared too 
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rapidly for successful study, Samuel undertook to re- 
tard the process by manipulating individual vari- 
ables. Accordingly, he conducted five series of exper- 
‘iments, designed to reveal the influence of (1) low 
.. temperatures, (2) unilateral carotid ligation, (3) liga- 
tion of the posterior auricular artery, (4) venous liga- 
“tion, and (5) scalding. 

By skillful use of low temperature experiments he 
was able to show that acute inflammation consisted 
of two discrete components, namely, venous stasis 
-and secondary arterial injection or engorgement con- 
` comitant with exudation and swelling. Continued ar- 
terial afflux in the presence of venous stasis led to 
increased transudation. 

Application of croton oil after ligation of the caro- 
tid ‘artery produced results resembling those of ‘‘cro- 
_ tonization” at low temperatures, ‘and especially a re- 
` tarded inflammatory process. However, after carotid 
- ligation, crotonization led to. mortification and 
<: sloughing. This consequence was avoided by transec- 
tion of the sympathetic trunk. 
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Venous ligation combined with transection of the 
sympathetic trunk produced an increase in local 
temperature and swelling; the latter reached a maxi- 
mum in 12 hours, then subsided without vesicula- 
tion. The speedy subsidence and the absence of vesic- 
ulation constituted the main differences from the 
phenomena of simple acute inflammation. Venous li- 
gation unaccompanied by transection of the sympa- 
thetic trunk usually produced less marked results, 
unless arterial: hyperemia was. induced by elevated 
levels of room temperature. 

In general, stasis that. was resolved. by secondary 


arterial congestion. was found. to. be. the circulatory 


impairment characteristic of inflammation. Samuel 


concludes that stasis and inflammation are not iden- 
tical but are not foreign to one another, stasis being 
dissipated and overcome by secondary congestion. 
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: Case Reports 





: Rupture of Dissecting Thoracic Aortic Aneurysm 
into the Right Ventricle 


RICHARD A. PERRYMAN, MBBS Intracardiac rupture of a dissecting aortic aneurysm is rare. Al- 
WILLIAM A. GAY, MD though previous cases of rupture into the atria have been reported, 
we are unaware of any report of rupture into the right ventricle. We — 
suggest that the pathophysiologic findings in this situation are similar __ 
to those seen in the intracardiac rupture of sinus of Valsalva aneu- __ 
rysms. The indications for urgent operation combine both the known 
progressive decompensation seen in this anatomic situation and the 
significant possibility of external rupture of the false sac of the aneu- 
rysm. 


` Durham, North Carolina 





Retrograde progression of. the medial hematoma of a dissecting tho- 
racic aneurysm to the aortic root is not uncommon. In such a situa- 
tion, should reentry of the false sac occur, the immediate prognosis is. 
improved. However, the patient may subsequently experience con-— 
gestive heart failure secondary to aortic incompetence or hyperten- 
sive heart disease. Rupture of the false sac may occur into any of the 
neighboring structures. The common sites of rupture are the pericar- — 
dium, pleural cavities and mediastinum, usually with a fatal out- 
come. Rupture of the sac into a cardiac chamber is rare. We recently - 
had the opportunity of studying and repairing surgically such a sit- 
uation in a patient with a communication between the false sac of a 
dissecting aortic aneurysm and the right ventricle. 








Case Report 


A 51 year old Negro man was admitted to Duke University Medical Ceneo 
ter on November 2, 1970 for evaluation of a continuous heart murmur. Six.” 
weeks before admission he had noted the gradual onset of right substernal 
pain described as a “gassy feeling, like indigestion.” He was seen by his. 
local physician 3 weeks later because of shortness of breath and persistant. 
similar chest pain, which increased with exertion. Physical examination re- 
vealed a continuous heart murmur, which had not. been noted 2 months 
earlier. Over the next 3 weeks, he described increasing exertional dyspnea, 
paroxysmal nocturnal dyspnea and continuing dull chest pain. There was 
no history of antecedent heart disease, hypertension or known trauma. 

Physical examination revealed a heavy-set Negro man with a “water _ 
hammer” pulse (rate 88/min) and blood pressure of 140/60 mm Hg. The... 
point of maximal cardiac impulse was in the sixth intercostal space in the 
anterior axillary line. There was a continuous thrill palpable over the sec- < 
ond and third right intercostal spaces. A normal first heart sound and nor- 
mally splitting second heart sound were heard; third and fourth sound gal- 

From. the Department of Surgery and Cardio- lops were present. A grade 4/6 continuous murmur accentuated in systole. 
vascular Laboratory, Department of Medicine, was heard maximally in the third right intercostal space at the right sternal” 
Duke University Medical Center, Durham, N. border, but was present over the entire precordium. Peripheral pulses were 
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‘Durham; NOC. 27706. with right atrial and right ventricular enlargement, pulmonary venous con-_ 
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Figure 1. Preoperative posteroanterior chest roentgenogram 
showing moderate cardiomegaly and widening of the aortic root. 
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Figure 2. Preoperative phonocardiogram at the fourth right in- 
tercostal space demonstrating the continuous murmur heard at 
the time of admission. Postoperative phonocardiogram demon- 
strates its disappearance after repair of the aortic-right ventric- 
ular fistula. 


























TABLE | 


Oxygen Saturation Values Obtained at Cardiac 
Catheterization* 


Oxygen Saturation (%) 





Preoperative Postoperative 


Superior vena cava 62 53 
Right atrium 66 57 
Inferior vena cava 57 60 
Right ventricle 79 58 
Pulmonary artery 77 59 
Aorta 93 95 


Pulmonary blood 
flow/systemic blood 
flow ratio 1.8:1 


*An oxygen step-up from right atrium to right ventricle is 
evident preoperatively. Postoperative values confirm closure 
of the aortic-right ventricular fistula. 


gestion and enlargement of the aortic root. The electrocar- 
diogram revealed left axis deviation with minimal nondi- 
agnostic S-T changes, and T wave changes compatible 
with left ventricular ischemia. Phonocardiogram demon- 
strated a continuous murmur (Fig. 2). The clinical diag- 
nosis of ruptured sinus of Valsalva aneurysm was consid- 
ered most likely. 

Right heart catheterization and aortography were per- 
formed. Right-sided pressures were slightly increased. 
Aortogram of the aortic arch demonstrated a large dissect- 
ing aneurysm with the intimal tear clearly defined at the 
mid-ascending aorta with dissection of the false lumen 
back to the aortic root, moderate aortic insufficiency and 
antegrade dissection to the origin of the innominate artery 
(Fig. 3). The right ventricle was seen to opacify concomi- 
tant with the false sac of the aneurysm, and a left to right 
shunt at the ventricular level was confirmed by oxygen 
step-up in the right ventricle (Table I). 

Operation and technical details: The aneurysm was 
approached by means of a median sternotomy (Fig. 4). 
Cardiopulmonary bypass with moderate hypothermia and 
bilateral coronary perfusion was employed. Incision of the 
aneurysmal sac revealed a 1 by 2 cm opening into the true 
aortic lumen and a 0.5 by 1 cm fistula at the base of the 
false sac communicating with the right ventricle anteriorly, 





Figure 3. Anteroposterior (A) and lateral (B) projections of the preoperative aortogram demonstrating the site of intimal tear in the 
mid-ascending aorta (arrow), dissection to the origin of the innominate artery and simultaneous opacification of left and right ventricles 


secondary to aortic insufficiency and the aortic-right ventricular fistula. 
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Figure 4. Illustration of the operative technique used in this 
patient. A, after the patient was placed on cardiopulmonary by- 
pass the ascending aorta was cross-clamped, just proximal to 
the innominate artery. B, the false aneurysmal sac was incised 
and the aortic-right ventricular fistula closed with interrupted sut- 
ures. C, the aorta was transected 1 cm above the aortic valve 
ring, coronary perfusion cannulas were inserted, and the false 
lumen was obliterated with interrupted sutures. A woven Dacron 
graft was sutured atthe aortic root. D, the distal aorta was tran- 
sected and the graft sutured, as shown, incorporating the true 
aorta and false sac to obliterate the false lumen. 


just proximal to the outflow tract. The aortoventricu- 
lar fistula was closed with 2 interrupted sutures of 3-0 
silk. The aorta was then transected 1 cm above the valve, 
which appeared morphologically normal. Valvular compe- 
tence was restored by reattaching the disrupted anterior 
commissure (that between the right and noncoronary 
cusps) to the dissected aortic wall with several interrupt- 
ed sutures. The false lumen was sutured to the true lumen 
at this level, and a woven Dacron® graft was then sutured 
into place using a continuous suture. A similar anastam- 
osis was carried out at the distal transection of the aorta 
just proximal to the origin of the innominate artery. At 
the distal anastamosis both the false and true lumens 
were incorporated in the suture line (Fig. 4). The post- 
operative course was marked by ventricular irritability and 
2 episodes of mediastinal bleeding requiring reexploration. 





À 





ata 








Figure 6. Posteroanterior chest roentgenogram taken 3 
months postoperatively. There has been reduction in cardiac 
size and marked decrease in the widening of the ascending 
aorta. 


Aortography, right heart catheterization and phonocar- 
diography were repeated on the tenth postoperative day. 
The repair appeared to be sound with good filling of the 
aortic arch and minimal aortic insufficiency (Fig. 5). 
Right-sided pressures were normal, and oxygen satura- 
tions revealed no evidence of a left to right shunt (Table 
I). No evidence of a continuous murmur could be seen on 
the phonocardiogram (Fig. 1). 

The patient was discharged 2 weeks after operation, and 
when last seen at follow-up examination 3 months post- 
operatively, he was doing well, with reduction in cardiac 
size radiographically (Fig. 6). 

Discussion 

Several features of this case warrant further dis- 
cussion: (1) The unusual cause for a continuous mur- 
mur in a patient with heart failure. (2) The rare oc- 





Figure 5. Anteroposterior (A) and lateral (B) projections of the postoperative aortogram. The Dacron graft is clearly visualized, and 


minimal aortic insufficiency is still present. 
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currence of intracardiac rupture of a dissecting aortic 
aneurysm (particularly into the right ventricle) and 
its clinical and pathophysiologic similarity to rup- 
ture of an aneurysm of the sinus of Valsalva. (3) The 
reasons for urgent operation in such a patient. 
Diagnosis and prognosis: A continuous murmur 
similar to that described in this case is most fre- 
quently heard with patent ductus arteriosus, aorto- 
pulmonary window,? anomalous coronary artery,? 
rupture of a sinus of Valsalva aneurysm,‘ rupture of 
an aortic aneurysm into the pulmonary artery;® coro- 
nary arteriovenous fistula® and aortic insufficiency 
with a ventricular septal defect.” The absence of a 
previous history of heart disease, hypertension or 
trauma led us to the presumptive diagnosis in this 
“patient of a ruptured sinus of Valsalva aneurysm. 
We emphasize the importance of cardiac catheteriza- 
tion in determining the correct diagnosis before oper- 
ation.® 
The hemodynamics in this case were similar to 
those seen in an aneurysm of the sinus of Valsalva 
that ruptures into the right ventricle. An aortocar- 
diac fistula occurs from the high pressure aortic root 
to the relatively low pressure right ventricle with a 
resulting left to right shunt and an increased cardiac 
work load.? Holman?!® has stressed the progressively 
detrimental effects of such physiologic alterations. 
The prognosis in ruptured sinus of Valsalva aneu- 
rysm is extremely poor, with the majority of patients 
-dying of congestive heart failure within 1 year of rup- 
ture. Endocarditis is a frequent complication con- 
‘tributing to the death of the patient.* 
The features of chronic dissecting aneurysm were 
„first emphasized by Jones and Langley in 1946.1 
The occurrence of a chronic dissecting aneurysm in 
the ascending aorta has generally been considered 
“uncommon because of the rapidly fatal outcome in 
most acute dissections involving this segment of the 
aorta. The usual cause of death is external rupture 
into one of the mediastinal or neighboring structures. 
The commonest sites of rupture in order of frequency 
are the pericardium, left pleural cavity, right pleural 
cavity and mediastinum.!*-13 Should reentry of the 
false sac into the aorta occur, the prognosis for the 
patient is greatly improved. This observation formed 
the basis of the “fenestration” procedures initially 
“used for surgery of acute dissecting aneurysms.!4 
Rarely, however, reentry occurs by rupture of the 


false sac into a cardiac chamber. Surgical repair of a 
dissecting aneurysm rupturing into the right atrium 
nas been previously described by Temple et al.15 A 
further case of dissecting aortic aneurysm rupturing 
into the right atrium, confirmed at autopsy, was re- 
ported by Dulake and Ashfield.1® We are not aware 
of any previously reported surgical repair of a dis- 
secting afleurysm rupturing into the right ventricle. 

Surgical indications: The conversion of an acute 
dissecting aneurysm into its “chronic phase” has 
been the basis of the intensive medical management 
əf the disease advocated by Wheat et al.17 Drugs re- 
ducing myocardial contractility and hypertension 
and, thus, those forces defined as “impulse”’18 on the 
aortic wall, are used in the acute stage. This regi- 
men is intended to allow the patient to enter the 
“chronic phase” of his disease. Elective surgery of a 
chronic dissecting aneurysm is technically easier and 
associated with a higher rate of survival.1® While 
preparations for elective surgery were made for this 
patient, he was maintained at bed rest and propra- 
nolol therapy was started to reduce “impulse” of 
ventricular systole. 

There were, therefore, 2 indications for surgery in 
this patient. First, the aortic-right ventricular fistula 
and accompanying aortic insufficiency were produc- 
ing progressive cardiac decompensation. Second, 
there was a significant possibility that the false sac 
might subsequently rupture externally or that. fur- 
ther dissection of the aorta might occur.2°-2! For 
these reasons, he was considered for urgent operation 
and underwent a successful repair of the aortic- 
right ventricular fistula and replacement of theas- 
cending aorta with a Dacron prosthesis. Aortic valve 
replacement was unnecessary, as has. been the expe- 
rience of others in the surgical management of dis- 
secting aortic aneurysm.?°:22 Indeed, in many cases, 
although the aortic valve is distorted by the dissect- 
ing hematoma, the morphologic features of the valve 
remain normal. 

Although previous cases of rupture of an aortic an- 
eurysm into the atria have been reported, we are un- 
aware of any report of successful repair of rupture 
into the right ventricle. We have suggested that the 
natural history of this anatomic situation is analo- 
geus to intracardiac rupture of a sinus of Valsalva 
aneurysm and should be considered in a similiar 
manner. 
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The case of a 22 year old Negro man with Sarcoidosis proved by bi- 
opsy to involve lung, liver and myocardium is reported. The electro- 
cardiogram showed typical changes of an anterolateral wall myocar- 
dial infarction, and the patient had multiform premature ventricular 
contractions and episodes. of ventricular tachycardia which were un- 
responsive to treatment with steroids and currently available antiar- 
rhythmic agents. Aneurysm of the left ventricular apex—the size of a 
tennis ball—-was demonstrated by angiocardiography, and surgical 
resection provided dramatic improvement of the ventricular arrhyth- 
mias. This is the third reported case of ventricular aneurysm due to 
sarcoid, and the first case to be. diagnosed clinically and treated 
successtully by surgical resection at open heart surgery. Ventricular 
aneurysm, regardless of origin, may present with refractory ventricu- 


lar tachycardia, which can be successfully treated by surgical exci- 


sion of the aneurysm. 


Since Bernstein’s initial case report! of direct cardiac involvement 
by sarcoidosis in 1929, incidental cardiac lesions have been described 
in a surprising percentage (13 to 20 percent) of autopsy cases of 
sarcoidosis.*"4. However, cardiac involvement only rarely dominates 
the clinical findings or directly causes death.*:5 

Gentzen® reported the first death due directly to myocardial sarcoi- 
dosis in 1937. In 1968, Bashour et al.* reviewed 44 additional case 
reports of fatal myocardial sarcoidosis. Five more cases of fatal myo- 
cardial sarcoidosis have been. reported by. others,?-!1 bringing the 
total to 50 cases. 

Since some of these autopsy cases have shown massive myocardial 
infiltration by sclerosis and granulomas,? it would not be surprising 
to find occasional formation of ventricular aneurysm. Indeed, 2 pa- 
tients with ventricular aneurysm due to cardiac. sarcoidosis have 
been described.1°:}2 Both of these patients died as a result of their 
cardiac lesions. l 

This communication reports a third case of sarcoid-induced ven- 
tricular aneurysm in which early detection and evaluation led to suc- 
cessful aneurysm resection with resultant cure of associated refracto- 
ry paroxysmal ventricular tachycardia. 


Case Report 


A 22 year old Negro man was initially admitted to Darnall Army Hospital 
on January 21, 1969 for surgical excision cf a thrombosed external hemor- 
rhoid. Surgery was canceled when the admission chest X-ray film showed 
bilateral pneumonitis. Serial chest films over the next 7 weeks revealed 
progressive pulmonary infiltrates although the. patient remained asympto- 
matic except for a 25 lb weight loss and intermittent mild expiratory 
wheezing. A liver biopsy revealed multiple noncaseating granulomas. Sarcoi- 
dosis was suspected, and the patient was. transferred to Brooke General 
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Hospital on March 13, 1969 for further evaluation and 
therapy. 

Physical examination revealed the patient to be afebrile 
with a regular pulse of 86/mim, blood pressure 136/90 mm 
Hg and weight 119 lb (usual weight 145 lb). There was 
mild wheezing over both lung fields with forced expira- 
tion. Cardiac examination revealed a hyperactive precor- 
dium with a diffuse apical impulse located 4 cm lateral to 
the mid-clavicular line in the fourth and fifth intercostal 
spaces. A left ventricular thrust was present. The second 
heart sound was physiologically split with mild accentua- 
tion of the pulmonic component. A third heart sound was 
heard, but no fourth sound, murmurs or rubs were pres- 
ent. There was no hepatosplenomegaly; the remainder of 
the physical examination was noncontributory. 

Laboratory data on admission to Brooke General Hospi- 
tal revealed a normal hemogram, urinalysis, blood urea 
nitrogen, serologic test for syphilis and serum calcium. 
Sickle cell preparation was positive, and hemoglobin elec- 
trophoresis was diagnostic for sickle cell trait. Sedimenta- 
tion rate was 39 mm in 1 hour. Liver function was abnor- 
mal with serum glutamic oxaloacetic transaminase 66 
Karmen units (normal to 40) and alkaline phosphatase 39 
King-Armstrong units (normal to 15.6). Lactic dehydro- 
genase was 258 Wacker units (normal to 154) with a dif- 
fuse isoenzyme pattern. Serum protein values were nor- 
mal except for a slight increase in beta globulin and IgA. 
Histoplasmin, coccidioidin, blastomycin, intermediate 
PPD, and mumps skin tests were all negative. Chest 
roentgenogram revealed marked bilateral fibronodular in- 
filtrates with minimal hilar adenopathy (Fig. 1). Pulmo- 
nary function studies revealed mild to moderate obstruc- 
tive and restrictive abnormality. Electrocardiogram on 
admission revealed changes typical of anterolateral myo- 
cardial infarction of undetermined age with marked ST-T 
wave changes (Fig. 2A). 


Hospital Course 


At the time of transfer to Brooke General Hospital, the 
most striking findings were the patient’s cardiac examina- 
tion and abnormal electrocardiogram. Although he was 
placed at bed rest with continuous electrocardiographic 
monitoring, there rapidly developed increasing numbers of 
multiform premature ventricular contractions, a fourth 
heart sound and a transient apical systolic murmur. A di- 
agnosis of sarcoidosis with myocardial involvement was 
presumed and treatment with prednisone, 60 mg daily, 
was started. Triple antituberculous chemotherapy (isonia- 
zid, para-amino salicylic ascorbate and streptomycin) was 
also given until multiple cultures were reported negative 
for acid fast bacilli and fungi. 

After 2 weeks of prednisone therapy, the patient’s liver 
function returned to normal and the chest roentgenogram 
showed dramatic improvement. The infarct pattern on the 
electrocardiogram remained stable except for multiform 
premature ventricular contractions. Several brief (3 to 4 
beats) episodes of ventricular tachycardia during the sec- 
ond week of hospitalization were easily suppressed by di- 
phenylhydantoin therapy. 

During the second month of hospitalization, in spite of 
normal hepatic and pulmonary indexes, there again devel- 
oped multiform premature ventricular contractions and 
multiple episodes of ventricular tachycardia which were 
no longer suppressed by diphenylhydantoin therapy. At- 
tempts to control this ectopic activity with maximal doses 
of other drugs (procainamide, lidocaine, propranolol, di- 
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Figure 1. Admission posteroanterior chest roentgenograrm 
showing marked bilateral fibronodular infiltrates with slight hilar 
adenopathy. 
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Figure 2. Electrocardiograms. A, on admission. B, repeat rec- 
ord. 
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Figure 3. Representative electrocardiographic monitoring 
strip, lead Il, showing ventricular tachycardia, rate 180/min. 





Figure 5. Single 35 mm frame from left ventricular cineangio- 
gram, 30° right anterior oblique projection. A large apical aneu- 
rysm with a distinct “neck” is present. 


TABLE | 
Hemodynamic Data Obtained at Cardiac Catheterization 


June 1969 Sept 1969 
Heart rate (beats/min) 60 62 
Cardiac output (liter/min) 5.262 5.424 
Cardiac index (liters/min per m2) 3.208 3.229 
Stroke volume (ml/beat) 87 87.4 
Stroke index (ml/beat per m?) 53 52 
Mean systolic ejection rate 193 175 

(ml/systolic sec per m?) 

RV pressure (mm Hg) 30/0-8 19/0-5 
PA pressure (mm Hg) 30/10 21/7 
PC pressure (mean) (mm Hg) 13 7 
LV pressure (mm Hg) 90/7-18 100/0-10 
LVmax dP/dt (mm Hg/sec) 1037 1787 
RVmax dP/dt (mm Hg/sec) 259 436 


During the first catheterization patient was receiving digoxin, 
0.25 mg/day; propranolol, 40 mg/day; potassium chloride 
80 mEq/day; and lidocaine as needed to suppress ventricular 
tachycardia. At the time of the second catheterization, the 
patient was receiving digoxin and propranolol in the same 
amounts and diphenylhydantoin, 300 mg/day. Mild elevation in 
the left ventricular end-diastolic pressure and a low rate of rise of 
the left ventricular pressure suggest impairment of left ventric- 
ular contractility at the time of the preoperative catheterization. 
Postoperatively all pressure and other hemodynamic measure- 
ments are normal, indicating improvement in left ventricular 
function. 

LV = left ventricular; max = maximal; PA = pulmonary ar- 
terial; PC = pulmonary capillary; RV = right ventricular. 





Figure 4. Repeat posteroanterior chest roentgenogram. The 
pulmonary infiltrates have cleared almost completely. The cardi- 
ac silhouette shows a distinct “left ventricular configuration” 
and suggests the presence of an apical aneurysm. 


goxin, potassium chloride) used singly and in combina- 
tions were also unsuccessful. Similarly, the ventricular ar- 
rhythmia showed no significant improvement when the 
dose of prednisone was increased to 100 mg daily. Al- 
though maintained at bed rest, the patient frequently had 
long runs of ventricular tachycardia (Fig. 3) which seemed 
related to such minimal exertion as turning in bed. The 
episodes of ventricular tachycardia were terminated 
promptiy with intravenous lidocaine, but recurred with 
increasing frequency despite the use of various antiar- 
rhythmic agents in maximal doses. 

Cardiac catheterization. In early June 1969, the pa- 
tient was noted to have a double apical impulse and in- 
creasing S-T segment elevation in the inferolateral elec- 
trocardiographic leads (Fig. 2B). Fluoroscopic and chest 
X-ray findings (Fig. 4) strongly suggested the possibility 
of a ventricular aneurysm, which was confirmed by cardi- 
ac catheterization and cineangiocardiography (Fig. 5). 
Coronary arteriography was not performed at this time 
because of the patient’s precarious condition and rhythm 
problems. The hemodynamic data (Table I) obtained at 
cardiac catheterization were consistent with mild left ven- 
tricular dysfunction. 

Aneurysmectomy: Because of the progressive and in- 
tractable episodes of ventricular tachycardia, aneurysmec- 
tomy was recommended. On June 16, 1969, a large thin- 
walled apical aneurysm—the size of a tennis ball—was re- 
sected, with the patient on cardiopulmonary bypass. The 
coronary vessels appeared grossly normal. A wedge biopsy 
of the right middle lobe of the lung was also obtained. 

Postoperatively there was an immediate and dramatic 
improvement in the patient’s ventricular arrhythmias 
(Fig. 6). The occasional multiform premature ventricular 
contractions which persisted after operation were easily 
suppressed by diphenylhydantoin, 300 mg daily, and 
propranolol, 10 mg every 6 hours. The patient remained 
free of ventricular tachycardia although he had resumed 
normal activity. 

Pathologic examination of the myocardial specimens 
obtained at operation revealed changes consistent with 
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sclerosing sarcoidosis with occasional noncaseating granu- 
lomas and extensive fibrosis in the aneurysmal tissue (Fig. 
7). The lung biopsy specimen contained multiple scat- 
tered noncaseating granulomas with giant cells containing 
occasional Schaumann bodies (Fig. 7B). 

A repeat cardiac catheterization was performed in Sep- 
tember 1969. The hemodynamics (Table I) were normal, 
indicating improved left ventricular function. Angiogra- 









































phy revealed an akinetic segment in the apical-lateral prEN 
portion of the left ventricle—presumably the site of surgi- He aa an a CERI Hp 
cal closure of the ventricle. At selective coronary arte- sonanu sa ew 





riography, all 3 vessels were of normal caliber and free of 
obstructive disease. The left coronary system was anatom- 


ically. domi d igh . . Figure 6. Postoperative electrocardiogram, lead Il, showing 
ically ominant and the right posterior descending artery regular sinus rhythm without ventricular premature contractions. 
small (Fig. 8, A and B). S-T and T wave abnormalities persist. 
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Figure 7. Microscopic sections. A, myocardium resected at time of operation showing noncaseating granuloma and fibrosis. B, lung 


biopsy specimen taken at the time of operation showing a noncaseating granuloma, with a giant cell containing a Schaumann body. 
Hematoxlyin and eosin X 250, reduced by 26 per cent. 





Figure 8. Single 35 mm frames from selective coronary cinearteriogram. A, right coronary arteriogram, 60° left anterior oblique pro- 
jection. The proximal right coronary artery is normal. B, left coronary arteriogram, 30° right anterior oblique projection. The anterior 
descending artery courses around the apex and supplies portion of the diaphragmatic surface of the left ventricle (anatomic variant). 
Both the anterior descending and the circumflex arteries and their major branches appear free of obstructive disease. 
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TABLE Il 
Ventricular Aneurysm in Sarcoid Heart Disease 








Age (yr) Heart Ventricular 
Case & Sex Race Failure Tachycardia 
12 38F Negro Yes PVC 
only 
210 28M Negro ` Yes No 
3* 22M Negro No Yes 


ECG Site Clinical Features 
RBBB, LV Sarcoid (for 6 yr); progressive 
ALMI, apex cardiomegaly; sudden 
no S-Tt death 
AMI, RV Sarcoid (for 2 yr); intractable 
$-T? heart failure; cardiac 
tamponade; death post- 
pericardectomy 
ALMI, LV Sarcoid (for 5 mo); refractory 
S-T? apex ventricular tachycardia; 


aneurysm resected 





* Present report. 


ALMI = anterolateral myocardial infarction pattern; AMI = anterior myocardial infarction pattern; LV = left ventricle; PVC = pre- 


mature ventricular contractions; RBBB = right bundle branch block; RV = 


Follow-up: After convalescence from operation, the 
dose of prednisone was gradually decreased to 12.5 mg on 
alternate days. However, at this dose progressively abnor- 
mal liver function again developed, and increased fibro- 
nodular changes were seen in the perihilar regions on chest 
roentgenogram. There were no new rhythm disturbances 
or. electrocardiographic changes. Once again the hepatic 
and pulmonary abnormalities rapidly disappeared with 
increase in the prednisone dose. 

The patient has been followed up now 15 months post- 
operatively and has experienced no recurrence of ventricu- 
lar arrhythmias. There has been no evidence of heart fail- 
ure. He has continued to receive diphenylhydantoin, 300 
mg daily, and propranolol, 40 mg daily. The dose of pred- 
nisone has been gradually tapered to 15 mg daily without 
recurrence of hepatic or pulmonary abnormalities. He is 
currently a full-time student in college. 


Discussion 


Our 22 year old patient was admitted for a minor 
surgical procedure and noted to have abnormalities 
oh X-ray examination which were subsequently 
proved to be due to sarcoidosis. Although his disease 
involved several organs, the major clinical problems 
stemmed from myocardial involvement. In spite of 
prednisone therapy, which rapidly reversed the pul- 
monary and hepatic abnormalities, there developed 
multiform premature ventricular contractions and 
paroxysms of ventricular tachycardia which eventu- 
ally became refractory to suppressive medication. A 
left ventricular aneurysm was clinically suspected 
and confirmed by angiocardiography. Resection of 
the aneurysm was followed by dramatic. disappear- 
ance of ventricular tachyarrhythmias, allowing this 
previously bedridden patient to resume normal ac- 
tivities. 

Ventricular aneurysm in sarcoid heart disease: 
The occurrence of ventricular aneurysm in sarcoid 
heart disease is quite rare. Only 2 documented. cases 
have been previously reported in the English lan- 
guage literature (Table II). Hines and Sancetta?? de- 
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left ventricle; S-Tt = S-T segment elevation. 


scribed the first case in 1963. Their patient’s aneu- 
rysm was discovered at autopsy after 2 years of in- 
tractable heart failure and sudden death. Clark and 
Blount!® described the second such patient, whose 
aneurysm was incidentally discovered during emer- 
gency thoracotomy for pericardial tamponade. There 
was no attempt at resection, and the patient died 2 
days later. Our patient is the first to our knowledge 
in whom a sarcoid aneurysm was clinically docu- 
mented and thereby successfully resected. . 
Of the 51 histologically documented cases of. myo- 
cardial sarcoidosis reported to date (our patient in- 
cluded), only 5 demonstrated an electrocardiograph- 
ic pattern of myocardial infarction.4:10:12:13 In 3 of 
these 5 cases ventricular aneurysms developed. This 
high incidence suggests that sarcoid lesions massive 
enough to cause electrocardiographic changes of 
myocardial infarction are very likely to produce an- 
eurysms. This may be due to defective scar forma- 
tion in this condition, or may reflect the fact that the 
cardiac lesion invariably develops .while these pa- 
tients are fully active. It is interesting to note that 
--in this case at least—the electrocardiographic 
pattern of an extensive myocardial infarction re- 
sulted from myocardial sarcoid infiltration and de- 
veloped in the face of normal coronary arteries. Any 
patient with an electrocardiographic pattern of myo- 
cardial infarction due to sarcoid heart disease should 
be carefully studied to rule out ventricular aneur- 
ysm-—particularly when progressive heart failure or 
ventricular tachyarrhythmias are also present. 
Ventricular aneurysm and refractory ventricu- 
lar tachycardia: The association between refracto- 
ry ventricular tachycardia and ventricular aneurysm 
was first popularized by Wasserman and Yules?4 in 
1953, although several cases linking these 2 phenom- 
ena were previously reported.15.16 In 1959, Couch?* 
reported the first successful resection of a post-in- 
farction ventricular aneurysm specifically performed 
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for control of refractory ventricular tachycardia. Rit- 


ter! and Hunt et al.29 each reported a similar case 


_ where previously intractable ventricular tachycardia 


was successfully suppressed only after resection of an 


associated ventricular aneurysm. Baue et al.,2° dis- 
cussing Rollet’s case, states that 2 of his patients 
had aneurysmectomy for uncontrolled ventricular 
tachycardia but does not mention the operative re- 
sults. 

-Our patient further demonstrates that a ventricu- 
lar aneurysm, regardless of origin, can cause refrac- 
tory ventricular tachycardia which may be controlled 
only by surgical resection. This arrhythmia should 
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raise the question of possible aneurysm formation. — 
The development of refractory ventricular tachycar- < 
dia should be considered an indication for aneurysm 
resection, even in the absence of progressive conges- 
tive heart failure or recurrent thromboembolism. 
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Persistent truncus arteriosus is not a common anomaly. Two percent 
of children with potentially correctable variants (types |, II and HI) 
have reduced rather than increased pulmonary blood flow. It is possi- 
ble to provide palliation for such infants with a systemic to pulmonary 
anastomosis, allowing them the chance for a second stage total cor- 
rection at a later age. Such a palliative procedure is described in a 
6 day old infant with cyanosis. 


Persistent truncus arteriosus is an uncommon congenital cardiac 
anomaly with a very poor prognosis. Recent advances in surgical tech- 
nique have made corrective surgery possible in some children who 
survive until the age of 3 or 4 years. Thus, palliative procedures de- 
signed to tide these children over until this age are of increasing inter- 


est. The following is a report of an unusual palliative operation in a — 
neonate with a persistent truncus arteriosus, reduced pulmonary 


blood flow and severe cyanosis. l 
Case Report — 


This infant was admitted to the Boston Floating Hospital at age 6 days, 
weighing 6 lb, 8 0z. She was obviously cyanotic but in no acute distress. 
Pertinent physical findings were a normal heart size and a pansystolic mur- 
mur over the entire precordium with an early diastolic component. Cardiac 
catheterization revealed a large ventricular septal defect, with equal pressures 
in both ventricles and a persistent truncus arteriosus, Angiocardiogram re- 
vealed the pulmonary arteries to be small and to arise by a very small and 
short channel from the posterior wall of the truncus. (type IL). Pulmonary 
blood flow was severely limited, and arterial PO2 was 23 mm Hg. There was a 
small patent ductus arteriosus. 

Shortly after cardiac catheterization the infant had a severe hypoxic spell, 
and it was elected to attempt an aortic-pulmonary anastomosis. Because of 
the infant’s small size—and in order to avoid occlusion of the ductus, which 
was the main avenue of pulmonary perfusion—an intrapericardial side to side 
anastomosis of the right pulmonary artery to the truncus was performed. Im- 
mediately on completion of the 2 to 3 mm anastomosis an excellent thrill was 
palpable, and the color of the arterial blood improved. Arterial PO2 had in- 
creased to 56 mm Hg by the time of discharge 10 days after surgery, a loud to 
and fro murmur was audible over the back and entire anterior area of the 
chest, and the infant was feeding well and gaining weight normally. 


Discussion 


Children with persistent truncus arteriosus usually have increased 
pulmonary blood flow and often present with heart failure early in life. 
In these infants palliation is possible by banding of the pulmonary 
trunk as it arises from the truncus (type I) or of the right and left 
pulmonary arteries separately (types II and II). 
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Two percent of patients with types I, II or HI 
_ truncus arteriosus have reduced pulmonary blood 
_ flow.1 In these patients augmentation of pulmonary 


a flow by way of a systemic arterial to pulmonary 


- arterial anastomosis is possible, although technically 


difficult. With the advent of newer techniques for the 


surgical correction of types Ito HI truncus arteriosus,? 
it becomes of increasing importance to provide pallia- 
tion for infants with these anomalies. Such palliation 
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was afforded in this infant by right pulmonary artery 
to truncus anastomosis in the hope that a second stage 
surgical correction might be undertaken at a later 
date. 
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A case of argyria secondary to chronic use of nose drops containing 
silver iodide is presented. The patient was initially referred to a car- 
diovascular surgeon for surgical correction of possible cyanotic heart 
disease. A brief review of the history and literature of argyria is pre- 
sented. Since the pigmentary changes of argyria cannot be reversed 
once they have occurred, a plea is made to eliminate the exogenous 
use of silver-containing medications and to reduce exposure to the 
sun in those patients already affected in order to reduce the degree of 
pigmentation. It behooves physicians to. become cognizant of the 
existence of argyria in the differential diagnosis of cyanosis of un- 
known origin. 


Argyria results from exposure to silver salts or colloidal silver and is 
characterized by a slate blue-gray discoloration of the skin. The con- 
dition may be localized or generalized depending on the type of èx- 
posure. A number of occupations have been associated with this 
clinical entity,!:2 and medications have frequently been cited as ex- 
ogenous sources of silver.™5 Argyria may mimic cyanosis.2-5-7 This 
paper (1) describes a case of argyria secondary to silver-containing 
nose drops which presented as cyanotic heart disease and (2) briefly 
reviews the history and literature of argyria. 


Case History 


A 69 year old Caucasian man was initially referred. to a cardiovascular 
surgeon because of possible cyanotic heart disease, He was subsequently seen 
for cardiac evaluation at the Indiana University Medical Center in February 
1971. His symptoms consisted of classic angina pectoris and dyspnea which 
had become incapacitating during the previous year. He had been using 
nasally administered oxygen at home and had also been taking nitroglycerin 
for relief of angine. He complained of dyspnea on exertion, associated with 
wheezing. He had been a heavy smoker of cigarettes for several years. 

Past medical history revealed that he was treated for pulmonary tubercu- 
losis in 1951. For the past 9 years he had been taking Neo-Silvol® nose drops 
about 6 times a day for sinusitis. This solution contained 20 percent silver 
iodide. 

Physical examination revealed a well developed, well nourished Caucasian 
man in no acute distress. He had a slate gray discoloration of his entire body, 
which was more pronounced on the face, mucous membranes and exposed 
portions of the upper limbs. Differential intensity of “cyanosis” was noted 
when comparing umexposed body surface areas (covered by clothing). to €x- 
posed areas, the latter having a dark slate gray hue. He was edentulous, and 
no dark line was noted on the gums. There was no noticeable blanching during 
compression of these metallic gray areas. Blood pressure was 130/70 mm Hg 
and pulse 86/min and regular. Besides the pronounced gray discoloration, 
pertinent physical findings included absence of jugular venous distension, 
slight decrease in breath sounds bilaterally and absence of rales, wheezes or - 
friction rubs. Cardiac examination revealed normal first and second heart 
sounds, a faintly audible atrial gallop sound and no murmurs. 
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The following laboratory tests were negative or normal: 
serologic test for syphilis, blood count, serum electrolytes, 
fasting blood sugar, serum glutamic oxaloacetic trans- 
aminase (SGOT), blood urea nitrogen (BUN), prothrombin 
time and urinalysis. Arterial blood gases determinations 
were made while the patient breathed room air with the 
following results: PO2 75 mm Hg, PCO» 38 mm Hg, pH 
7.48 and O2 saturation 98 percent. Chest X-ray films re- 
vealed a normal-sized heart and old, partially calcified 
lesions in the right upper lung field. No active pulmonary 
disease was seen. An electrocardiogram was normal. 

Specimens of skin from below the right ear were fixed in 
10 percent formalin for light microscopy and 4 percent glu- 
taraldehyde at 4 C for 3 hours for electron microscopic 
study. A portion of the glutaraldehyde-fixed specimen was 
post-fixed in Veronol-buffered osmic acid for an additional 
90 minutes at 4 C before it was embedded in Epon 312 pre- 
paratory to sectioning on an LKB Ultratome. Thin sections 
prepared from the glutaraldehyde-fixed and glutaralde- 
hyde-osmium-fixed tissues, both unstained as well as 
stained with uranyl acetate and lead citrate, were examined 
with a Siemens Elmiskop 1A electron microscope. 

Light microscopic studies of hematoxylin and eosin- 
stained sections revealed numerous brown-black granules 
concentrated at the region of basal lamina and around 
adnexal structures and vessels. The sections also showed 
prominent “senile elastosis” or basophilic degeneration of 
the collagen, and granules were strikingly concentrated in 
these areas (Fig. 1). Melanine-laden histiocytes were abun- 
dant in the upper dermis. 

Electron micrographs confirmed the presence of electron- 
dense granules within the cutis in the distribution noted 
by light microscopic examination. Granules were present 
intracellularly within histiocytes (Fig. 2). 

The absence of a murmur, blanching of the skin or 
clubbing and the presence of normal electrocardiographic, 
cardiac fluoroscopic and blood gas data suggested that the 
patient did not have congenital heart disease. Skin biopsy 
confirmed the presence of argyria. It was believed that the 
patient had coronary artery disease and argyria. Since 
there is no specific therapy for argyria, it was recommend- 
ed that he discontinue the use of silver-containing medi- 
cations and avoid exposure to the sun im an effort to de- 
crease further silver absorption and skin discoloration. 
Long-acting nitrates and propranolol were prescribed to 
treat his angina. 

Discussion 

Silver compounds have been used therapeutically 
since ancient times; however, the first specific refer- 
ence to argyria is that of Fourcroy® in 1791, who 
cited the case of a patient who was treated with oral 
silver nitrate for “obstruction of the liver.” After sev- 
eral months of this therapy, the patient’s skin be- 
came first gray and then black. Until about 1850, the 
number of cases of argyria increased; then, as the 
belief in the significance of therapeutic silver de- 
creased and the fear of its toxicity mcreased in the 
late nineteenth century, argyria became infrequent.® 
The collective symptoms of argyria were described 
by Potter? in 1892 and consisted of ‘“‘gastro-intestinal 
catarrh, tissue-wasting uremia, albuminuria, fatty de- 
generation of the liver, kidneys and heart, hemor- 
rhages, fluidity of the blood, a gray color along the 
gum margins, skin and mucous membranes, paralysis, 
loss of coordination, convulsions and death by paraly- 
sis of respiration.” 





Figure 1. Section of skin demonstrating affinity of silver gran- 
ules (arrows) for areas of basophilic degeneration of the colla- 
gen. (Hematoxylin and eosin X 400, slightly reduced.) 


Localized argyria results from silver nitrate!®11 
applied topically to the skin or from occupational ex- 
posure, whereas generalized argyria, as in our pa- 
tient, is caused by the absorption of silver com- 
pounds by mucous membranes or gut. Although the 
condition is clinically manifested by discoloration of 
the skin, silver may be deposited in the connective 
tissue of the kidney, liver and spleen as well.12 The 
pigmentation may become apparent after only a few 
months or after a period of 20 years. Gaul and 
Staud! reported 70 cases of argyria following the 
indiscriminate use of organic and colloidal silver 
compounds. The degree of discoloration is directly 
dependent on the duration and intensity of solar or 
artificial radiation and the quantity of silver present. 

The differential diagnosis of argyria requires dif- 
ferentiation from cyanosis,?:5-7 which our patient 
initially was thought to have. Cyanosis is found in 
congenital and acquired heart disease; however, a 
carefully taken history and a physical examination 
that fails to demonstrate a murmur, blanching of the 
skin or clubbing make the diagnosis of cyanotic heart 
disease unlikely. Normal electrocardiographic, car- 
diac fluoroscopic findings and arterial blood gas data 
further substantiate the absence of cyanotic heart 
disease. Levine and Smith,!* at a time when the 
therapeutic use of silver-containing compounds was 
more widespread, presented 5 cases of argyria which 
were confused with cyanotic heart disease. Other 
possible diagnoses that must be differentiated from 
argyria are hemochromatosis, Addison’s disease, poly- 
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cythemia, methemoglobinemia and pigmentation 
due to bismuth. There should be little confusion 
among these entities and only the last may be diffi- 
cult to differentiate since the others present with ei- 
ther signs, symptoms or laboratory data which are 
diagnostic. Spectroscopic examination will distin- 
guish between silver and bismuth in the skin.® 
Argyria is histologically characterized by the pres- 
ence of dark metallic silver particles within the co- 
rium, concentrated in the basal laminar areas of the 
sweat glands and other adnexa, the epidermal base- 
ment membrane and in elastin. Ultrastructurally, 
particles up to 3000 A in diameter are demonstrable 
in these areas as well as within histiocytic lyso- 
somes.12-15 The striking localization of silver in areas 
of senile elastosis has not previously been described 
but could be predicted, in view of the current con- 


Figure 2. Electron mi- 
crograph of the mid cutis 
in an area of basophilic 
degeneration of collagen 
(B). Silver granules (g) 
are present intracellularly 
within a histiocyte (N = 
nucleus, PM = plasma 
membrane) and extracel- 
lularly. Silver granules 
can be differentiated 
from mitochondria (m) 
* morphologically. (Uranyl 
acetate X 15,000.) 


cept of the identity of this elastotic material and 
elastin. 

The slate blue color observed clinically in patients 
with argyria is not entirely due, as one might sus- 
pect, to the silver, but largely to an increased deposi- 
tion of melanin. Silver has a melanocyte-stimulat- 
ing property.16 Although silver is present in equal 
amounts in both exposed and unexposed areas of the 
body, the slate blue color is more prominent in the 
light-exposed areas where melanin is present in in- 
creased amounts both in the epidermis and dermis. 
Thus, the slate blue color in argyria is in part analog- 
ous to the blue pigmentation of the Mongolian spot 
and blue nevus and simulates cyanosis. 
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Diagnostic and therapeutic techniques in the management of a 
young woman with hepatic and cardiac echinococcal cysts are dis- 
cussed. Complications of these rare cardiac lesions, 1 of which oc- 
curred in this patient, are reviewed. The efficacy of angiographic 
procedures in diagnosis and localization of the cysts is discussed, 
and a sequential approach in the radiologic study is suggested. 


Echinococcosis is common in many parts of the world, but cardiac 
involvement with this parasite is rare, occurring in only 0.5 to 2 per- 
cent of patients with echinococcal disease. In a series of over 2,000 
patients with systemic echinococcus in Greece, Kourias! reported no 
cardiac lesions. Cardiac echinococcosis, first described by Deve,? oc- 
curs in the sheep- and cattle-raising areas of Uruguay, Australia, 
New Zealand, Iceland and Greece.?:4 In the United States the 
antemortem diagnosis of echinococcal disease of the heart has been 
reported on only 4 previous occasions, and surgical treatment was 
described in only 1 of these.? We report a recent case of this disease 
with unusual presenting clinical manifestations. It is the first case in 
this country studied by coronary angiography. 


Case Report 


A 23 year old woman, who had emigrated from Greece 2 years before ad- 
mission, experienced a dull substernal chest pain in August 1970. The pain 
radiated to her back and was greatest in the supine position. It was aggra- 
vated slightly by deep breathing. The onset was abrupt and the duration 
was 1 week. As the pain began to abate, the onset of fever, chills, dyspnea, 
orthopnea and pedal edema prompted her to seek medical attention. 

There was no prior history of cardiorespiratory symptoms. She had been 
only vaguely aware of a slowly enlarging fullness in the epigastrium and 
could not accurately date its onset. She denied anorexia, nausea, vomiting 
or abdominal pain, and her weight had not changed. 

Before emigration to the United States, she had lived only in Thessaly, 
Greece, and she had remained in the United States except for a 1 month 
visit to her homeland in the summer of 1970. While living in Greece, she 
had been employed on a farm. There were no family pets. The family histo- 
ry was noncontributory. 

When first examined in August 1970 her blood pressure was 120/80 mm 
Hg, pulse 80/min and temperature 37 C. The neck veins were distended. 
Crepitant rales were heard at the lung bases, and a to-and-fro friction rub 
was heard at the cardiac apex. A firm, nontender, nonpulsatile mass ex- 
tended from the xiphoid to the umbilicus. The right lobe of the liver was pal- 
pable and slightly tender. There was pitting pretibial edema. 

A chest roentgenogram showed cardiomegaly, pulmonary vascular conges- 
tion and bilateral pleural effusions. Nonspecific ST-T wave abnormalities 
were present on the electrocardiogram. 

She was treated with digitalis and diuretic agents and responded with 
complete clearing of all signs of heart failure. The pericardial rub disap- 
peared. Studies to evaluate the abdominal mass included upper gastroin- 
testinal X-ray series, celiac angiography (Fig. 1) and a liver scan. The find- 
ings were compatible with a large avascular mass in the left lobe of the 
liver. 
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Figure 1. Selective visceral arteriogram, posteroanterior view. 
There is a large avascular mass in the mid-abdomen, displacing 
the right kidney (RK) inferiorly. The spleen is markedly enlarged 
with the lower tip (arrow) at the level of D5. The stomach air 
bubble is seen in the left upper corner; the stomach is displaced 
to the left. 


When first seen at the University of Oregon Medical 
School Hospital in November 1970, she felt entirely well 
and had no symptoms of congestive heart failure. The 
physical examination was normal except for the abdomi- 
nal mass. With clearing of the pulmonary congestion and 
diminution of heart size, a “tumor” could now be seen ra- 
diographically near the apex of the heart (Fig. 2, a and b). 
Further delineation of the mass was achieved with the left 
heart phase of the pulmonary arteriogram, retrograde left 
ventricular angiography (Fig. 3) and coronary angiography 
(Fig. 4). These showed an avascular tumor located on the 
posterolateral surface of the left ventricle. It appeared to 
be subepicardial in location and displaced the left coro- 
nary artery system. The electrocardiographic findings 
were compatible with lateral myocardial ischemia with T 
wave inversion in leads I, aVL, V5 and Ve (Fig. 5). 

Indirect hemagglutination for echinococcus was positive 
at 1:160 (diagnostic titer 1:6) and Bentonite flocculation 
test for echinococcus was 1:4096 (diagnostic titer 1:5). 
The hemagglutination titer for amebiasis was negative. 


Surgical Procedures and Findings 


Hepatic cyst: Because of the size and tenseness of the 
hepatic cyst, it was elected to proceed with its removal 
before dealing with the intrathoracic cyst. On December 
4, 1970 exploratory laparotomy revealed a cyst 25 cm in 
diameter occupying most of the left lobe of the liver and 
displacing the right lobe posteriorly and laterally. The 
cyst was found to extend upward to but not through the 
diaphragm. 

After careful isolation of the wound and abdominal con- 
tents, the exposed anterior surface of the cyst was painted 
with tincture of iodine. The contents of the cyst were as- 
pirated through a 16 G needle; about 1,000 cc of opales- 
cent fluid with slight debris was aspirated. With use of 
the same needle the cyst was refilled twice with 800 cc of 
95 percent alcohol, which was allowed to remain in situ 
for 10 minutes each time. The cyst was opened, the endo- 
cyst removed and the inner surface of the remaining cyst 
painted with tincture of iodine. The redundant outer cyst 
wall and hepatic capsule were then removed. There was 


no evidence of bile leakage into the cyst or from the hepa- 
tic surface after removal of the cyst. The patient’s post- 
operative course was uneventful, and she was discharged on 
the thirteenth postoperative day. 

Pericardial cyst: The patient was readmitted 11 
weeks later for elective thoracotomy, having remained 
asymptomatic in the interim. On March’ 11, 1971 a left 
anterior thoracotomy through the left fifth intercostal 
space was performed with the cardiopulmonary bypass 
unit in standby readiness. The cyst, 8 cm in diameter, 
was seen to lie within the pericardium mostly posterior to 
the left phrenic nerve. The cyst was packed off, painted 
with iodine, aspirated and refilled 3 times with 95 percent 
alcohol. It contained 100 cc of opalescent fluid similar to 
that obtained from the hepatic cyst. The pericardium and 
external wall of the cyst were incised, and the inner cyst 
was extruded with ease (Fig. 6). The remaining cyst was 
then unroofed by removing the portion of the cyst wall 
and pericardium anterior and posterior to the phrenic 
nerve. No attempt was made to remove the outer wall of 
the cyst from the epicardial surface, to which it was firm- 
ly adherent. 

Myocardial cyst: One small pocket measuring 8 mm 
in diameter was found to extend 8 mm into the myocar- 
dium of the posterolateral wall of the left ventricle. The 
endocyst was easily removed from this pocket, which was 
then loosely packed for several minutes with a cotton 
pledget soaked in tincture of iodine. It was thought that 
this may have represented the primary myocardial cyst 
which subsequently had ruptured into the pericardial 





Figure 2. Radiograms of the chest. A, posteroanterior view. 
There is a localized bulge on the outline of the left ventricle. 
The differential diagnosis is between a tumor (solid or cystic) 
and a ventricular aneurysm. B, left lateral view. The mass is at- 
tached to the posterior aspect of the left ventricle. 
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Figure 3. Left ventricular angiography in the right anterior 
oblique position. A filling defect in the inferior part of the left 
ventricle is seen. The endocardial surface in that area appears 
rough and relatively undistorted, indicating a more epicardial- 
pericardial location of the cyst. 



















































































































































































Figure 5. 


Electrocardiogram taken preoperatively. Note the in- 
verted T waves in leads |, II, III, aVF, Vs and Ve. 


space in August 1970 to produce the presenting symp- 
toms. The remainder of the pericardial space was obliter- 
ated by adhesions compatible with an earlier pericarditis. 
The pericardium covering both ventricles anteriorly was 
then excised and the chest closed. 

There were no cardiac arrhythmias during or after the 
procedure, and the patient was discharged on the seventh 
postoperative day. 


Discussion 


The echinococcus granulosus is a helminth whose 
definitive host is the dog. The dog is infested by in- 
gesting cyst-laden organs of the intermediate host, 
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Figure 4. Selective left coronary arteriogram in right anterior 
oblique position. The vessels appear smooth and normal. How- 
ever, the obtuse marginal branch (OM) is displaced anterolater- 
ally, and the circumflex artery (LCA) and its branches appear to 
be displaced posteriorly. 





Figure 6. Echinococcal endocyst removed from the postero- 
lateral surface of the left ventricle at operation. 


usually sheep. Man may accidentally serve as inter- 
mediate host. From the intestine the hexacanth em- 
bryos enter the portal circulation where 70 percent 
are trapped in the liver. Fifteen percent pass to the 
lungs by both hematogenous and lymphatic spread. 
After passing the pulmonary filters, a small percent- 
age enter the systemic circulation where they may 
invade the myocardium from the coronary arteries. 
Most echinococcal cysts have been reported in the 
left ventricle, perhaps because of the rich vascular 
supply.?-5.6 Other investigators’ have proposed that 
the hexacanth embryo is larger than the hepatic or 
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pulmonary capillaries and thus must reach the heart 
by way of lymphatic vessels. 

Having reached the myocardium or pericardium, 
the hexacanth embryo grows slowly into a unilateral 
hydatid vesicle with an outer elastic membrane and 
an inner germinative layer. From this inner layer, 
“brood capsules” develop, and each of these prolig- 
erous capsules may develop into a scolex, or head. 
These brood capsules separate from the germinative 
layer and produce a fine sand-like precipitate in the 
hydatid fluid. Because of toxic, mechanical and al- 
lergic phenomena, inflammatory reaction occurs in 
the tissue contiguous to the outer elastic membrane. 
As the cyst grows it exerts pressure on the myocar- 
dium and may produce symptoms. The cyst may 
range from the size of a pea to the size of a grape- 
fruit. 

Cardiac manifestations: The small cardiac 
echinococcal cyst may produce no symptoms.? How- 
ever, as the cyst enlarges complications may develop. 
Myocardial compression may lead to ischemia and 
even angina pectoris. In our case and others,8-1° 
nonspecific ST-T wave abnormalities on the electro- 
cardiogram correlated well with the location of the 
cyst.® If the cyst is located in the ventricular septum, 
right bundle branch block or atrioventricular block 
may be present.1! Cardiac arrhythmias or ectopic 
beats may originate from an irritable focus associ- 
` ated with the cyst. Depending on the location of the 
cyst, cardiac echinococcosis can cause papillary mus- 
cle dysfunction, congestive heart failure or ventricu- 

lar outflow obstruction. 

The episode of chest pain and dyspnea experienced 
by our patient in August 1970 was probably due to 
acute echinococcal pericarditis associated with leak- 
age or rupture of the cyst. Chronic fibrinous pericar- 
ditis was found at operation, and DiBello et al." 
have described similar findings. At the time of oper- 
ation Binet and Marchese® found an old and a young 

` cyst and proposed that the latter may have been sec- 
ondary to pericardial rupture of the larger cyst. 

The greatest danger to the patient is rupture of 
the cyst.12.13 Rupture into the pericardium can 
cause acute pericarditis, which may be fatal if tam- 
ponade occurs or may progress to chronic constric- 
tive pericarditis.11-14 The most dramatic complica- 
tion is intracardiac rupture which produces anaphy- 
lactic shock from sensitization by the hydatid pro- 
tein. Pulmonary or systemic embolization may also 
occur,5-6.15.16 with emboli large enough to occlude 
major vessels. 

Diagnosis: The Casoni skin test is inadequately 
standardized and may show false positive results in 
Taenia saginata infestation. False negative results 
of skin tests have also been reported,*-? and there- 
fore skin testing is both nonspecific and is not readi- 
ly available. 

Serologic testing is more reliable and specific. The 
hemagglutination antibody is 100 percent specific. 


This test is 80 percent positive in the presence of 
documented hepatic cysts and 50 percent positive . 
with lung cysts. The complement fixation test is a 
reliable confirmatory test. Both are available 
through the Communicable Disease Center in At- 
lanta, Georgia. Rare false positives may occur with 
.carcinoma.}7 

The chest roentgenogram is the simplest and 
quickest screening test. If a young person from an 
endemic area with ischemic ST-T abnormalities on 
the electrocardiogram has a cardiac mass, echinococ- 
cal disease must be suspected. The differential diag- 
nosis includes differentiation from pericardial cyst, 
cardiac neoplasm or mediastinal tumor. Echinococ- 
-cal cyst of the heart has initially been reported as a. 
left ventricular aneurysm but later corrected after 
postmortem examination.18 Because of the risk of 
cyst rupture, left ventricular angiography should be 
performed with great care. Three angiographic. pro- 
cedures were performed in this patient beginning 
with pulmonary arteriography with outlining of the 
left heart during the levocardiographic phase. This is 
the least traumatic procedure and should be per- 
formed first. Coronary arteriography, which can out- 
line the cyst’s location by revealing displacement of 
different parts of the coronary tree, was performed 
second. With this information available, left ven- 
triculography was then performed to localize the cyst 
precisely and to determine the thickness of myocar- 
dium underlying the cyst. 


Surgical Treatment 


Since there is no effective medical therapy for 
echinococcus, surgical removal of the lesion is indi- 
cated to relieve symptoms produced by pressure 
from the space-occupying mass or to prevent rupture 
of the cyst. If echinococeal disease of the myocar- 
dium is suspected from electrocardiographic changes 
or contrast studies, surgical excision should be 
undertaken with appropriate preparation to place 
the patient on cardiopulmonary bypass should it be 
necessary to enter the ventricular cavity or should 
rupture of the myocardium occur. 

Left ventriculography and coronary angiography 
proved quite helpful in planning the surgical ap- 
proach in this case. Since left ventriculography did 
not indicate extension of the cyst into the ventricular 
cavity, it was thought that aspiration of the cyst 
contents and injection of a dessicating agent (95 per- 
cent alcohol) could be safely accomplished before 
opening of the cyst. Absolute alcohol or 33 percent 
sodium chloride is probably safer than formalin for 
use in myocardial echinococcal disease in the event 
that some of the dessicating agent should escape into 
the systemic circulation. 

After preliminary aspiration and dessication of the 
contents of the endocyst, the endocyst can usually be 
removed intact quite easily from the surrounding ec- 
tocyst. That portion of the cyst covered by pericar- 
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. diun can be unroofed, but no attempt need be made 
-to remove the ectocyst from the myocardium and 
epicardium to which it is usually densely adherent. 

Should the cyst protrude into the ventricular cavity 
_ or the myocardium be excessively thinned ur entered 
_ during the dissection, the patient should be placed 
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on cardiopulmonary bypass and the defect in the 


ventricular wall repaired. 
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This report summarizes our experience with the oral potassium-load- 
ing test in a group of patients who presented with abnormal T wave 
inversion on reutine resting electrocardiograms. The test empirically 
normalizes mest T wave abnormalities that are unassociated with 
clinically demonstrable heart disease, particularly the T wave 
changes induced by brief hyperventilation or by anxiety reactions. 
The response to the test procedure is dosage-dependent and is not 
related to a nonspecific osmolar load. 

It is recommended that the oral potassium-loading test not be uti- 
lized as a clinical testing procedure. Although the results frequently 
clarify the significance of T wave abnormalities. in. asymptomatic pa- 
tients, false positives and false negatives will occur. At best, aware- 
ness of this study will recall to the clinicians mind that anxiety, hy- 
perventilation and standing may result in T wave abnormalities en- 
tirely similar to those of an acute myocardial ischemic episode, peri- 
carditis or myocarditis. 


As stressed in an earlier publication,* the oral ingestion of 10 g of po- 
tassium salts appears to differentiate the inverted T waves accompa- 
nying anxiety and hyperventilation from those due to myocardial 
ischemia and infarction. In an attempt to assess further the clinical 
usefulness, limitations and contraindications of the oral potassium- 
loading test, electrocardiographic data were collected from 41 pa- 
tients who presented with abnormal T waves on routine electrocar- 
diographic examinations. Comparisons were also made of the oral and 
intravenous routes of potassium administration, the administration 
of equal milliequivalent doses of potassium and sodium salts, and 
the administration of 5 and 10 g doses of oral potassium salts in the 
same subject. 


Material and Methods 


All patients selected for study were seen at the Veterans Administration 
Hospital and the University Hospitals, Madison, Wisconsin between No- 
vember 1962 and January 1971. Of the 41 patients, 37 had abnormal routine 
electrocardiograms taken during the course of their hospitalization, whereas 
in 4 abnormality had been. noted at the time of pre-enlistment examina- 
tions. All but 1 of the 41 patients were male; the age range was 20 to 51 
years (mean 38 years). The group included 39 Caucasians and 2 Negroes. _ 

Although a variety of clinical diagnoses were eventually established,. no 
patient was initially thought to have heart disease. Ten patients exhibited 
signs and symptoms of the hyperventilation syndrome, and 3 patients had 
neuropsychiatric disorders. On retrospective: questioning, 2 patients com- 
plained of chest pain requiring at least consideration of coronary artery dis- 
ease. 

Control standard 12 lead scalar electrocardiograms were recorded in all 
patients. All initial resting electrocardicgrams revealed either flattened or 
inverted T waves in 2 or more leads reflecting left ventricular activation 
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STANDING POSITION POST POTASSIUM 


Figure 1. T wave flattening in the electrocardiogram of a 22 
year old man without clinical evidence of heart disease which 
progressed to T wave inversion after brief voluntary hyperventi- 
lation and standing. The resting and post-hyperventilation T 
wave abnormalities were blocked by the oral administration of 
potassium salts, but the T wave inversion associated with stand- 
ing persisted. 


(leads II and III, aVF or V4 to Vg). These leads were also 
recorded before, during and after 15 to 20 seconds of vig- 
orous voluntary hyperventilation (an average of 25 respira- 
tory cycles) in 28 patients who demonstrated lability of T 
wave inscription on serial electrocardiograms. All patients 
were given an oral dose of 5 g of potassium bicarbonate 
and 5 g of potassium citrate in 30 cc of water 1% hours 
after the noon meal. Serial electrocardiograms were re- 
corded 30, 60 and 90 minutes thereafter. The hyperventi- 
lation procedure was repeated after the 60 and 90 minute 
postpotassium electrocardiograms in 19 patients. 

Symmetrical T wave inversion, entirely similar to that 
accompanying hyperventilation and anxiety as well as 
transmural myocardial ischemia, may occur in normal 
adults upon assuming the standing position. Therefore 2 
subjects who exhibited this phenomenon were given the 
oral potassium dose to determine its possible ameliorating 
effect. 

Twelve of the 41 patients were also subjected to an ex- 
ercise tolerance test (3 to 5 minutes of vigorous running in 


place) with postexercise electrocardiograms at 1 minute 


intervals for the subsequent 6 minute period. 

Potassium chloride, 40 mEq diluted in 250 cc of normal 
saline solution, was administered intravenously to 4 pa- 
tients in an attempt to titrate the potassium load neces- 
sary to abolish the T wave abnormalities. Milliequivalent 


dose of oral sodium salt equal to that of the potassium 
dose (96 mEq) was administered to 6 patients to evaluate 
the relative specificity of the potassium load in abolishing 
the observed T wave abnormalities. 


Results 


Normalization of T waves after potassium: 
Thirty-five of the 41 patients exhibited normal rest- 
ing electrocardiograms 60 to 90 minutes after potas- 
sium ingestion. The exaggeration of T wave inversion 
resulting from brief hyperventilation was “blocked” 
during the potassium study in 16 of 19 patients and 
“partially blocked”? on 1 additional patient. On the 
basis of clinical evaluation, including history, physi- 
cal examination and chest roentgenogram, none of 
these 35 patients whose electrocardiograms became 
normal after potassium ingestion was considered to 
have ischemic heart disease, primary myocardial dis- 
ease or pericardial disease. None of the 12 patients 
who underwent exercise tolerance testing exhibited 
S-T segment depression indicative of induced suben- 
docardial ischemia although 2 patients exhibited T 
wave inversion identical to that produced by brief 
hyperventilation and standing. Representative ex- 
amples of these 35 patients are included in Figures 1 
to 6. 


A composite study showing T wave inversion associated 
with both hyperventilation and standing is shown in Fig- 
ure 1. The patient was a 22 year-old man without cardiac 
symptoms who was admitted for evaluation of mild, inter- 
mittent diarrhea. His routine electrocardiogram disclosed 
T wave flattening in leads II, III and aVF. Hyperventila- 
tion resulted in T wave inversion in II, III and AVF, and 
flattening in Vg. Immediately upon standing, and not as- 
sociated with hyperventilation, more marked T wave in- 
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HYPERVENTILATION POST POTASSIUM 


Figure 2. T wave flattening in the electrocardiogram of a 37 
year-old man without cardiac symptoms which progressed to T 
wave inversion after brief hyperventilation. The resting T waves 
became normal, and the T wave inversion associated with hy- 
perventilation was blocked after the oral administration of po- 
tassium salts. 
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version was noted in leads II, II and aVF with additional 
shallow T wave inversion in Vs and Ve. The electrocardio- 
gram taken 90 minutes after the ingestion of potassium 
reveals normal T waves and total “blockade” of the hy- 
perventilation-induced T wave inversion. However, the T 
wave inversion attendant on standing was not affected by 
the administration of potassium. 

The ameliorating effect of oral potassium on T wave 
flattening in leads II, I, aVF, Vs and Vg is shown in Fig- 
ure 2. T wave inversion was readily induced in leads II, 


I, aVF, and Ve after brief hyperventilation, and total 


“blockade” of this phenomenon was observed during the 
peak effect of the oral potassium load. The patient was a 
37 year-old man who was admitted to the hospital because 
of abdominal discomfort which, after gastrointestinal 
evaluation, was attributed to aerophagia. 

The control electrocardiogram of Figure 3 was obtained 
in a 22 year old pilot as part of a routine flight physical 





Figure 3. T wave inversion asso- 
ciated with a normal S-T segment 
elevation variant in a normal 22 
year old Air Force officer. The 
electrocardiogram after the oral 
administration of potassium salts 
reveals normal T waves and a 
classic normal S-T segment vari- 
ant. 
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POST EXERCISE 
Figure 4. A, T wave inversion associated with hyperventilation 
and standing on the electrocardiogram of a 45 year-old man. T 
wave configuration on the resting electrocardiogram became 
normal, and the T wave inversion associated with hyperventila- 
tion was blocked after the oral administration of potassium 
salts. B, T wave inversion in the 4 minute and 6 minute postex- 
ercise tracings is similar to that observed with hyperventilation 
and standing. Selective right and left coronary arteriagrams re- 
vealed normal coronary arteries. 


examination. Elevated S-T segments are noted in leads 
Vz to Vs, associated with T wave inversion in leads V2 to 
Ve and diphasic T waves in leads II, HI and aVF. The 
electrocardiogram taken 90 minutes after an oral dose of 
potassium salt reveals normal T waves and a classic nor- 
mal S-T segment variant. 

The patient in Figure 4, aged 45 years, is of particular 
interest since similar T wave inversion associated with 
both hyperventilation and standing (Fig. 4A) was noted in 
the 4 and 6 minute postexercise electrocardiograms (Fig. 
4B). Without knowledge of the T wave changes produced 
by hyperventilation and standing, an erroneous diagnosis 
of exercise-induced myocardial ischemia might have been 
made. The patient was admitted to the hospital for evalu- 
ation of a chronic anxiety reaction and Parkinsonian-like 
muscle rigidity secondary to phenothiazine ingestion. Oral 
potassium administration resulted in normal T waves 
with total “blockade” of the hyperventilation-induced T 
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Figure 5. Widespread T wave inversion in 
the electrocardiogram of this 33 year old 
man. was unaffected by the oral administra- 
tion of potassium salts. 
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Figure 6. Shallow inferolateral wall T wave inversion in the 
electrocardiogram of a 50 year-old man who exhibited no symp- 
toms or signs of cardiac disease. The T waves were unaffected 
by the oral administration of sodium salts but became normal 
after the oral administration of potassium salts. 


wave inversion in leads V4 and Vs. Selective right and left 
coronary arteriograms revealed normal coronary arteries. 

Abnormal T wave after potassium-loading test: 
Six of the 41 patients did not exhibit normal resting 
electrocardiograms after potassium ingestion. Two of 
the 6 patients were extremely tense and anxious dur- 
ing the testing procedure. At no time during the 
study period did their pulse rate fall below 125 
beats/min, and the tachycardia, with associated T-a 
wave inscription, contributed in part to the S-T seg- 
ment and T wave changes. 

The other 4 patients exhibited T wave inversion for 
which no satisfactory explanation could be given. One of 
these 4 patients had focal T wave inversion in leads V3 
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45’ POST LV. SODIUM 
Figure 7. Shallow T wave inversion in the electrocardiogram 
of a 38 year old man who exhibited signs and symptoms of a 
chronic anxiety reaction. The T waves became normal after the 
intravenous administration of 40 mEq of potassiurn chloride but 
were unaffected by an equal dose of sodium chloride. 





and V4 which became less pronounced when he assumed 
the standing position. Alcoholic cardiomyopathy could not 
be completely excluded in a second patient. Generalized 
precordial T wave inversion is noted on the electrocardio- 
gram (Fig. 5) of the third patient, aged 33 years, detected 
at the time of a reenlistment examination. The patient 
denied having cardiovascular symptoms and could best be 
described physically as “superhuman.” The T wave 
abnormality persisted during the potassium-loading test 
except for isolated improvement of the T wave amplitude 
in lead Ve. Selective right and left coronary arteriograms 
revealed normal large caliber vessels throughout. A follow- 


-up electrocardiogram in December 1970 again showed 


similar T wave inversion in leads V2 to V5. Clinically, he 
continued to show no evidence of heart disease. 
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18” POST LV. POTASSIUM 

Figure 8. T wave inversion associated with a norma! S-T seg- 
ment elevation variant in the electrocardiogram of a healthy 41 
year old Negro man. The changes simulate subacute pericardi- 
tis or an anterolateral wall ischemic episode. The T waves be- 
came upright, and the S-T segment elevation variant more ob- 
vious 18 minutes after the intravenous administration of 22 mEq 
of potassium chloride. 


The fourth patient, aged 45 years, was also very physi- 
cally active. Diphasic T wave in leads II, III, aVF and Ve 
and inverted T waves in leads V2 to Vs had been present 
on 5 routine annual electrocardiograms including the 
present study. He, too, exhibited no subjective or objec- 
tive evidence of heart disease. Of possible significance was 
the presence of Freidrich’s ataxia in a younger sibling.? 
The administration of potassium did not result in normal- 
ization of the T waves. 

Comparison of potassium and sodium loading: Fig- 
ure 6 shows a representative electrocardiogram of 1 of the 
3 patients who received equivalent oral doses of potassium 
and sodium salts. The patient, aged 50 years, exhibited no 
symptoms or signs of cardiac disease. Brief hyperventila- 
tion resulted in exaggeration of the T wave changes noted 

` in leads II, IH aVF, Vs and Vg. The T waves promptly be- 
came normal after the administration of potassium, but 
were unaffected by the administration of sodium. 

A similar comparison of the effects of the intravenous 
administration of potassium and sodium salts is shown in 
Figure 7. The patient was a 38 year-old man who exhib- 
ited symptoms and signs of a chronic anxiety reaction. 
Brief hyperventilation resulted in T wave inversion simi- 
lar to that of the initial electrocardiogram of November 
30, 1962. The electrocardiogram taken 45 minutes after 
the intravenous administration of 32 mEq of potassium 
chloride reveals notmal T waves. Repeat study after intra- 
venous administration of 32 mEq of sodium chloride re- 
vealed no improvement in T wave configuration. 

The control electrocardiogram of Figure 8, that of a 41 
year old Negro man, reveals elevated J junctions and T 
wave inversion in leads V4 to Vg simulating subacute peri- 
carditis or an anterolateral wall ischemic episode. The pa- 
tient had no symptoms or signs of cardiac disease. The 
electrocardiogram taken 18 minutes after the intravenous 


administration of 22 mEq of potassium chloride shows up-- 


right T waves with a normal S~T segment variant. 


Untoward reactions: No untoward reactions of 
potassium administration were observed in our re- 
cent experience. As previously reported,! however, 
isolated episodes of a ventricular tachycardia and a 
cardiac arrest were observed in 2 patients, 1 who 


presented with an acute myocardial ischemic episode 
and 1 who showed acute subendocardial ischemia 
during an exercise tolerance test performed 60 min- 
utes after he had received the oral potassium dose. 
We have since discontinued exercise electrocardiog- 
raphy from the protocol following the administra- 
tion of potassium, since the combination of the po- 
tassium administration and myocardial ischemia ap- 
peared to be the cause of the ominous arrhythmias. 


Discussion 


The interpretation of an electrocardiogram is a 
“two-edged sword,” in that a normal resting electro- 
cardiogram by no means excludes severely obstruc- 
tive coronary artery disease, and a frankly abnormal 
electrocardiogram, characterized by generalized T 
wave inversion, may occur in patients with a normal 
heart. 

The role of the electrocardiogram must be that of 
a supportive laboratory test, and its result correlated 
with other objective clinical data. Unfortunately, 
this is not consistently done. Too often a patient who 
presents with a combination of pain in the anterior 
chest wall and T wave abnormalities is immediately 
“tagged”? with the unwarranted clinical impression 
of myocardial ischemia or infarction, a diagnosis that 
carries with it physical and economic restrictions 
and on occasion, irreversible psychic trauma. 

T wave changes induced by hyperventilation, - 
anxiety and standing: The frequency and scope of 
the T wave abnormalities induced by anxiety and 
hyperventilation are not generally appreciated. It 
was previously established that these changes occur 
in approximately 10 percent of a normal adult popu- 
lation and may occur at either rest or during exer- 
cise.3 Hyperventilation-induced T wave inversion is 
not limited to the adult population. T wave inver- 
sion in one or more precordial leads was observed 
after brief hyperventilation in 15 percent of children 
and adolescents between the ages of 8 and 17 years.4 
The similarity of this T wave inversion to that of a 
myocardial ischemic episode is such that the differ- 
entiation cannot be made by electrocardiographic 
analysis alone, 

Since hyperventilation accompanies all electrocar- 
diographic stress testing, those subjects who exhibit 
T wave inversion with hyperventilation may well ex- 
hibit T wave inversion associated with exercise (Fig. 
4B). It is thus advisable to determine the effect of 
brief hyperventilation upon the resting electrocardio- 
gram before electrocardiographic stress testing is 
undertaken. The fact that S-T segment and T wave 
changes occur after brief hyperventilation in no way 
discounts the possibility that a patient may have ad- 
vanced obstructive coronary artery disease. 

Hyperventilation is more likely to invert a T wave 
if there is an associated normal S-T segment eleva- 
tion variant. This S~T segment elevation, associ- 
ated with T wave inversion, adds to the interpretive 
diagnostic dilemma. The S-T segment elevation of a 
normal variant is not always obvious when T wave 
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_ inversion is present. After administration of the oral 
potassium dose, the presence of the normal variant is 
frequently more readily identified. 

As demonstrated earlier, T wave inversion may 
also be seen with assumption of the upright position, 

-a phenomenon even less well understood than the T 
wave changes that occur with anxiety and hyperven- 
tilation. These 3 contributors to T wave inversion 
(anxiety, hyperventilation and standing) constitute 3 
major sources of error in the interpretation of elec- 
trocardiographic T wave abnormalities. 

Effects of potassium: The normalizing effect of 
potassium upon the T wave abnormalities associated 
with anxiety and hyperventilation is dose-related. 
We and others have found that an oral dose of great- 
er than 5 g of potassium salt is necessary to predict- 
ably abolish these changes.® 11 
-The 10 g oral potassium dose is reasonably well 
tolerated. Sinus arrest and ventricular asystole were 

seen after this dose in an 83 year old man who had 
severe coronary artery disease and had previously 
survived episodes of shock, ventricular tachycardia 

and congestive heart failure.? One patient died as a 
result of intractable ventricular fibrillation after the 
oral administration of 15 g of potassium chloride. 

Symptoms of paresthesias, gastrointestinal upset and 
muscular weakness have also been reported.6 We 
have observed no serious cardiac arrhythmias after 

potassium administration in the dose described since 
those reported in our initial publication.! 

The fact that the T wave abnormalities associated 
with anxiety and hyperventilation disappear after 


the administration of potassium salts and not with 
an equal milliequivalent dose of sodium salt suggests 
that the return to T wave normality is in direct re- 
sponse to the potassium ion and not to a nonspecific | 
osmolar load. 

The mechanism of the anxiety and hyperventila-: 
tion induced T wave inversion and the ameliorating 
effect of the administration of potassium remain un-. 
known. 

Clinical implications: The oral potassium-load- 
ing test can, at best, be considered an empirical di- 
agnostic tool which has proved helpful in the analy- 
sis of unexplained T wave abnormalities. It should 
not be used as a clinical testing procedure, and it in 
no way eliminates the need: for a detailed medical 
history, sound clinical judgement, a well performed 
exercise electrocardiogram and coronary arteriogra- 
phy. The test does warrant continued investigation, 
and the knowledge that the test exists should remind 
physicians that T wave changes secondary to anxi- 
ety, hyperventilation and standing are a reality and 
may mimic the electrocardiographic findings of acute 
myocardial ischemia, pericarditis and myocarditis. 
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Evaluation of Internal Mammary Artery Implantation 


“GEORGE E. GREEN, MD 
HARVEY G. KEMP, MD 


~ New York, New York 


Internal mammary artery implantation to augment 
myocardial perfusion was first reported by Vineberg?! 

in 1946. During the ensuing years extensive laborato- 
ty investigation established 5 fundamental aspects: 

1. Regardless of the presence or absence of re- 
-gional ischemia, systemic arteries implanted into the 

| myocardium remain patent 70 to 90 percent of the 
time.” 

2. There is no net forward flow for many weeks 

after implantation. 

3. Maintenance of patency in implants is related 
~ to continuous motion of blood, forward motion im- 
parted by the systemic circulation and retrograde 

` < motion imparted by the contraction of myocardium.? 

4. Patency is not dependent upon development of 

collateral circulation.? 

cooo. The capillary stroma of the granulation tissue 
‘o derived from arterial implant and myocardial tunnel 


matures into arterioles that link the implanted ar- 


“tery to the regional coronary circulation if growth of 
collateral vessels is favored by undefined factors, and 
if regional intracoronary pressure is at a critically 
low level.3 

An essential feature in selecting regions of myocar- 
dium in which arteriolar communication from im- 
plants will develop is recognition of 90 percent steno- 
gis of the regional coronary artery. Measurement of 
pressure gradients across stenoses in many patients 
undergoing coronary bypass surgery has indicated 
that angiographic differentiation between 90 percent 
and 80 percent stenosis can be problematical, but 
that pressure gradients across such stenoses are dra- 
matically different. It is probable that implantation 
into areas with less than 90 percent stenosis account- 
ed for many of the 20 mammary arteries opacified by 
Langston et al.5 that did not communicate with a 


coronary artery, as reported in the June issue of the 


= Journal. Of at least equal importance is the fact that 
the capacity for development of collateral vessels is 
greater in some patients than in others. Although the 
‘crucial importance of demonstration of pre-existing 
collateral vessels has been emphasized,‘ Langston 
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Figure 1. tliustration of the critical quantitative aspects of re- 
gional ischemia. Reprinted from Case et al.1° 


et al. did not categorize their patients according to 
the presence of these vessels. 

During the past 25 years of experimental and clini- 
cal investigation of internal mammary artery im- 
plantation into the myocardium, many studies of 
blood flow have been made.?-7-8 Consistently, the 
evidence has indicated that ultimate flow through 
systemic arteries implanted into the myocardium is 
less than 20 ml/min. Langston et al. state that this 
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reduced flow is insignificant in myocardial bloed 
supply. Such a statement is not helpful to under- 
standing the pathophysiology of coronary artery dis- 
_ease or the benefits that may be derived from inter- 
nal mammary artery implantation.® 

The. physiologic studies of Case et al.1° are espe- 

 Cially helpful in clarifying the limitations and bene- 
fits of internal mammary- artery implantation. Figure 
-1, from Case’s work, shows why a 15 ml augmenta- 
tion of flow would restore hemodynamics to normal 
if regional coronary flow in this subject were reduced 
to 26 ml/min. However, if the same subject sus- 
tained a reduction of flow to 20 ml/min, a 15 ml in- 
crease would result in no improvement in myocardial 
metabolism, left atrial pressure or the electrocardio- 
gram. Because preoperative estimation of regional 
flow is imprecise, it is imperative to use the best avail- 
able guides to selection. Mammary artery implanta- 
‘tion inte the myocardium is. likely to increase collat- 
-eral flow only when implantation is performed in a 
region that has. arterial stenosis of at least 90 percent 
and that already contains collateral vessels. There is 
no indication that Langston et al. employed these 
dual criteria in selecting the 20 patients whose 
course they describe. 

Langston et al.5 ascribe deterioration of ventricu- 
lar function in 13 of their 16 surviving patients to the 
trauma caused by making an intramyocardial tun- 

“nel. It seems more likely that the occurrence of oper- 
ative transmural infarction in 5 patients accounted 
for much of the impairment of ventricular function. 
Although Langston et al. did not indicate whether 
their patients sustained a myocardial infarction after 

discharge from the hospital, 2 major deficiencies of 
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implant surgery are the risk of precipitating intraop-. 
erative infarction and the time lag during which 
implants cannot protect from infarction. implicating 
the intramyocardial tunnel as the cause of impair- 
ment of ventricular function, the authors state that 
it is unlikely that in 1 year progression of coronary 
artery disease would account for deterioration. of 
function. The percentage of patients whose ventricu- 
lar function deteriorates within a year due to. pro- 
gression of coronary artery disease is unknown. How- 
ever, we have observed critical deterioration of ven- 
tricular function within 3 months, despite the ab- 
sence of myocardial infarction, in patients awaiting 
coronary bypass surgery. 

In summary, precipitation of operative infarction, 
inability of implants to prevent early postoperative 
infarction, and inability to augment myocardial per- 
fusion critically appear to be more significant factors 
in the deterioration of ventricular function after in- 
ternal mammary artery implantation than the crea- 
tion of a small intramyocardial wound. Had optimal 
criteria been used for selection of patients undergo- 
ing implantation, the observations of Langston et. 
al.5 would have been different. However, their obser- 
vations do conform with the known anatomy and. 
physiology of the coronary arteries and arterial im- 
plants and emphasize the necessity for rigid criteria - 
in selecting patients for implants as well as the lim- ` 
ited applicability of implants. Indirectly their report — 
highlights the need for direct access to the coronary _ 
arteries. Since 1968 this need has been met by anas- . 
tomosis of the internal mammary artery to the coro- 
nary arteries as well.as by aortocoronary saphenous ` 
vein grafts.7:11 














References 


‘1. Vineberg AM: Development of anastomosis between coro- 
= nary vessels and transplanted internal mammary artery. 
Canad Med Ass J.55:117-119, 1946 
2. Spencer FC: A critique of implantation of a systemic artery 
for myocardial revascularization. Progr Cardiovasc Dis 
2:351-370, 1969 
3. Baird RJ, Shak PA, Ameli FM: The initial flow through an 
internal mammary artery implanted into the myocardium. J 
Thorac Cardiovasc Surg 61:456~460, 1971 
4. Favaloro RG, Eier DB, Groves KL, et al: Double internal 
mammary artery implantation. Clinical evaluation of results 
in 150 patients. Circulation 37:549-555, 1968 
' § Langston ML Jr, Kerth WJ, Selzer A, et al: Evaluation of 
internal mammary implantation. Amer J Cardiol 29:788-794, 
1972 
6. Taylor WJ, Gorlin R: Objective criteria for internal mam- 


mary ‘artery implantation. Ann Thoracic Surg 4:143-150, 
1967. 5 

7. Green, GE: Internal mammary artery to coronary anasto- | 
mosis: three year experience with 165 patients. Ann Thorac 
Surg, in press 

8. Dart CH Jr, Scott S, Fish R, et al: Direct blood flow studies 
of clinical internal thoracic arterial implants. Circulation: 41: 
suppl 2:64-71, 1970 at 

9, Kemp HG, Manchester J, Amsterdam E, et al: Internal oti. 
mammary artery implantation: effect on myocardial lactate 
utilization. Circulation 41: supp! 2:55-63, 1970 

10. Case RB, Nasser MG, Crampton RS: Biochemical aspects = 
of early myocardial ischemia. Amer J Cardiol 24:766-775, 
1969 oe 

11. Green GE, Stertzer SH, Reppert EH: Coronary arterial by- => 
pass grafts. Ann Thorac Surg 5:443-450, 1968 ; 


Functional Classification of Cardiac Disease: A Critique 


ARTHUR SELZER, MD, FACC 
KEITH COHN, MD, FACC 


-San Francisco, California 


Almost half a century ago it became apparent 
that the diagnosis of a patient with cardiac dis- 
ease could not rest entirely upon definition of the 
structural abnormality of the heart, but must also 
provide some information as to whether, and to 
what extent, the patient is disabled. A committee 
of the New York Heart Association recommended 
a simple functional classification of heart disease, 
which, with some modifications, was adopted by 
the American Heart Association. This classifica- 
tion has been generally accepted up to the present 
- time in reporting cardiac disability. It is used ex- 
tensively in the medical literature in connection 
with indications for heart surgery and in relating 
circulatory measurements to symptoms. It has be- 
come a required part of reports to insurance com- 
panies and governmental agencies on disability 
resulting from cardiac disease, and is a part of 
the standard nomenclature in coding diagnoses of 
hospitalized patients. 

Cardiology in the 1970’s bears little resem- 
blance to cardiology of the 1920’s. Nevertheless, 
this simple functional classification has survived 
all the dramatic changes in cardiologic thinking. 
Perhaps the time has come to take a closer look 
at the limitation of this classification as applied to 
cardiology today. 

Four functional classes are recognized,’ rang- 
ing from a totally asymptomatic state to complete 
disability. The classification is based on the phy- 
sician’s assessment of the patient’s history, thus 
is generally unsupported by objective evaluation. 
Patients with progressive disability may have 
their condition classified on the basis of past per- 
formance of activity, whereas those with stable 
disability are judged by comparing their effort ca- 
pacity with that of similar persons. 

Cardiac disease encroaches upon the patient’s 
capability to perform exercise in 1 of 2 ways: It 
can reduce performance of the heart as a pump, 
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interfering with oxygen delivery to the tissues or in- 
creasing pulmonary capillary pressures; or it can pro- 
duce myocardial ischemia by obstructing portions of 
the coronary circulation. 

Dyspnea is the commonest manifestation of re- 
duced pumping capacity of the heart and acts as 
a signal of approaching maximal performance, 
produced in disease at progressively lower levels 
of exercise. Some patients are more aware of 
forceful and rapid heart action during exercise, 
and complain of palpitations. Total exhaustion 
may also be perceived by some, particularly when 
limitation of cardiac output occurs without exces- 
sive elevation of filling pressures. Local myocardial 
ischemia is responsible for anginal pain, the com- 
monest limiting factor in patients with ischemic heart 
disease. 

Thus, each of the clinical symptoms produced 
by several unrelated mechanisms is capable of in- 
terfering with the patient’s activities. Since the 
symptoms have a quantitative relation with either 
the reduction of cardiac pump reserve or the extent 
of coronary deficit, there is a sound physiologic 
basis for relating functional classification of a pa- 
tient with cardiac disease to his symptoms. How- 
ever, this relation is imperfect and is altered by a 
series of modifiers. 

Modifier 1. Dependibility of symptoms and their 
interpretation by the patient: Dyspnea is the 
prime physiologic indication of the approaching 
maximal performance of a patient; its onset cannot 
be ignored or missed. However, the patient may ex- 
perience, or believe that he does, respiratory distress 
well before he achieves maximal performance; thus, 
a false positive history of disability is not uncom- 
mon, and a frightened, cautious or overtly psychoso- 
matic patient with a normal capacity for exercise 
may appear to have functional class IT or III disabili- 
ty. Exhaustion as an endpoint of exercise tolerance is 
more vague than dyspnea. Patients with failure of 
both ventricles, particularly when the tricuspid valve 
becomes incompetent, are less. subject to respiratory 
distress than those with pure left ventricular failure, 
and are often limited by simple fatigue. Such pa- 
tients, with proper motivation, may be able to per- 


form their ordinary activities if they happen to be 
nontaxing, unaware of the fact that they are per- 
© forming them at a snail’s pace. Thus, a patient with 
objectively overt cardiac failure (class IV) could give 
a history of performing normally (class I). Many pa- 
tients with long-standing, often life-long, disabling 
cardiac disease learn intuitively to move within their 
“circulatory budget” in their daily lives and are una- 
ware of their disability. 

Chest pain and palpitations often fail as warning 
signals of an overtaxed heart. Today’s extensive ex- 
perience with stress testing by means of treadmills 
and bicycle ergometers amply illustrates the fact 
that serious evidence of myocardial ischemia or ven- 
tricular tachycardia may appear during exercise, 
with the patient totally unaware that something is 
wrong with his cardiac performance. The problem of 
differentiating symptoms colored by psychological 
factors is all too familiar to every practicing physi- 
cian. Pure psychoneurosis, psychogenic symptoms 
superimposed upon a moderate cardiac disability, or 
simple fear of precipitating a bona fide episode of 
coronary insufficiency or pulmonary congestion may 
complicate the evaluation of a patient sufficiently to 
invalidate the conclusions. 

Modifier 2. Physical conditioning; interpreta- 
tion of ‘“‘ordinary activities”: Patients with cardi- 
ac disease who engage in at least moderate physical 
activities in their daily lives can generally account 
for their symptoms reliably when cardiac disease 
progresses. On the other hand, a sedentary worker 
whose main recreational activity is watching televi- 
sion may be unaware of reduction in his effort capac- 
ity. In between are patients whose strenuous physi- 
cal activities are episodic (seasonal games, yearly 
pack trips or hunting expeditions); such patients 
often find it difficult to account reliably for changes 
in their effort capability. Physical conditioning can 
profoundly influence effort capacity, even in the pa- 
tient with cardiac disease, as demonstrated by the 
-currently popular programs of graded exercise train- 
ing. On the other hand, physical deconditioning, 
often provoked by advice of an overcautious physi- 
cian or by a patient’s anxiety over the fact that he 
has “a heart murmur,” can reduce the normal effort 
tolerance to a point of simulating serious disability. 
The comparison of a patient with stable disability to 
a similar normal person, as suggested by the Criteria 
Committee of the New York Heart Association, is 
valueless because of the great variation in normal 
physical conditioning. 

Modifier 3. Temporary disability: Implied in 
the functional classification of heart disease is a pro- 
gression of disability from class I to IV as the cardiac 
disease progresses. However, episodic changes in a 
patient’s condition often present difficulty in se- 
lecting the proper class. Apart from obvious acute 
changes in the course of chronic disease, myocardial 
infarction or bacterial endocarditis, for example, ar- 
rhythmias are commonly responsible for exacerba- 
tion of cardiac symptoms. A patient with class I dis- 
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ability may experience acute pulmonary edema or 
severe coronary insufficiency as a result of a bout of 
tachycardia (class IV), but the level of disability 
may return to class I upon termination of the attack. 
In patients with mitral stenosis (class I), disability 
often progresses temporarily to class IV within min- 
utes after onset of atrial fibrillation. Respiratory in- 
fections may also place a patient at a more advanced 
level of disability for a period of days or weeks. 
Modifier 4. Interpretation of symptoms at rest: 
Within the context of the physiologic classification 
patients with symptoms occurring at rest are consid- 
ered to have class IV disability. This issue is con- 
fused by frequent inconsistencies; there are forms of 
ischemic heart disease in which chest pain occurs at 
rest only. Some such patients engage in all their or- 
dinary activities during the day, may also have nega- 
tive treadmill tests, but have serious ischemic at- 
tacks at night. Do they have class I or class IV disa- 
bility? Similarly, some patients with left ventricular 
failure are able to lead a normal life during the day, 
only to wake up night after night with paroxysmal 
dyspnea, or even pulmonary edema. How should 
their disability be classified? 2 
Modifier 5. Effect of therapy: When the fune- 
tional classification was first designed, therapy of 
cardiac disease was largely ineffective. Today we 


‘have powerful tools medical and surgical—for reha- 


bilitation of patients with disabling cardiac disease. 
Cardiac surgery has been acknowledged as one 
means of reducing the level of disability. In some pa- 
tients hospitalized with overt cardiac failure (class 
IV), disability may be successfully reduced to the 
level of class I or H and remain there indefinitely as 
long as the patient adheres to the proper regimen. 
Contrarywise, a patient may temporarily become re- 
fractory to a given dose of diuretic agents, perhaps 
because his renal function or sodium intake changes. 
In such circumstances the functional class may 
change precipitously, only to revert to its previous 
state when the temporary condition is remedied. Di- 
uretic agents may also alter the character of a pa- 
tient’s symptom complex—for example, by changing 
dyspnea (due to pulmonary congestion) into fatigue 
(brought about by a drug-induced decline in cardiac 
output). Fatigue may then be misinterpreted by the 
questioning physician as a less believable or less 
disabling symptom, and the patient may accordingly 
be given an erroneous classification. Severely dis- 
abled patients with effort angina may have their ef- 
fort tolerance increased by successful medical thera- 
py to return to class I again. Should classification be 
applied before or after therapy? How is one to ac- 
count for the skill of the clinician, i.e., whether opti- 
mal medical therapy is being administered? 


Conclusions 


The essential feature of a good diagnostic classifi-. 
cation is to convey information to one who has never 
seen the patient. Such diagnostic information should 
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i be reproducible, that i is, several independent observ- 


ers should be able to reach similar conclusions. The 


previous discussion illustrates the difficulty in apply- 


ing the functional classification of heart. disease to 


many patients. No information is available as to in 
what proportion of patients. with cardiac disease 
classification is reproducible, and in what proportion 
. differences of opinion would arise among clinicians. 
It is our impression that a sizable number of cases 
fall in the second category. 

Can a better classification be found? Perhaps some 
modification can be introduced, making the classifi- 
cation more complex, taking into account the vari- 
ous factors discussed here. Perhaps the answer lies in 
designing . some’ objective tests:of cardiac perfor- 
mance which would be superior to evaluation of dis- 
“ability from history or crude clinical observations. It 


-is important, however, to appreciate the weaknesses’ 


of the currently used functional classification. Its 
subjective nature often leads to bias and guesswork, 











and may compound diagnostic difficulties rather 
than simplify them. Surgeons, insurance adjustors, 
rehabilitation counselors and social security review- 
ers should all be aware that in many cases a class HI 
disability of a patient with cardiac disease may rep- . 
resent an opinion and not a firm diagnosis and that 
another observer could, with justification, consider 
such a patient’s disability to fit better into class I. 
Furthermore, those engaged in research who have re- 


- peatedly used the functional classification as a yard- 


stick, with which variables derived from objective 
measurements are correlated, should apply caution 
and recognize the limitations and deficiencies of the 
classification. 
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A NONINVASIVE SYSTEM TO MONITOR CARDIOVASCULAR PARAMETERS 


Stroke Volume Cardiac Contractility Peripheral Circulation Intra-thoracic fluid changes Cardiac Output 


Documented by leading professional publi- 
cations and clinical investigators, the instru- 
ment provides BEAT-TO-BEAT outputs 
displaying the mechanical action of the 
heart throughout the cardiac cycle in a 
QUANTITATIVE manner. 


The technic is non-invasive, simple to use 
and reliable to an accuracy comparable to 
_dye dilution. 


It provides valuable data as a primary clini- 
cal and surgical monitor. 
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intra-thoracic fluid changes indicated by 
direct display correlate well with data ob- 
tained by the double clearance technique. 
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Stroke volume, cardiac out- 
put, cardiac contractility 
and other cardiac dynam- 

ics are derived non-in- = 
vasively by placing the 
electrodes on the chest. — 





The instrument provides a 
simple and well docu- 
mented means of observ- 
ing peripheral circulation. 
The application shown 
illustrates its use on the leg. 
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SUMMARY OF PRESCRIBING INFORMATION 
Mode of Action: The mechanism of action of 
SORBITRATE (isosorbide dinitrate) is unknown, al- 
though the basic pharmacologic action is to relax 
smooth muscle. Isosorbide dinitrate reduces in num- 
ber and severity the incidence of angina pectoris 
attacks, with concomitant reduction in nitroglycerin 
intake. 

Indications: Sublingual and Chewable: For the 
prevention and treatment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not 
intended to abort the acute anginal episode. 
SORBITRATE WITH PHENOBARBITAL is indicated 
for patients in whom the angina pectoris is accom- 
panied by anxiety or its related symptoms. 
brink ke A history of sensitivity to the 

rug 
Warnings: Data supporting the use of nitrates dur- 
ing the early days of the acute phase of myocardial 
infarction are insufficient to establish safety. Phe- 
nobarbital may be habit forming. 

Precautions: Should be used with caution in pa- 
tients who have glaucoma. Tolerance and cross tol- 
erance to other nitrates may occur. 


Adverse Reactions: Headache which may be se- 
vere and persistent. Lowering the dose and using 
analgesics will help control the headaches which 
usually diminish or disappear as therapy is con- 
tinued. 

Adverse reactions seen occasionally: Cutaneous 
vasodilation with flushing; transient dizziness and 
weakness as well as other signs of cerebral ische- 
mia associated with postural hypotension; individ- 
ual marked sensitivity to the hypotensive effects of 
nitrates wherein severe responses can occur even 
with the usual therapeutic dose (alcohol may en- 
hance this effect); drug rash and/or exfoliative der- 
matitis. 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and 
other agents. 

Dosage and Administration: Route: Sublingual, 
oral and chewable tablets. 

Individual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with 
chewable doses as low as 5 mg., the smallest 
effective dose should be employed, Chewable tab- 


lets are generally given in doses of 5 mg. Sub- 
lingually or orally, 5 to 10 mg. is the range com- 
monly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose nec- 
essary for the prevention and treatment of pain of 
an anginal attack. Sublingual SORBITRATE may 
be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. 
CHEWABLE SORBITRATE may be taken for prompt 
relief of anginal pain 3 or 4 times daily. Although 
the onset and duration of effect of coronary ni- 
trates may vary, following are the generally reported 
ranges of these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 
5 minutes. Oral: 15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 
to 2 hours. Oral: Estimated to be 4 to 6 hours. 

It is recommended that the oral dosage be 
taken on an empty stomach. 


STUART PHARMACEUTICALS | Pasadena, Calif 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC 
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-And when indicated: Sorbitrate’ (isosorbide dinitrate) 
j mg. oral tablets. 
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a The $ 7 cond Generation Intra-Aortic Balloon Pump. 
It Has The Gas,The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO2 to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data’ show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. i 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That's logical too. 

* patent pending 

L Bregman, D., Kripke, D.C., Goetz. R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Sac. 
Artif. Int. Organs, Vol. XVI, 1970. 

**US, Patent #3.347.452 
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In most cases of mild to moderate hypertension, a diuretic alone 
will be sufficient.’ 
With Enduron, treatment couldn’t be simpler—one dose, once a 


day. Usual dose, one tablet (5 mg.). If needed, double the dose 
without appreciable increase in potassium loss. 


1. Schoenberger, J. A.: Management of Essential Hypertension, Med. Clin. of N. Amer., Jan. 1971. 
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METHYCLOTHIAZIDE 
TABLETS 





DESCRIPTION: Enouron (methyclothiazide) is a 
member of the benzothiadiazine (thiazide) family 
of drugs. It is an analogue of hydrochlorothiazide. 
Clinically, EDuRON is a potent oral diuretic- 
antihypertensive agent. 


ACTION: The predominant effects of ENDURON 
(methyclothiazide) are diuresis, natriuresis, and 
chloruresis. The excretion of sodium and chloride is 
greatly enhanced: potassium excretion is low. 
Although urinary excretion of bicarbonate is increased 
slightly, there is usually no significant change in 
urinary pH. The diuretic and saluretic effects are 
produced by inhibition of renal tubular reabsorption. 
There is significant natriuresis and diuresis within 
two hours after administration of a single dose of 
methyclothiazide. These effects reach a peak in 
about six hours and persist for 24 hours following 
oral administration of a single dose. 

In nonedematous patients the “peak” (maximum 
effective) natriuretic single dose of ENDURON is 
10 mg., whereas the “peak” kaliuretic dose is 5 mg. 
Thus, doubling a single daily dose of 5 mg. results 
in an increase of sodium output without significantly 
increasing potassium excretion. 

Like other benzothiadiazines, ENDURON also has 
antihypertensive properties, and may be used for this 
purpose either alone or to enhance the anti- 
hypertensive action of other drugs. The mechanism 
by which the benzothiadiazines, including 
methyclothiazide, produce a reduction of elevated 
blood pressure has not been definitely established. 
Sodium depletion, however, appears to be of 
primary importance. 

Enpuron is readily absorbed from the 
gastrointestinal tract and is excreted unchanged 
by the kidneys. 


INDICATIONS: Enouron (methyclothiazide) is 
indicated in the treatment and control of edema 
associated with congestive heart failure, the 
nephrotic syndrome, hepatic cirrhosis, premenstrual 
tension, and steroid therapy. The drug also is useful 
to control edema and hypertension associated with 
toxemia of pregnancy. It is further indicated as a 
primary measure in the treatment of mild to 
moderate hypertension and as an adjunct to other 


antihypertensive agents in the treatment of severe 
hypertension. When administered with ENDURON, more 
potent agents can be given at reduced dosage to 
minimize undesirable side effects. 


CONTRAINDICATIONS: ENDURON 
(methyclothiazide) is contraindicated in patients with 
a known sensitivity to methyclothiazide and/or other 
thiazide diuretics. It should not be used in patients 
with severe renal disease (except nephrosis) or 
complete renal shutdown. Thiazide diuretics should 
not be used in the presence of severe liver disease 
and/or impending hepatic coma. Hepatic coma has 
been reported as a consequence of hypokalemia 

in patients receiving thiazide diuretics. 


WARNINGS: The possibility of sensitivity 
reactions should be considered in patients with a 
history of allergy or bronchial asthma. 

There have been several reports, published and 
unpublished, concerning nonspecific small bowel 
lesions consisting of stenosis with or without 
ulceration, associated with the administration of 
enteric-coated thiazides with potassium salts. These 
lesions may occur with enteric-coated potassium 
tablets alone or when they are used with 
nonenteric-coated thiazides, or certain other oral 
diuretics. 

These small bowel lesions have caused obstruction, 
hemorrhage and perforation. Surgery was frequently 
required and deaths have occurred. 

Available information tends to implicate enteric- 
coated potassium salts although lesions also occurred 
spontaneously. Therefore, coated potassium- 
containing formulations should be administered only 
when adequate dietary supplementation is not 
practical, and should be discontinued immediately if 
abdominal pain, distention, nausea, vomiting or 
gastrointestinal bleeding occurs. 

EnburON does not contain added potassium. 


USE IN PREGNANCY: Enduron should be 
used with caution in pregnant women and 
nursing mothers since thiazides cross the 
placental barrier and appear in cord blood and 
in breast milk. The use of thiazides may result 
in fetal or neonatal jaundice, bone marrow 
depression and thrombocytopenia, altered 
carbohydrate metabolism in newborn infants of 
mothers showing decreased glucose tolerance, 
and possible other adverse reactions which have 
occurred in the adult. When the drug is used in 
women of childbearing age, the potential 
benefits of the drug should be weighed against 
the possible hazards to the fetus. 


PRECAUTIONS: Thiazide therapy should be used 
with caution in patients with severely impaired renal 
function because of the possibility of cumulative 
effects. Caution is also necessary in patients with 


impaired hepatic function or progressive liver disease. 


It has been observed that thiazide drugs may 
reduce arterial responsiveness to levarterenol 
(nor-epinephrine). Accordingly, the dosage of 
vasopressor agents may need to be modified in 
surgical patients who have been receiving thiazide 
therapy. 

Thiazide drugs may increase the responsiveness 
to tubocurarine. 

The antihypertensive effects of the drug may be 
enhanced in the sympathectomized patient. 

All patients should be observed for clinical signs 
of fluid or electrolyte imbalance, including 
hyponatremia (‘low-salt syndrome). These include 


thirst, dryness of the mouth, lethargy, and drowsiness. 


Hypokalemia may occur during therapy with 


methyclothiazide. In such cases supplemental 
potassium may be indicated. Potassium depletion can 
be hazardous in patients taking digitalis. Myocardial 
sensitivity to digitalis is increased in the presence of 
reduced serum potassium and signs of digitalis 
intoxication may be produced by formerly tolerated 
doses of digitalis. Hypochloremic alkalosis may occur 
following intensive or prolonged thiazide therapy. 
Replacement of chloride may be indicated in such cases. 

Thiazides may decrease serum P.B.I. levels 
without signs of thyroid disturbance. 


ADVERSE REACTIONS: Side effects that may 
accompany thiazide therapy include anorexia, nausea, 
vomiting, diarrhea, headache, dizziness, paresthesia, 
weakness, skin rash and photosensitivity. Jaundice 
and pancreatitis also have been reported. 

Blood dyscrasias, including thrombocytopenia with 
purpura, agranulocytosis, and aplastic anemia, 
have been reported with thiazide drugs. 

Thiazides have been reported, on rare occasions, 
to have elevated serum calcium to hypercalcemic 
levels. Serum calcium levels have returned to normal 
when the medications have been stopped. This 
phenomenon may be related to the ability of the 
thiazide diuretics to lower the amount of calcium 
excreted in the urine. 

Elevations of blood urea nitrogen, serum uric acid, 
and blood sugar have occurred with the use of 
thiazide drugs. Symptomatic gout may be induced. 

Although not established as an adverse effect of 
methyclothiazide, it has been reported that thiazide 
diuretics may produce a cutaneous vasculitis in 
elderly patients. 

When adverse reactions occur, they are usually 
reversible and disappear when the drug is discontinued. 


DOSAGE AND ADMINISTRATION: ENDURON 
(methyclothiazide) is administered orally. The usual 
adult dose ranges from 2.5 to 10 mg. once daily. 

To maintain an edema-free state or as an adjunct 
in the management of hypertension, 2.5 to 5.0 mg. 
once daily is often adequate. 

Maximum effective single dose is 10 mg.; larger 
single doses do not accomplish greater diuresis, 
and are not recommended. 

If edema is resistant to methyclothiazide alone, 
the concomitant administration of an aldosterone 
inhibitor or glucocorticoid may be of value. 

In severely edematous patients or in those with 
edema resistant to other medication, 10 mg. may 
be administered twice daily. If this dosage is 
continued beyond three consecutive days, particular 
attention should be given to the patient’s electrolyte 
status. Supplemental potassium may be required. 

In the treatment of hypertension methyclothiazide 
may be either employed alone or concurrently with 
other antihypertensive drugs. Combined therapy may 
provide adequate control of hypertension with lower 
dosage of the component drugs and fewer or less 
severe side effects. An enhanced response frequently 
follows its concurrent administration with Harmonyl® 
(deserpidine) so that dosage of both drugs may 
be reduced. 

For treatment of moderately severe or severe 
hypertension, supplemental use of other more potent 
antihypertensive agents such as Eutonyl® (pargyline 
hydrochloride) may be indicated. Such a combination 
is particularly useful when edema from congestive 
heart failure or other conditions requiring diuretic 
therapy coexist with hypertension. 

When other antihypertensive agents are to be 
added to the regimen, this should be accomplished 
gradually. Ganglionic blocking agents should be 
given at only half the usual dose since their effect 
is potentiated by pretreatment with ENDURON 205382 


Letters to the Editor 





HOW TO EXCHANGE A CLOTTED PERCUTANEOUSLY 
INTRODUCED INTRAVASCULAR CATHETER WITHOUT 
MAKING ANOTHER ARTERIAL PUNCTURE 


A percutaneously introduced intraarterial catheter fre- 
quently may become clotted during cardiac catheteriza- 
tion. Clots in the catheter give rise to peripheral embo- 
lism, some of which may be fatal should they go to the ce- 
rebral or coronary circulation. Since flushing or reinsert- 
ing the guide wire into the clotted catheter might dislodge 
the clot into the artery, the clotted catheter must be re- 
moved. Then either a second puncture must be made in 
the same artery or another artery used. This is not only a 
nuisance but also carries a certain hazard. 

To overcome this difficulty, Skolnick? described a tech- 
nique for exchanging a clotted intravascular catheter 
using the original arteriopuncture site. Briefly, the hub 
end of the clotted catheter is cut off, and a very thin wall 
(0.003 inch), 10 cm long polypropylene sheath, with Luer 
Lok? and of the same French size as the catheter, is slid 
over the catheter until the Luer Lok hub of the sheath is 
flush to the skin. Since the internal diameter of the 
sheath equals the external diameter of the transected 
catheter, there is no leakage of blood between or around 
the two. Furthermore, the thinness of the wall of the 
sheath not only precludes significant enlargement of the 
arterial puncture hole, but also prevents blood leakage 
when the sheath is subsequently removed after a new 
catheter is inserted. Once the sheath is inside the vessel, 
the clotted catheter is inserted with or without the help of 
a guide wire. 

One step in Skolnick’s technique needs reemphasis: 
Once the new catheter is inserted into the vessel through 
the sheath, the latter should be slid out of the artery so as 
to prevent clot from forming between the sheath and the 
catheter. In addition, there are two points not mentioned 
by Skolnick that I found pertinent to the success and 
safety of this technique: 

1. The sheath, made of either polypropylene (U. S. 
Catheter and Instrument Corp.) or mylar (Cook), fre- 
quently wrinkles and thus becomes useless before it can 
be slid over the catheter into the artery, especially if there 
is a tight fit between the original catheter and the percu- 
taneous arterial puncture. One helpful maneuver is to 
avoid pushing further (which only wrinkles and telescopes 
the sheath further) and to pull back the catheter several 
centimeters; then a twisting motion of the sheath is usu- 
ally successful in permitting the catheter to enter the ves- 
sel. An alternate maneuver is to move the catheter and 
the sheath several centimeters back and then use a back- 
and-forth and rotating motion of the catheter along with 
the sheath. This maneuver usually allows them to slide 
back easily into the vessel. 

2. If a clot has formed at or near the tip of the cathe- 
ter during removal of the clotted catheter from the artery 
through the sheath, part or all of the clot may be dis- 
lodged or scraped off by the intravascular end of the 
sheath to produce distal embolism. This actually occurred 
in 2 of my patients until the following maneuver was em- 
ployed: Before removal of the clotted catheter constant 


‘negative suction was applied by means of a syringe at- 


tached to the proximal end of the transected catheter with 
use of a 16 or 17 gauge needle (depending on the French 
size of the catheter used) inserted into the open end of the 
catheter. Since the employment of this maneuver, there 
has been no instance of dislodged or scraped-off clot from 
the tip of the clotted catheter. 

The purpose of this communication is to bring this ex- 
tremely useful technique (originally described in a 
radiologic journal?) to the attention of cardiologists and to 
report additional details considered essential to its suc- 
cessful application. 


Tsung O. Cheng, MD, FACC 

Division of Cardiology 

George Washington University Medical Center 
Washington, D.C. 
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PRIMARY AND SECONDARY T LOOPS AND WAVES 


The recent article of Abildskov et al.t is a well balanced 
result of observation and acquired knowledge of the 
electrophysiologic activity of the heart. 

The concept of classification in primary and secondary 
T waves is not new. It is closely related to the ventricular 
gradient. Lipman and Massie? and Friedberg? considered 
a T wave to be primary when alterations (metabolic, 
hemodynamic or ischemic) occurred on the myocardial 
cellular level. They considered the secondary T wave to be 
due to alterations in depolarization conduction (bundle 
branch block and ventricular premature contraction). Al- 
though the idea of their primary and secondary T wave 
classification is essential, their concept differs with and 
is not as complete as that Abildskov et al.1 have now 
described. 

This present letter offers some evidence for the recent 
concept of primary and secondary T waves or loops. It is 
well known that the P and T, waves are equal in area but 
have opposite polarity. The resultant vectorial summation 
or atrial gradient is zero. The thinness of the atrial wall 
probably makes possible an equilibrium in pressure and 
temperature between the epicardial and endocardial sur- 
faces of the atrium.# 

As far as I know there is no obvious reason to assume a 
significant difference in duration between the transmem- 
brane action potential of the atrial epicardial and endo- 
cardial surfaces. The primary T, wave is absent or mini- 
mal in comparison with the secondary T, wave. 

The conduction time for complete atrial depolarization 
is an average of 0.08 second,® the same as that required 
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for ventricular depolarization. The average atrial and ven- 
-tricular weight in adult normal man is 52 and 202 g, re- 
spectively. The atrial depolarization proceeds at an aver- 
age of 0.65 g of tissue/msec, and the ventricular depolar- 
> ization at 2.52 g/msec. 

The slow velocity of atrial mass depolarization is anoth- 
er reason for a small primary Ta wave. Unfortunately, the 
small T, loop does not-lie in the range of commercially 

-available vectorcardiographic equipment. and coincides 
partially with the QRS loop. Continuous recording of the 
running vector loops of a Wenckebach phenomenon or 

= second or third degree atrioventricular block could proba- 
bly elucidate the existence of a pure secondary T a loop. 
Hamlin and Smith? found that the ventricular activation 
process in dog, man, cat and monkey differed from that in 
< goat, sheep and: pig. In the latter, the major mass of both 
< ventricles was depolarized in a single burst (nearly simul- 
taneous epicardial depolarization) permitted by more gen- 
eral penetration of the Purkinje fibers into the epicar- 
>: dium. Theoretically in animals belonging to this category 

‘the amplitudes and maximal vector of the primary T 

“wave or loop would be greater than those in dog, man and 

“monkey. 

<c The concepts of Abildskov et al. help to provide a more 

‘electrophysiologic approach to the “labile” T wave or 

loop. As Claude Bernard said, “One enlarges science in 
two ways: by adding new facts and by simplifying what 
already exists.” 

z Koen J. J, Bruyneel, MD 

Department of Medicine 

University of Cape Town 

Cape Town, South Africa 
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AN UNUSUAL TREATMENT OF PAROXYSMAL 
SUPRAVENTRICULAR TACHYCARDIA 


A preliminary note was published on a new method of 
treatment of attacks of paroxysmal supraventricular 
tachycardia (Constantiniu method) in La Presse Mé- 
dicale, Paris (November 8, 1969), Minerva Medica, Torino 
(September 29, 1976) and the British Medical Journal, 
London. (February 6, 1971). When the known methods of 
vagal stimulation, either mechanical (compression of the 
carotid sinus, eyeball pressure, Valsalva maneuver) or 
medicinal (quinidine, digitalis) fail, then placing the pa- 
tient in an inverse vertical. position, head down and feet 
up, will immediately arrest the paroxysmal tachycardia. 

Excellent. results were obtained in 5 cases. of severe 
supraventricular tachycardia, with attacks that lasted. up 
to 42 hours and in. which the known methods of stimula- 
tion of the vagus, both mechanical and medicinal, had 
given no results. Similar good results were obtained by 
Dr. Denis Abelson of Philadelphia and Dorel Stanescu of 
Bucharest. In all cases the tachycardia immediately re- 
verted to normal rhythm. 

The inverse vertical position, head down and feet. up, 
produces a sudden increase of blood pressure upon the 
proprioceptors of the cardioaortic’ and sinocarotid reflexo- 
gen areas; the consequence is an increase in the intensity 
of the normal stimulus—-pulsatile. expansion of the aortic 
wall and carotid sinus—and in the frequency. of the affer- 
ent impulses; the tonus of the medullary. cardioinhibitory 
center increases, and the heart rate decreases. The blood 
column in the arteries of the lower limbs and abdomen 
suddenly accumulates, due to gravity, in the thoracic 
aorta, carotid vessels and coronary arteries. 

A minor variant of the method. is to lay the patient face 
down and suddenly draw his head and chest toward the 
floor. This can also be done by the patient himself. 

This method of stimulation of the vagus is physiologi- 
eally simple, efficient and practical both for the patient 
and physician since it may instantaneously arrest an at- 
tack of paroxysmal supraventricular tachycardia with dra- 
matic clinical effect. The method is contraindicated in 
heart failure. 


lon Constantiniu 
Dr. St. Sfinca Hospital 
Bucharest, Romania 








Book Reviews 


-Diagnostic Electrocardiography and Vectorcardiography, 
by H. Harold Friedman, MD. New York, McGraw-Hill, 1971, 
-486 pages 


‘This is a concise, lucid and practical book on electrocardi- 
ography and vectorcardiography. It is commendable that the 
author presents many fine drawings, even though obtained 
from several investigators, which help in the understanding 
of concepts presented throughout. 

There are several chapters that excel over others, such as 
Chapter 2, which presents very suecinctly the anatomy and 
physiology of the conduction. system of the heart, including 
newer concepts. Chapters 4 and 6, dealing with the normal 
electrocardiogram and vectocardiogram, are also clearly 
written. However, the presentation of the electrocardiogram 
in congenital heart disease is too brief and does not allow a 
discussion of the variety of patterns in some of the most 
frequent congenital anomalies. 

The bibliography is sparse and uneven, in general pre- 
senting practical papers rather than more basic material 

_for the reader to study. 

Some minor changes in nomenclature and differential 
interpretation of an electrocardiogram should have been 
‘made, and some terms shouldbe discontinued—for exam- 
ple, anterior peri-infarction block and left axis deviation— 
since they are no longer relevant. Some electrocardiograms 
may be interpreted in a different manner, for instance, 
Figure 5-26. The electrocardiogram is presented as normal. 
However, there are no Q waves in leads I and Ve, and a diag- 

“nosis of previous anteroseptal myocardial infarction or sep- 

‘tal fibrosis cannot be excluded. Figure 5-31 is not a good ex- 
ample of a vertical heart. In Figure 9-3 the P wave may also 
be indicative of biatrial enlargement. The discussion of Fig- 
ure 11-16 should have indicated that the differential diag- 
nosis between incomplete left bundle branch block and left 
ventricular enlargement may not be possible. In Figure 11- 
20. the electrocardiogram does not fulfill the criteria of left 

anterior hemiblock since the initial component of the QRS 
complex is not directed to the right and inferiorly. The 
legend to Figure 11-21 should have emphasized that the 
pattern of left posterior hemiblock is usually accompanied 
by right bundle branch block and that the differential diag- 
nosis from cor pulmonale:has to be considered. 

In spite of minor differences, this book is highly recom- 
mended for the practicing physician, house staff and medi- 
cal students. 


Janet Lipski, MD 
New York, New York 


ECG. Diagnosis. Self-Assessment, by Edward A. Chung 
and Donald K. Chung. New York, Harper & Row, 1972, 
456 pages, $12.95 


Despite the large number of books available on electrocar- 
diography, the clinician interested in assessing his knowl- 
edge and competence in the field has little to choose from. 
This book of challenging and prevocative electrocardio- 
grams will serve him well. In their introduction, the 
authors suggest a large and varied readership; however, I 
suspect that much of the material will prove too demand- 
ing for most physicians. 

-Two hundred short case histories are presented, with 
accompanying electrocardiograms on one side of the page 


and diagnostic interpretations on the reverse side. The 
tracings are “smaller than life,” and most take up only a 
small part of an otherwise blank page. Adjustment to 
standard electrocardiographic size and removal of nota- 
tions placed to emphasize P waves, premature ventricular 
contractions, fusion beats, and the like on the case history 
page would have added to the teaching effect and permit- 
ted the task of interpretation by the reader to approach 
more closely the clinical situation. 

An extensive numbered bibliography is presented at the 
conclusion of the 200 tracings. The references are both 
current and pertinent, many less than 1 year old; how- 
ever, they are not cited in the discussion of the individual 
electrocardiograms. The bibliography thus fails to aid one 
in delving deeper into interpretation of the tracings, many 
of which, by the nature of the volume, are subject to vari- 
ous diagnoses and conclusions. As an example, definitive 
statements on bilateral bundle branch block in one case of 
right axis deviation and right bundle branch block, and in 
another of right superior axis and left bundle branch 
block, need modification in light of our present under- 
standing of the atrioventricular conducting system. 

In conclusion, this small and somewhat expensive softe 
covered book will provide a stimulating test of knowledge 
to selected persons reasonably well versed in electrocardi- 
ography. However, for medical students, nurses and those = 
less knowledgeable in the field one would recommend a’ 
standard textbook of electrocardiography. 


Norman P. Silvers, MD 
New York, New York 


Remediable Arterial Disease, by Roy H. Ciauss, MD and 
Walter Redisch, MD. New York, Grune & Stratton, 1971, 
195 pages, $17.50 


Modern vascular surgery is a rapidly changing field which 
Drs. Clauss and Redisch have covered well in a concise 
and succinct manner. The physiology of normal and ab- 
normal peripheral blood flow and the evaluation of meth- 
ods are well discussed in general and in particular for each 
regional site. The direct restoration of primary circulation 
is then dealt. with again, covering both available methods 
in general—thrombendarterectomy, bypass grafting, and 
so on-and the regional surgical management of various 
sites. Additional chapters cover other forms of surgical 
and medical management. 

Basic principles are stressed in all aspects of evaluation 
and treatment. Operative techniques are well detailed, 
and frequent pitfalls and errors are shown with appropri- 
ate descriptions for their avoidance. The illustrations are 
crisp and clear. The bibliography is pertinent and current. 

The volume is not merely a review of the current litera- 
ture or a narration of the authors’ personal experience. It 
is a well written and illustrated text with a length that 
has been kept to a concise but complete minimum. I rec- 
ommend it to the student and practitioner dealing with. 
the problems of arterial disease. Whether one’s basic field 
is surgery or medicine, this text will contribute to one’s 
ability to treat one’s patients well. 


Wiliam D, Mahoney, MD, FACS ~ 
New Rochelle, New York 
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Reviews in Cardiology* 


A Cooperative Program of the American College of Cardiology and the Nationai Library of Medicine 


ARRHYTHMIA 


Pharmacotherapy of cardiac arrhythmias in acute 
myocardial infarction. Dijk L van. 

Folia Med Neerl 14:225-36, 1971 (35 ref.) 

Pacemaking and acute myocardial infarction. Resnekov 
» et al 

Prog Cardievase Dis 14:475-99, Mar 72 (152 ref.) 


ARTERIOSCLEROSIS 


Studies on the “nonspecific mesenchymal reaction” 
and the “transit zone” in myocardial lesions and 
atherosclerosis. Hauss WH, et al. 

Ann NY Acad Sei 156:207-18, 31 Jan 69 (36 ref.) 

Atherosclerosis as a pediatric problem. Kannel WB, et 
al. J Pediatr 80:544-54, Apr 72 (52 ref.) 


BLOOD CIRCULATION 


Circulation: overall regulation. Guyton AC, et al. 
Annu Kew Physiol 34:13-46, 1972 (113 ref.) 


BLOOD FLOW VELOCITY 


Measurement of blood flow with freely diffusible 
indleators as inert gases, antipyrine, labelled water 
and rubidium. Lassen NA, et al. 

Acta Endocrinol [Suppl] (Kbh) 158:95-111, 1972 (38 
ref.) 


CARDIOVASCULAR DISEASES 


Cardiovascular complications of antidepressant 
therapy, Interactions at the adrenergic neuron. 
Raisfeld IH, Am Heart J 83:129-33, Jan 72 (21 ref.) 


DIABETIC ANGIOPATHIES 


Dietary therapy and prophylaxis of vascular disease in 
diabetics. brink MJ, et al. 
Med Clin North Am 55:877-87, Jul 71 (34 ref.) 


DIGITALIS GLYCOSIDES 


Treatment of heart fallure. 1. Gazes PC, 
Postgrad Med 51:199-204, Jan 72 (19 ref.) 


ENDOCARDITIS, SUBACUTE 
BACTERIAL 


Comparative statistical investigations regarding 
incidence, etiology and topography of subacute 
bacterial endocarditis. Kast A. 

Jap Cire J 35:1203-12, Oct 71 (70 ref.) 


HEART 


Regulation of cardiac contraction. Ross J Jr, et al. 
Annu Rev Physiol 34:47-90, 1972 (208 ref.) 
Membrane ionic permeabilities and contractile 
phenomena in myocardium. Coraboeuf E. 
Cardiovasc Res i:Suppl 1:55-63, Jul 71 (57 ref.) 


HEART DISEASES 


Studies on the “nonspecific mesenchymal. reaction” 
and the “transit zone” in. myocardial lesions and 
atherosclerosis. Hauss WH, et al. 

Ann NY Acad Sei 156:207-18, 31 Jan 69 (36 ref.) 

The pluricausal cardiopathies. Selve H. 

Ann NY Acad Sei 156:195-206, 31 Jan 69 (57 ref.) 

Prevention of heart disease. Paffenbarger RS Jr. 
Postgrad Med 51:74-8, Jan 72 (10 ref.) 


HEART FAILURE, CONGESTIVE 


Treatment of heart failure. 1. Gazes PC. 
Postgrad Med 51:199-204, Jan 72 (19 ref.) 
Mechanisms of heart failure. Sonnenblick EH, et al. 
Verh Dtsch Ges Kreislaufforsch 37:29-42, 1971 (60 ref.) 


HEART FUNCTION TESTS 


Studies of pulmonary and cardiac function using 
short-lived isotopes oxygen-15, nitrogen-13 and 
carbon-1 1; West JB. Prog At Med 2:39-64, 1968 (47 ref.) 


HEART, MECHANICAL 


Mechanical assistance to the. circulation. Arnitzenius 
AC. Folia Med Neerl 14:250-2, 1971 (16 ref.) 


HEART RATE 


Cardiac frequency: control and adjustments to 
alterations, Vatner SF, et al. 
Prog Cardiovase Dis. 14:431-45, Mar 72 (129 ref.) 


HEART SURGERY 


Psychological responses to open heart surgery: a 
review, Elsberry NL. 
Nurs Res. 21:220-7, May-Jun 72 (27 ref.) 


HYPERTENSION 


{Surgery and hypertensive patients] Amaha K. 
Surg Ther (Osaka) 25:543-6, Nov 71 (19 ref.) 


MYOCARDIAL DEPRESSANTS 


Pharmacotherapy of cardiac arrhythmias in acute 
myocardial infarction. Dijk L- van. 
Folia Med. Neer! 14:225-36, 1971. (35 ref.) 


MYOCARDIAL DISEASES, 
SECONDARY 


Mechanisms of heart failure. Sonnenblick. EH, et al, 
Verh Dtsch Ges Kreislaufforsch 37:29-42, 1971 (60 ref.) 


MYOCARDIAL INFARCT 


Tachyarrhythmias in myocardial infarction. DeSanctis 
RW, et al. Circulation 45:681-702, Mar 72 (68 ref.) 
Bradyarrhythmias in acute myocardial. infarction. 
Rotman. M, et al. ` 
Circulation 45:703-22, Mar 72 (101 ref.) 
Mechanical assistance to the circulation. Arnitzenius 
AC, Fola Med Neerl 14:250-2, 1971 (16 ref.) 
Wlectrotherapy in acute myocardial infarction, Dekker 
E. Folia Med Neerl. 14:237-49, 1971 (146 ref.) 
Pacomiaking and acute myocardial infarction. Resnekov 
» et al, 
Prog Cardiovasc Dis 14:475-99, Mar 72 (152 ref.) 


MYOCARDIUM 


Studies on the “nonspecific mesenchymal reaction” 
and the “transit zone” in myocardial lesions and 
atherosclerosis, Hauss WH, et. al. 

Aun NY Acad Sei 156:207-18, 31. Jan 69 (36 ref.) 

Kegulation of cardiac contraction. Ross J Jr, et al. 
Annu Rev Physiol 34:47-90; 1972. (203 ref.) 

Membrane ionic permeabilities and contractile 
phenomena, in. myocardium. Coraboeuf E. 
Cardiovasc. Res 1:Suppl 1:55-63, Jal 71 (57 ref.) 


NOREPINEPHRINE 


Gn mechanisms of norepinephrine release by 
amphetamine and tyramine and tolerance to their 
effects. Brodie BB, et al. 

and Biochem Psychopharmacol 1:219-38,. 1969 (27 
ref. 

Cardiovascular. complications of antidepressant 
therapy. Interactions at the adrenergic neuron. 
Eaisfeld IH. Am Heart. 3 83:129-33, Jan 72 (21 ref.) 


SHOCK 


The phenomenon. of respiratory failure in shock: the 
genesis of “shock lung”. Kamada RO, et al. 
Am Heart J 83:1-4, Jan 72 (17 ref.) 


TACHYCARDIA 


Tachyarrhythmias in myocardial infarction. DeSanctis 
RW, et al. Circulation 46:681-702, Mar 72 (68 ref.) 


* Citations obtained from, the. National Library of Medicine's MEDLARS Retrieval Program——Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 
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4 Calendar of Continuing Medical Education Programs 


<The National Committee for Con- 
< ünuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 
“Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition: and treatment of cardiovascular 
disease. Although. the disciplined ob- 
jective of each program as well as its 
_ content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national. in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 





gram structures vary as to methods of 
education. ; 
The National Committee for Con- 


tinuing Medica! Education of the Coko 
lege earnestly solicits the interest of : 
member and nonmember physicians 
alike in continuing education for the > 


clear reason that participation provides 
a unique. opportunity ‘to deepen one’s. 


understanding of heart disease, the _ 


most formidable and challenging health 
problem of our time. 





Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing o 
Education Programs, American. College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. : 


1972 


ok Preceptorships in Cardiology. 
Arthur Selzer, FACC, director. 
Pacific Medical Center, San 
Francisco, Calif: 
* To be arranged individually 


Clinical Pharmacology of Cardio- 
vascular Drugs. William B. 
Abrams, FACC and R. ©. Davies, 
directors. Queen Elizabeth Hotel, 
Montreal, Quebec, Canada 


“SEPT. 


i A Symposium on Cardiovascular 
411-43 


Nursing. Fred D. Ownby, FACC 
and Leo Schamroth, FACC, di- 
rectors and Juanita C. Burns, RN 
and Jean C. Mann, RN, co-direc- 
tors. The University of Tennes- 
see, Nashville, Tenn. 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leonard 
S. Dreifus, FACC and Yoshio 
Watanabe, FACC, co-directors. 
Holiday Inn, Penn Center, Phila- 
delphia, Pa. 


U SEPT. 
28-30 


oct. When, Why and How in Everyday 

2-4 Cardiology. Charles Fisch, FACC 
and Borys Surawicz, FACC, 
co-directors. Marion County 
General Hospital, indianapolis, 
Ind. 


OcT. Acute Myocardial Infarction— 
5-7 Pre-Hospital Phase. John B. 
Johnson, FACC, director, Shera- 


ton Park Hotel, 
D.C. 


Washington, 


ocr. Vectorcardiography: A Work- 

11-13 shop. Alberto Benchimol, FACC, 
director. Mountain Shadows 
Hotel, Scottsdale, Ariz. 


OcT. Electrocardiographic and Thera- 
17-19 peutic Problems in Acute Myo- 
cardial Infarction. William J. 
Grace, FACC, director. St. Vin- 
cent’s Hospital and Medical Cen- 
ter of New York, New York, N. Y. 


Oct. Principles of Cardiac Arrhyth- 


26-28 mias. Edward K. Chung, FACC, 
director. The Greenbrier, White 
Sulphur Springs, W. Va. 

NOV. Cardiology 1972. T. K. Lin, 


3-5 FACC, director. Princess Kaiu- 
lani Hotel, Honolulu, Hawaii 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


DEC. Exercise in Preventive and Re- 

1-2 habilitative Cardiology. Ezra A. 
Amsterdam, FACC, Jack H. 
Wilmore, Joseph A. Bonanno, 
FACC and Dean T. Mason, 
FACC, co-directors. University 
of California at Davis, Davis, 
Calif. 


DEC. Colloquia in Cardiology: Number 
6 5—Clinical Problems in Cardiac 


Bid AAWA Pia B ama mi aÈ a a a 


Paarman ee A RA A A 


Disease. Robert W. Obath  — 
FACC, director. Los Angeles o — 
Hilton, Los Angeles, Calif. 
DEC. Fifth Annual Symposium: Paths 
8-10 
Disease. Henry L Russek, 
FACC, director. Americana Ho- 
tel, New York, N. Y. 


1973 


JAN. Controversies in Cardiovascular a 
Disease: A Practical interpretas o 


10-12 : 
tion. James R. Jude, FACC, die 
rector and Hugh Gilmore and 
Morton M. Halpern, co-directors. 
Sheraton Four Ambassadors 
Hotel, Miami, Fia. 


JAN, Core Curriculum: Cardiovascular - 
11-12 | Physiology: Clinical Implications 


ot Newer Concepts and Meas . 


surements. Willlam W. Parmley, oo 
FACC and H. J. ©. Swan, FACO; =o 


directors. Cedars-Sinai Medical = 


Center, Los Angeles, Calif. 


JAN. A Perspective on New Methods: = 
14-16 


H. K. Vogel, FACC, director and 

Bruce C. Paton and Lesiie L. Kel- 
minson, FACC, co-directors 
Opticon Theater, Snowmass-at- 
Aspen, Aspen, Colo. AS 


JAN. Stress and the Heart. Robert s a 
29-31 Eliot, FACC, director. 


Vhs Res a a Y CS ta a. 





of Progress in Cardiovascular 





of Treatment in Congenital and 
Acquired Heart Disease. John | 











Ponte > 





: FEB. 
14-18 


FEB. 
19-20 


CMAR. 
“42-17 


< MAR. 


16-18 


MAR. 
, 26-28 
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Vedra Club, Ponte Vedra Beach, 
Fia. 


Twenty-Second Annual. Scien- 
tific Session. Samuel M. Fox fl; 
FACC, president. St... Francis 
Hotel, San Francisco, Calif. 


Reconvened: Scientific Session. 
James A. Orbison, FACC, direc- 
tor. Maui Sheraton, Maui, Ha- 
waii 


Consultant's Course in Cardi- 
ology. Simon Dack, FACC, di- 
rector. Mount Sinai Medical 
Center, New York, N. Y. 


Non-Invasive Methods in Cardi- 
ology, Apexcardiography,. Pho- 
nocardiography, Pulse Tracings 
and Phonoarteriography. Samuel 
Zoneraich, FACC, director, 
Queens Hospital Center, Jamai- 
ca, N.Y. 


Electrocardiographic Interpreta- 
tion of Arrhythmias: A Physio- 
logical Approach. Charles Fisch, 
FACC, director. Indiana Uni- 
versity Medical Center, India- 
napolis, Ind. 


APR. 
2-4 


APR. 
2-11 


APR. 


4-6 


APR. 
14-15 


Phonocardiegraphy: A Work- 
shop. Alberte. Benchimol, FACC, 
director. Mountain Shadows 
Resort Hotel, Scottsdale, Ariz. 


Cardiology for the Consultant. 
E. Grey Dimend, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


Management of the Critically. IHi 
Cardiac Patient. Henry D. Mc- 
intosh, FACO, James K. Alex- 
ander, FACC and Edward W. 
Dennis, FACS, co-directors. The 
Methodist Hospital, Houston, 
Tex. 


Non-invasive Techniques in the 
Diagnosis ef Heart Disease. 
Clarence Agress, FACC and H. 
J. C. Swan, FACC, co-directors. 
Century Plaza Hotel, Los An- 
geles, Calif. 


Current Concepts in Cardiology 
— 1973. Philip Akre and John A. 
Bowers, ¢o-directors. Caesar's 
Palace, Las Vegas, Nev. 


How to Collect a Cardiovascular 
Data Base. J. Willis Hurst, FACC 


MAY 
17-19 


MAY 
23-25 


JUNE 
21-22 


- Atherosclerotic 


and Robert ©; Schlant, FACC. 
Royal. Coach Motor Hotel, At- 
tanta, Ga. 


A Critical Approach to Cardio- 
vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 
co-directors, Jack Tar Hotel, 
San Francisco, Calif. 


The. Clinical. Manifestations of 
Congenital Heart Disease from 
Birth through Adulthood. Joseph 
K. Perloff, FACC, director and 
Sidney Friedman, FACC and 


‘William Rashkind, co-directors. 
: Hospital 


of the University of 
Pennsylvania, Philadelphia, Pa. 


Heart Disease 
1973; Robert L. Van Citters, 


ACG, John N. Lein, and: Harold 


T, Dodge, FACC, co-directors. 
Anchorage. Westward. Hotel, 
Anchorage, Alaska 








@ Abstracts 





San Francisco, California 


è Scientific Exhibits 
Deadline for requests for space: October 15, 1972 


ə Cardiovascular Films 
Deadline for submission: November 1, 1972 


22nd ANNUAL SCIENTIFIC SESSION 
“AMERICAN COLLEGE OF CARDIOLOGY 


February 14-18, 1973 


Entries must be postmarked no later than Saturday; September 30, 1972 


For application torms, write Patrick A. Ziarnik, Director, Arinual Scientific Session 
Department, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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1972-73 Committee Appointments 






ADMINISTRATIVE COMMITTEES 
a Awards Committee: 

— C. Frederick Kittle, chairman, 1974 
-Alinos 


-Sidney Blumenthal, 1973 


Florida 


Ernest Craige, 1974 


North Carolina 


John B. Johnson, 1973 


ooo Districttot Columbia 

Hilliard J: Katz, 1975 

California 

| Robert L: Van Citters, 1973 

co Washington 

_ Budget and Finance Committee 
~ Warren J. Taylor, chairman, 1975 

: Massachusetts 

Jo Roderick Kitchell, 1973 
Pennsylvania 

Jack P: Segal, 1973 
Maryland 


; 7 Constitution and Bylaws Committee 


"Robert W. Oblath, chairman, 1973 
oo California 


Robert E. Beamish, 1974 


Canada 


| Robert G. Carlson, 1974 


oo New York 
ae Credentials Committee 
Henry D. Mcintosh, chairman,.1973 


Oo Texas: 
Uy, Julian Haywood, 1975 


California 


~ Samuel Kaplan, 1973 
unui Obio 
veo Dean T. Mason, 1973 
California 
Peter V. Moulder, 1975 
Pennsylvania 
Executive Committee 
: Samuel M. Fox, UL, chairman, 1974 
<< District of Columbia 
Forrest H. Adams, 1973 
California 


William Likoff, 1976 


Pennsylvania 
‘Leonard Scherlis, 1973 
Maryland 
H. d G.Swan, 1975 
: California 
- Warren J. Taylor, 1975 
Massachusetts 
Government Relations Committee 
Sylvan L. Weinberg, chairman, 1973 
Ohio 
Arthur C. Beall, Jr., 1973 
Texas 


oo The following physicians have been named to the College Committees listed below: 


Dwight E. Harken, 1974 
Massachusetts 

Herman K. Hellerstein, 1975 
Ohio 


Suzanne B. Knoebei, 1973 


Indiana 

John C. Lungren, 1974 
California 

John M. Packard, 1975 
Alabama 

William A. Sodeman, 1975 
Pennsylvania 

Robert L. Van Citters, 1975 
Washington 

Investment Committee 

Warren J. Taylor, chairman, 1975 
Massachusetts 

William D. Nelligan, 1973 
Maryland 

Jack P. Segal, 1973 
Maryland 


Long Range Planning Committee 

H.J. C. Swan, chairman, 1973 
California. 

Henry W. Blackburn, Jr., 1975 
Minnesota 


E. Grey Dimond, 1975 


Missouri 

Robert S, Eliot, 1975 
Florida 

Mary Allen Engle, 1975 
New York 

Henry D. McIntosh, 1973 
Texas 

Robert W. Oblath, 1973 
California 

Henry |. Russek, 1973 
New York 

Robert C. Schlant, 1974 
Georgia 

Warren J. Taylor, 1975 
Massachusetts 


Membership Committee 


Donald C. Harrison, chairman, 1974 


California 
Paul E. Ebert, 1975 


New York 
J. Douglas McNair, 1973 
California 


EDUCATIONAL COMMITTEES 


ACCESS Committee 

E. Grey Dimond, chairman, 1974 
Missouri 

James E. Crockett, 1974 
Missouri 

Murray S. Hoffman, 1974 
Colorado 
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ACCESS Committee 

(continued) 

Suzanne B. Knoebel, 1974 
indiana 

B. L. Martz, 1974 
Indiana 

Robert W. Oblath,.1974 
California 

Herbert D. Ruttenberg, 1974 
Utah 

Alfred Soffer, 1974 
Illinois 


Bethesda Conferences Committee 


Robert C. Schlant, chairman, 1974 
Georgia 

Myrvin-H, Ellestad, 1975 
California 

John H. Killough;: 1973 
Pennsylvania ` 

John. H. K. Vogel; 1973 
California 


Continuing Education Programs 

Committee l 

William Likoff, chairman, 1975 
Pennsylvania 

Lawrence S. Cohen, 1975 
Connecticut 

John J. Curry, 1973 

Maryland 

Charles Fisch, 1973 
Indiana 

William J. Grace, 1973 
New York 

George C. Griffith, 1974 
California 

B. L. Martz, 1974 
tndiana 

Henry D. Mcintosh, 1975 
Texas 

Fred D. Ownby, 1974 
Tennessee 

Joseph K. Perloff, 1974 
Pennsylvania 

Brendan P. Phibbs, 1973 
Arizona 

Philip Samet, 1975 
Florida 

Arthur Selzer, 1975 
California 

James F. Spann, Jr., 1974 
Pennsylvania 

John A. Spittell, Jr., 1975 
Minnesota 

Borys Surawicz, 1975 
Kentucky 


Heart House Committee 
B. L. Martz, chairman, 1974 
Indiana 
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-Heart House Committee 
{continued) 
Forrest H. Adams, 1974 
“California 
= Simon Dack, 1974 
New York 
: E Grey Dimond, 1974 
“Missouri 
_ Donald A. Dupler, 1974 
Pennsylvania 
< Charles Fisch, 1974 
indiana 
-Samuel M. Fox, (11,1974 
District of Columbia 
George C. Griffith, 1974 
0. California 
«Dwight E. Harken, 1974 
< Massachusetts 
Wiliam Likoff, 1974 
ao Pennsylvania 
Dean T. Mason, 1974 
California 
“William C. Roberts, 1974 
: Maryland 
William A. Sodeman, 1974 
Pennsylvania 
. Paul’ Dudley White, 1974 
ci Massachusetts 
“Henry A. Zimmerman, 1974 
“Ohio 


‘International Education. Committee 
Eliot Corday, chairman, 1974 
“. California 
Nemat 0. -Borhani, 1975 
„Galifornia 
“<< Herman K. Hellerstein, 1974 
Ohio 
> Robert D, Leachman, 1973 
Doc Texas 
ni Fo Mason Sones, Jr., 1973 
= Ohio 







Protessional Communications Committee 
` Bernard L. Segal, chairman, 1974 
Pennsylvania 
Dale Groom, 1973 
Oklahoma 
James R. Jude, 1975 
so Florida 
<x Richard D. Judge, 1973 
Michigan 
> Ben: D. McCallister, 1974 
Missouri 
Max Harry Weil, 1974 
= Galifornia 


_ Publications Committee 
“John Ross, Jr., chairman, 1974 
< California 
“Simon Dack (ex-officio) 
‘New York 


>. George C. Morris, Jr., 1973 


Texas 
Saul J. Robinson, 1973 
California 


Publications Committee 

(continued) 

Burton E. Sobel, 1974 
California 


Self Assessment Committee 
Charles Fisch, chairman, 1973 
Indiana 
R. Joe Nobel, 1973 
Indiana 
Arthur Selzer, 1973 
California 
Borys Surawicz, 1973 
Kentucky 


Trainee-Scholars Committee 
James C. Hunt, chairman, 1973 
Minnesota 
John B. Johnson, 1973 
District of Columbia 


ANNUAL MEETING COMMITTEES 


1973 Scientific Program Committee 

John Ross, Jr., chairman, 1973 
California 

Forrest H. Adams, 1973 
California 

W. Gerald Austen, 1973 
Massachusetts 

J. Thomas Bigger, Jr., 1973 
New York 

Anthony N. Damato, 1973 
New York 

Harold T. Dodge, 1973 
Washington 

Harvey Feigenbaum, 1973 
Indiana 

Charles Fisch, 1973 
Indiana 

Samuel Kaplan, 1973 
District of Columbia 

Donald C. Harrison, 1973 
California 

Richard.D. Judge, 1973: 
Michigan 

Samuel aplan, 1973 
Ohio 

Suzanne B. Knoebel, 1973 
indiana 

Glenn A. Langer, 1973 
California 

Wiliam Likoff, 1973 
Pennsylvania 

Dean T. Mason, 1973 
California 

Robert A. O'Rourke, 1973 
California 

Joseph K. Perloff, 1973 
Pennsylvania 

Charles E. Rackley, 1973 
Alabama 

William C. Roberts, 1972 
Maryland 

Burton E. Sobel, 1973 
California 
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1973 Scientific Program Committee 
(continued) 


Edmund H. Sonnenblick, 1973 
Massachusetts 

Clarence 5, Weldon, 1973 
Missouri 


Young Investigator’s Competition 

Committee 

J. A. Abiidskov, chairman, 1973 
Utah 

Edward W. Hawthorne, 1973 
District of Columbia 

Sam A. Threefoot, 1973 
Georgia 

Robert F. Zelis, 1973 
California 


AD. HOC COMMITTEES 


Ad Hoc Committee on Cardiovascular 
Surgery 
Robert G, Carlson, chairman 
New York 
Richard D. Lillehei 
Minnesota 
George C. Morris, Jr. 
Texas 
Donald G; Mulder 
California 


Ad Hoc Committee on Mace 


William A. Sodeman, chairman 
Pennsylvania 

Clifford: B. Cherry 
California 

George C. Griffith 
California 


Ad Hoc Committee on Pediatric 

Cardiology 

Samuel Kaplan, chairman 
Ohio 

Dan G. McNamara 
Texas 

Saul.J. Robinson 
California 

Ramon Rodriguez-Torres 
New York 

Herbert D. Ruttenberg 
Utah 


Ad Hoc Committee to Review FDA 
Guidelines for Anti-Arrhythmic 
Drugs 


Charles Fisch, chairman 
indiana 

JohaJ.Curry 
Maryland 

Borys Surawicz 
Kentucky 


COLLEGE REPRESENTATIVES TO 
OTHER ORGANIZATIONS 


American College of Chest Physicians 
Liaison with Government Relations 
Committee 

Sylvan L. Weinberg 





College. Representatives to Other 
Organizations. 
(continued) 
- American College of Surgeons 
< C. Walton Lillehei 
American Heart Association 
~ Council on Clinical Cardiology Coronary 
‘Care Committee 
William J, Grace 
‘Sylvan L. Weinberg 
Joint Officers Committee 
Samuel M, Fox, II! 
William D. Nelligan 
Hd. C. Swan 


American Medical Association 
Current Medical Terminology Project 
Bernard L. Segal 
Provisional Section on Cardiovascular 
Disease 
George E. Burch 


Audio Engineering Society 
Stethoscope Standards Subcommittee 
Dale Groom 


Inter-Society Commission on 
Heart Disease Resources 
William Likoff 
Harry F. Zinsser 


COLLEGE NEWS o 


Inter-Society Committee on 
Multiphasic Health Screening 
David M. Berkson 
Sylvan L. Weinberg 


National Society for Medical 
Research Council 
Wiliam H. Wehrmacher 


National Heart and Lung Institute 
Liaison with Institute Director 
Samuel M. Fox, IHI 
H. J-C. Swan 
Sylvan L. Weinberg 


Membership in the American College of Cardiology 


‚The American College of Cardiology mem- 
bership includes physicians and scien- 
tists working together to promote the 
continuing education of physicians con- 
cerned with cardiovascular disease. Its 
single purpose is to encourage the de- 
-velopment of learning experiences de- 
Signed to update knowledge and clinical 
behavior of physicians, surgeons and 
scientists, thereby promoting high quality 
health: care ‘delivery through. application 
of new information, 

The College attempts to accomplish 
«this objective through a balanced array of 
< programs: including the Annual Scientific 

Séssion, consisting of reports. of original 
“research, lectures, core curricula, panel 
_ discussions, clinical demonstrations, small 
“seminars: with. master teachers, films, 
self-assessment testing and. © scientific 
“and technical exhibits; some 30 regional 
‘scientitic seminars of 1 to 10 days’ dura- 

tion; the official monthly publication of the 

College, The American Journal of Car- 
¿ diology; ACCESS, a multi-media journal 
which features a monthly audio cassette 

tape; international Circuit: Courses (co- 
sponsored. by the U. S. Department of 

State} presenting up-to-date information 

on cardiovascular disease to medical 


communities in foreign countries; and spe- 
cial Bethesda Conferences designed to 
encourage the exchange of ideas on poli- 
cies: concerning the practice of cardiology 
and matters affecting service, investiga- 
tion and training relative to cardiovascu- 
lar disease. 

Membership in the College provides 
several direct advantages relating to the 
above objective: subscription to The 
American Journal of Cardiology, waiver of 
the registration fee for attendance at the 
annual scientific session, reduced fees for 
attendance at regional continuing educa- 
tion programs, reduced subscription rate 
for ACCESS, and receipt of College news. 

The College has 3 categories of mem- 
bership: Fellowship, Associate Fellowship 
and Affillate. Fellowship acknowledges 
that the individual has achieved a signif- 
icant degree of professional maturity in 
cardiology, and that his primary medical 
interest is the prevention and treatment of 
this disease. Accordingly, election to 
Fellowship is recognition of achievement, 
not of promise. Depending upon such fac- 
tors as training, acknowledgment of abili- 
ties by peers, and age, individuals are 
elected io membership at the Associate 
Fellowship or Affiliate level. Election to 


Associate: Fellowship recognizes those 


individuals who have completed formal 


training in cardiology and are qualified for 
the subspecialty boards; the category of 
Affiliate recognizes younger individuals: 
who exhibit an interest in cardiology by 
participation in a cardiology training pro- 
gram, as well as older individuals whose 
practice is predominately cardiology but 
who have had limited formal specialty 
training. 


The future strength ahd health of the ~ 


organization is largely dependent upon the» 
quality of the young cardiologists, cardiac 
surgeons, cardiovascular radiologists and: 
basic scientists who become participating: 
members. Therefore, we encourage mem- » 
bership for those individuals still in 
training programs and hope for their active 
interest in College affairs. 

Further information on the procedure 
for making application to the College can 
be obtained by writing Mrs. Nancy A: Bish, 
director, Membership Department, Ameri- 
can College of Cardiology, 9650 Rock- 
ville Pike, Bethesda, Md, 20014. 


DONALD C. HARRISON, MD, FACC 
Chairman, Membership Committee 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


@ Address manuscript to Simon Dack, 
“MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

è Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
~ quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 814 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


« Number title page as page 1. 

o Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

+ Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ."' followed by 
full name and address with zip code. 


THE ABSTRACT 


« Limit words as follows: 100 to 250 

words for major articles; 50 to 100 

words for case reports. 

< .@ Add at end of abstract: an alpha- 

=o betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
ə Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm,. kcal 
and the like) as recommended in the 
Style Manual for Biological. Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 
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The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced.in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


o Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 

e Type in duplicate; double-space. 
è Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


« Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
ə Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


è Give each table a number (in roman 
numerals: Table |, IH, etc.) and a title. 
Number the tables in order in which 
they. are mentioned in the text. 

o Provide a footnote to each table— 
identifying in alphabetical order ali 
abbreviations used. 


THE FIGURES 


@ Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 
« Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 
e Use arrows to designate special fea- 
tures, ' 
e Crop. photomicrographs to show 
only essential field. 
e Identify figures on back by num- 
ber and author’s name. 
e Number figures in order in which 
they are mentioned in the text. 
o Indicate top of each figure. 
e Submit. written permission from 
publisher and. author to reproduce 
any previously published figures. 
e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 
31, Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 2506254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than. author of article): 
28, Schiebler GL, Van Mierop LHS, Krovetz. LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed), Baltimore, 
Williams & Wilkins, 1968, p 13 


For books (with identical author and editor): 
36, Berne E: Principles of Group Treatment, New 
York, Oxford University Presa, 1966, p 26 


(Author: all book references should have specific page numbers) 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY AUDIO TAPE PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 
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= TRS aI 
THE AMERICAN COLLEGE OF 

CARDIOLOGY EXTENDED STUDY SERVICES 






$ 


An audio cassette tape service which brings 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of 
cardiovascular disease to its subscribers each month. Panel discussions, 
interviews with noted authorities, self-assessment, 35 mm slides 

and a monthly personal continuing education notebook are supplied 
as part of this exciting professional service. 
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Join the more than 4,000 subscribers who are listening each month. 
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Experiences with Myocardial Revascularization Pro- 
cedures 
W- podiey Johnson, M.D. and Robert W. Oblath, 
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~e Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


Please enter my one year (12 issues) subscription to ACCESS 











| enclose Sumama for the plan checked below: INN aaa lenire i e a Enel late 
(Please print) 
PLAN A 
CASSETTE TAPES WITH Subscription Address. Pa SP OP A TE Da 
GENERAL ELECTRIC PLAYER/RECORDER a Street 
C] ACC member, $105 
Lion member, A i A Aca a a Zip Cole 
PLAN B 
CASSETTE TAPES ONLY Type of Practice. eee ase ee ee Oe 
C] acc member, $60 Check Ua tiae to the american ae of Cardiology should 
accompany this application and be forwarded to: ACCESS, American 
CO Non-member, $70 College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014, 


(U.S. Funds) Payment in full must accompany all subscription orders. 
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General Electric patient monitoring equipment 
is designed and coordinated to meet specific 
needs. Systems range from the basic, multi- 
purpose Emergency Cart to a complete Intensive 
Care system providing a continuous flow of life- 
saving information. 


Easy-to-use GE systems are straightforward and 
uncomplicated—because they are more sophis- 
ticated in design and construction. Every com- 
ponent is engineered for reliability, long life and 
patient safety. 


The General Electric Information Environment— 


Emergency. GE answers the need for fast 
action and rapid diagnosis with a system 
providing vital physiological data on-line in 
real time. 


Coronary Care. There's a GE system for 
every stage of coronary care—an Information 
Environment designed for safety, dependa- 
bility, accuracy, and electronic stability. And 
now you can include General Electric’s non- 
fade displays, which provide a bright, sharp, 


continuous trace—12 seconds of valuable di- 
agnostic information. 


Intermediate Coronary Care. GE offers an 
ICCU telemetry system for monitoring am- 
bulatory heart patients who have progressed 
beyond the acute stage. 


Surgery. General Electric recommends a 
factory-assembled monitoring system incor- 
porating essential parameters specific to the 
operating room environment. 


Intensive Care. Designed for easy use by 
nurses, GE’s multi-parameter, on-line systems 
make possible more efficient health care 
management of more patients. 


When your hospital has GE equipment, you get 
GE service. And that means round-the-clock 
availability of the nation’s largest medical elec- 
tronics service organization. All you do is pick 
up the phone and call us. We take it from there. 


General Electric Medical Systems 
Milwaukee, Toronto, Liege 


GENERAL QA ELECTRIC 








| A Cooperative Reader Service of The American Journal of Cardiology | 








Circulation 
VOL. XLVI AUGUST, 1972 NUMBER 2 
CONTENTS 


EDITORIALS: 


Total Anomalous Pulmonary Venous Drainage: Success Story at Last. Mary Allen Engle 
Noncardiogenic Forms of Pulmonary Edema. Joel S. Karliner 


ORIGINAL ARTICLES: 


Electrical Stimulation of the Heart in Patients with Ventricular Tachycardia. Hein J. Wellens, Reinier M. 
Schuilenburg, and Dirk Durrer 


The Mitra Apparatus: Functional Anatomy of Mitral Regurgitation. Joseph K. Perloff and William C. 
oberts 


Chronic Hemolysis following Fascia Lata and Starr-Edwards Aortic Valve Replacement. Kamal S. Dave, 
Chand K. Madan, Brojesh C. Pakrashi, Byron E. Roberts, and Marian |. lonescu 


Cardiac Surgery in Infants Less than Six Weeks of Age. L. Henry Edmunds, Jr., Noel H. Fishman, George A. 
Gregory, Michael H. Heymann, Julien |. E. Hoffman, Saul J. Robinson, Benson R. Row, Abraham M. 
Rudolph, and Paul Stanger 


Systemic Arterial Blood Pressure during Exercise in Patients with Atherosclerosis Obliterans of the 
Lower Limbs 


Ehehemangn of Supernormality in the Human Heart. Rashid A. Massumi, Ezra A, Amsterdam, and Dean 
.Mason 


Gross Anatomy Associated with Patterns called Left Posterior Hemiblock. A. Wade Strickland, Leo G. 
Horan, and Nancy C. Flowers 


Relationship of Pulmonary Artery to Left Ventricular Diastolic Pressures in Acute Myocardial Infarction. 
Shahbudin H. Rahimtoola, Henry S. Loeb, Ali Ehsani, M. Ziad Sinno, Ruben Chuquimia, Roshan Lal, 
Kenneth M. Rosen,and Rolf M. Gunnar 


An Indirect Method for Evaluation of Left Ventricular Function in Acute Myocardial Infarction. Clarence 
M. Agress, Stanley Wegner, James $. Forrester, Kanu Chatterjee, William W. Parmley, and H. J.C. Swan 


Current Results of Operation for Mitral Stenosis: Clinical and Hemodynamic Assessments in 124 Con- 
secutive Patients Treated by Closed Commissurotomy, Open Commissurotomy, or Valve Replacement. 
Edward M. Mullin, Jr., D. Luke Glancy, Lawrence M. Higgs, Stephen S. Epstein, and Andrew G. Morrow 

Discrete Subaortic Stenosis. D. T. Kelly, E. Wulfsberg, and Richard D. Rowe 


Coronary Artery Occlusion in the Conscious Dog: Effects of Alterations in Heart Rate and Arterial Pres- 
sure on the Degree of Myocardial Ischemia. David R. Redwood, Eldon R. Smith, and Stephen E. Epstein 


Alteration of Glucose and Insulin Metabolism in Congenital Heart Disease. Gershon Hait, Marina Corpus, 
Francois R, Lamarre, Shang-Hsien Yuan, Jindrich Kypson, and Grace Cheng 


Total Anomalous Pulmonary Venous Drainage in Infants: I. Clinical and Hemodynamic Findings, Meth- 
ods, and Results of Operation in 37 Cases. D. M. Behrendt, E. Aberdeen, D. J. Waterston, and R. E. 
Bonham-Carter 


Total Anomalous Pulmonary Venous Drainage: Il. Spontaneous Functional Closure of Interatrial Com- 
munication after Surgical Correction in Infancy. Eric D. Silove, Douglas M. Behrendt, Eoin Aberdeen, and 
Richard E. Bonham-Carter 


Common Pulmonary Vein Atresia: Premortem Diagnosis in Two Infants. Richard E. Hawker, John M. 
Celermajer, Don C. Gengos, Timothy B. Cartmill, and J. Denby Bowdler 


The Conotruncus: l. Its Normal Inversion and Conus Absorption. Daniel A. Goor, R. Dische, and C. Walton 
Lillehei 


The Conotruncus: II. Report of a Case Showing Persistent Aortic Conus and Lack of Inversion of the 
Truncus (A Bulboventricular Heart). Daniel A. Goor and Jesse E. Edwards 


SPECIAL ARTICLE: 
Pulmonary Edema: The Water-Exchanging Function of the Lung. Alfred P, Fishman 


CLINICOPATHOLOGIC CORRELATIONS: 


Surface Thrombosis and Fibrous Encapsulation of Intravenous Pacemaker Catheter Electrode. Anton E. 
Becker, Mies J. Becker, David G. Claudon, and Jesse E. Edwards 


BOOK REVIEWS 
BOOKS RECEIVED 


LETTERS TO THE EDITOR: 
Bundle of His Recordings in Congenital Complete Heart Block. Warren G. Guntheroth 




















American Optical: ; 
Electrocardiography instruments 
that go where you go. 


The CARDIOSCRIPT IV ‘single channel electrocardiograph is 
designed to go everywhere it’s needed. Rechargeable battery, full 
accessory complement plus convenient carrying case put this 
outstanding instrument to work in the office, in the ambulance, on 
the ward, or in any other area where diagnostic ECG’s are of 
importance. And the performance is great: extremely high 
frequency response with the ability to record heart sounds and 
external pulses by themselves or with ECG R-wave super- 
imposed. No heat or ink is necessary and the operating 
costs are minimal. 
The superb engineering and craftsmanship are your 
assurance of performance and reliability. The CARDIO- 
SCRIPT IV is a truly portable, precision electro- 
cardiograph. For complete data on this and other 
advanced multi-channel electrocardiography and 
phonocardiography instrumentation, contact 
The Medical Division, American Optical 
Corporation, Crosby Drive, Bedford, 
Massachusetts 01730. 


Eonar OPTICAL 
CORPORATION 
@ MEDICAL DIVISION 


fine medical instruments to extend man’s life 











the clinical ma agemi tof cardiogenic shock... 
Cardiassist iia 


EXTERNAL PRESSURE GIRGULATORY ASSIST 


Fis 
CARDIASSIST is an external pressure circulatory assist device for producing counterpulsation to augment cardiac output, 
preferentially perfuse the myocardium and enhance perfusion of other vital organs in the treatment of myocardial ischemia and the 
management of cardiogenic shock. Unlike other earlier modalities of circulatory assist by counterpulsation, CARDIASSIST requires no surgical 
intervention or sterile procedures, no anesthesia or anticoagulants, and produces no measurable trauma. It is portable, quiet in operation, 
and can be applied in minutes, making it entirely compatible for use in emergency situations. 


For more detailed information on the CARDIASSIST method of external. pressure circulatory assist, write Medical Innovations, Inc., 
Dept. AJC , 69 Hickory Drive, Waltham, Mass. 02154. Telephone (617) 890-4266. Cable Address: MEDINCORP, Waltham, Mass. U.S.A. 
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Dialose Plus has no pits... 


(diocty! sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 





Andnopitfalls, either,inthe management And Dialose Plus softens and lubricates, 





of the constipated cardiac patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose® (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose)—for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 


N STUART PHARMACEUTICALS | Pasadena, Calif.91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 





A-52 


for clinical 
applications 


e Designed for clinical O.R. 
or cath lab use 


® Easily applied handle- 
type probe 


@ Patient safety assured 


through isolation circuitry 


@ Simple to operate - 


minimum controls - direct 
meter readout in milliliters 


for 
clinical 
applications 


® Convenient, handle-ty pe 
probe with positive 
capture slide 


® Designed for O.R. and 
cath lab use 


® For rapid analysis of 
flow through exposed 
blood vessels 


@ Use with Biotronex 
clinical blood flowmeter 


FLOW 
PROBES 


applications 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 


@ Iron core construction 
provides high sensitivity 
and accuracy 


® Operates with BLI 
research and clinical 
blood flowmeters 


@ Available in sizes to fit 


per minute 





most tubing 


Biotronex Laboratory, INC... 1153 Brookville Rosd Silver Spring, Maryland 20910 Phone: 301/588-6400 





NEW 
- ARTERIAL 
CLAMP 


controls 
bleeding 
safely 


The COMPRESSAR 


Mechanical pressure technique 
saves valuable time after 
trans-femoral catheterization 


@ Replaces finger pressure method. 
Saves valuable time for radiologists, 
cardiologists, angiographers. Frees 
hands for other important duties. Elimi- 
nates hand and arm fatigue. Checks 
bleeding safely through application of 
uniform pressure by reusable sterile 
disc. Disc is transparent for easy ob- 
servation of affected area. Arm locks 
positively. No variance of pressure. 
Releases easily, too. Compressar ma- 
terials withstand autoclaving tempera- 
tures and heavy pressure. $84.00 


Available solely from Instromedix, Inc. (503) 
228-4384. Phone or send order now, or write 
for information. 


INSTROMEDIX,INC. 


2330 N.W. Flanders» Portland, Ore. 97210 


ELS ECG SENSOR 











Ussfat 


instant 









2 identifies arrest 
in 3 seconds 


~~ 


use it ; 
anywhere $325 


1. Shows five important diagnostic 
rhythms: Ventricular fibrillation, asys- 
tole, sinus, idioventricular rhythm, or 
tachycardia. 

2. Instant response — less than three 
seconds. 

3. No limb leads, electrode paste or 
patient preparation. 

4. Simplicity — nurses, LPN's,and other 
paramedical personnel quickly learn to 
use the QRSstat. 

5. Patient safety — battery operated. 

6. Small size—fits doctor's bag. 

7. Telephone transmission capability. 
Send or phone your order this week or 
write for information. Available solely 
from Instromedix. (503) 228-4384. 


INSTROMEDIX,INC. 


2330 N.W. Flanders» Portland, Ore. 97210 








Introducing 


Nitr oStat nitroglycerin) 
‘potency-protected’ 
sublingual nitroglycerin 


tablet Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglycerin 

you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 





@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
Range—97 to 110.89% label claim; 
average—104.49% 


-Æ Assay values for each of 30 tablets assayed 
separately. Tablets stored with filler in bottle, 
Range—87.8 to 108.6% label claim; 
average—99.68% 


| Assay range—four additional lots stored without 
filler in bottle 


i Assay range—four additional lots stored with 
I filler in bottle 


PARKE-DAVIS ot 


PARKE, DAVIS & COMPANY Label 
Detroit, Michigan 48232 


PA-665 113772 


Statham’s modular patient monitors are 
UL Listed. 

Since not all monitoring systems are UL 
Listed, that’s good to know. 

The fact is, when it comes to patient and 
operator safety, no one cares more than 
Statham. And when it comes to performance, 
Statham systems deliver more, too. 

Our plug-in, plug-out modularity maximizes 
application flexibility. And minimizes 
downtime. 

And for extra assurance of uninterrupted 
service, Statham systems are backed by a 
nationwide network of factory-trained service 
engineers. 

For complete information, contact 
Statham today. 


Shouldn't the patient 


monitors on UL’s list 
also be on yours? 





Statham Instruments, Inc., Medical Division, 
2230 Statham Blvd., Oxnard, Calif. 93030 / 
(805) 487-8511. In Europe: Godart-Statham, 
N. V., Bilthoven, Holland. 





< I'd like to know more about Statham’s UL Listed monitors. 


Title 





Name 


Hospital 
Address n 
State 


City a 


Telephone ——_______ 
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Cardiovascular 
Medicine: 
A New Program 


a new attack 
on heart attacks 


The Cardiology Division of the Stanford University School of Medicine 
is participating in a new program with NASA to apply aerospace 
technology for the solution of significant problems related to Cardio 
vascular Medicine. 

The program is designed to assist physicians and those involved ir 
clinical research by making advanced technology and expertise avail 
able. Specific physicians and aerospace engineers working as a tean 
constitute the Biomedical Technology Transfer Program at Stanfor¢ 
University and act as the interface between the problem originators anc 
sources of NASA Technology. Following visitation and consultatior 
these medical engineering teams systematically search NASA data bank 
and the NASA field centers for relevant technology. Emphasis of thes 
teams is directed toward implementing the transfer of identifiable spac: 
technology. 

These services are available at no charge. Selection of problems i 
based on significance to broad base needs and to potentially share: 
contributions in related fields of Cardiovascular Medicine. 

The key points of this program are to: 

(a) make advanced technology and new knowledge generated b' 

NASA available to the private and public health sector. 

(b) reduce the time span between development of new technolog 
and its broad and effective utilization. 

(c) provide valid and novel problem solutions in both the clinici 
and research sciences which are directed to health care deliver 
and overall advancement of the quality of medicine. 

The medical community is encouraged to submit problems for cor 

sideration in this program to any one of the three Biomedical Tecl 
nology Transfer teams: 


O Stanford University School of Medicine 
Division of Cardiology 
701 Welch Road, Suite 3303 
Palo Alto, California 94304 


O Research Triangle Institute 
P.O. Box 12194 
Research Triangle Park, North Carolina 27709 








O Southwest Research Institute 
8500 Culebra Road 
San Antonio, Texas 78228 


TECHNOLOGY TRANSFER PROCESS 





The first 
continuous ECG 
that gets to the hospital 

| long before 
the patient does. 


ER Vane toes paeceeeeateest 


BEROIEN 


Coronary Observation Radio (C.O.R.) is a 


new technique in pre-hospitalization cardiac 


care using portable 2-way radio and a 
mobile radio repeater. It continuously 
transmits the ECG of a patient in his home 
or in an ambulance to a cardiologist in a 
hospital. He interprets the monitor scope 
display or ECG rhythm strip, and radios 
appropriate directions back to the 
ambulance technician. 

C.O.R. It gives you continuous control 
where there was none before. 

Brochures available from Department 10, 
1301 East Algonquin Road, Schaumburg, 
Illinois 60172. 
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Help for all patients 


Bellet: 
ESSENTIALS OF CARDIAC 
ARRHYTHMIAS 


Diagnosis and Management. A ptactieal guide to basic prin- 
ciples. Chapters include the discussion of individual arrhy- 
thmias: sinus irregularities, atrial flutter and fibrillation, 
premature beats, paroxysmal atrial tachycardia, A-V heart 
block, cardiac arrest and others. Data given on the ECG, 
esophageal leads, Doppler technique, and His bundle re: 
cordings. Sections on clinical states and therapeutic pro- 
cedures follow. Contains pertinent insights into those clin- 
ical states in which arrhythmias frequently occur—syncopal 
attacks, exercise, electrolyte disturbances, and acute myo- 
cardial infarction. : 


By Samuel Bellet, M.D., Late Professor of Clinical Cardiology, Univ. of Penna. 
School of Medicine. About 465 pages,.235 figures. About $16. Ready Sept. 


Ellison & Restieaux: 
-VECTORCARDIOGRAPHY IN 
CONGENITAL HEART DISEASE 
_ A Method for Estimating Severity 


A new guide to non-invasive assessment of aortic and pul- 
“monary stenosis, septal defects, tetralogy of Fallot, and 


other abnormalities. The authors explain how measurement 
of spatial voltages by the Frank vectorcardiogram are ob- 


“tained; how various hemodynamic states are reflected by it; 


and how its useé-can complement or even replace cardiac 
catherization in diagnosis and screening. 
By R. Curtis Ellison, M.D:, Assoc. in Cardiology, Children's Hospital Medical 


Center, Harvard Medical School; and Norma J. Restieaux, M.B., Ch.B. Senior 
Lecturer, Univ: of Otago Medical School, N.Z. 209 pp., 138 figs. About $15 


Just Ready. 


‘Help for small patients 


Nadas & Fyler: 


PEDIATRIC CARDIOLOGY 
New 3rd Edition — 


Revised to reflect the recent advances in-clinical recognition 
and management of heart disease in children. Special atten- 
tion is given to the latest procedures in radiology of the 
heart, electrocardiography, and. cardiac catheterization: Ex- 
tensive data on managing acute’rheumatic fever, rheumatic 
heart disease, bacterial endocarditis, arrhythmias, myocardial 
diseases, diseases of the pericardium, congestive failure and 
other disorders. K 

By Alexander S. Nadas, M.D., Prof. of Pediatrics. and Donald C. Fyler, M.D., 


Assoc. Prof. of Pediatrics, both of Children’s Hospital, ‘Harvard. Medical School. 
749 pp., about 580 figs. About $22. Just Ready. 


An Audiovisual Self-Teaching Program— 
Schmidt & Khoury: 
PEDIATRIC CARDIOLOGY 


Unit I: Cardiac Examination of the Child. Complete coverage 
of the fundamentals of cardiac examination, pediatric cardiac 
history, present illnesses, and family history. Special attention 
is given to clinical signs for tetralogy of Fallot, Down's syn- 
drome, Mongolism, A-V canal defects, Turner's syndrome, 
Rubella syndrome and much more. 


Unit Il: Rheumatic Fever in Children. Complete review of 
diagnosis and treatment, Discussions focus around the Jones 
criteria—carditis, polyarthritis, chorea, erythema marginatum, 
subcutaneous nodules, plus emphasis on cardiac pathology 
and individual case studies. 


By Roland Schmidt, M.D.. Assoc. Prof. of Pediatrics, and George H. Khoury, M.D., 
Prof. of Pediatrics; both of West Virginia Univ. School of Medicine, Each Unit 
contains one 50-frame filmstrip, one C-60 tape with booklet. Unit | and II. About 
$75. Ready September. 


W. B. SAUNDERS COMPANY 


West Washington Square, Philadelphia, Pa. 19105 


Please send & bill me: 





1692 Bellet: ESSENTIALS OF ARRHYTHMIAS About $16. 
[_] 3363 Ellison: VECTORCARDIOGRAPHY About $15. 
[] 6651 Nadas: PEDIATRIC CARDIOLOGY About $22. 








9832 Schmidt: PEDIATRIC CARDIOLOGY audiovisual About $75. 


Name : Address 





AJC 8-72 












otassium chloride 
olution.’ 
Kay Ciel Elixir is 





“The drug of choice 
for oral replacement 
of potassium is 











AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 





potassium chloride... 





COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during - 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


astes good too! 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


(COPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Digitalis in Acute Myocardial Infarction 
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Inthe treatment of 
atrial fibrillation... 


T one a to restore the rhythm. 


— 


“TENOS 





How to brake the heart. the modern 
3thod of choice for conversion of atrial fibrillation 
normal sinus rhythm is direct current countershock. 
aintaining normal sinus rhythm —and maintaining 
2 patient—is another matter. A “pharmacologic 
cemaker” that has a fundamental antiarrhythmic 
tion is Quinaglute® (quinidine gluconate). A specific 
‘maintaining normal sinus rhythm, Quinaglute 
s certain distinct advantages for long-term control: 


the unique Dura-Tab® construction permits 
idual release of quinidine gluconate to maintain 
‘rapeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
ps avoid middle of the night dosage and early 
rning reversion. 


Quinaglute Dura-Tabs are well tolerated with 
/ gastrointestinal disturbances 


UINAGLUTE Dura-‘Tabs’ 


Jinidine gluconate) 5 gr. (0.33 Gm.) 
“a pharmacologic pacemaker” 





Indications: For the prevention of premature atrial, nodal or vei 
For maintenance of normal sinus rhythm following conversion b 
atrial, nodal or ventricular tachycardia, atrial flutter and fibril 
chronic). 

Contraindications; Same as for other forms of quinidine, includii 
plete heart block; intraventricular conduction defects, especiali 
ing; sensitivity to quinidine; renal disease with significant azot 
cardiotoxic effects (conduction defects or ventricular prematt 
tachycardia, or flutter) while taking the drug; marked cardiac € 
gestive failure; poor renal function especially with tubular acid 
Precautions: Same as for quinidine. To detect idiosyncrasy, e 
skin eruptions, thrombocytopenic purpura, and respiratory emba; 
preliminary test dose of single tablet of quinidine sulfate. Use e 
tients with severe heart disease, congestive heart failure, digital 
insufficiency. Administer cautiously, if at all, to senile patients 
close observation, ECG monitoring and Possibly plasma quinid 
when administering large doses with patients presenting incre 
dosage regimen (see ‘‘Dosage’’) of 2 tablets every 8 hours, hig! 
necessary for maintenance of normal sinus rhythm could be re 
1 tablet every 12 hours, the blood levels may be too low to m 
rhythms. Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms ot 
(including tinnitus, decreased auditory acuity, vertigo, blurred vis 
disturbances, photophobia, diplopia, night blindness, scotom 
fields, mydriasis, and respiratory distress); the drug should be ı 
ately if such symptoms or evidence of hypotension occur. If gas 
ances (rarely reported) occur, they may be minimized by adminis 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the gt 
cardiovascular state of the patient. The quantity and frequency of 
be determined for each patient. For the prevention of premature 
tricular contractions, the dose usually ranges from 1 to 2 tablets 
For maintenance of normal sinus rhythm following conversion by 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hoi 
every 8 hours are usually required. The occasional patient may b 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours. Occasio 
frequent dosage may be required, but such increases should 
thorough evaluation of the patient, including serial electrocardiog 
tion of plasma quinidine levels. The ideal dosage is the minim 
dose and frequency of daily administration that will prevent prei 
Paroxysmal tachycardias, and maintain normal sinus rhythm. 
Supplied: Bottles of 100 and 250 tablets. 


Goper Cooper Laboratories, Inc., Wayne, N.J 
Ste. Therese, P.Q., Canada 
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Talwin 


pentazocine 


(as lactate) 





When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 
in patients with 
e chronic illness 
e advanced age 
e chronic obstructive 
lung disease 
e pleural effusion 
e cirrhosis 
e myocardial 
infarction 
e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 

e considerable 
blood loss 

e muscle relaxants 
for surgery 


„and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 


Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 


Injectable 





in moderate | 
to severe pain 


Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Available in 
30mg. 45 mg., and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards, Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient’s symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 
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against pain 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with sueh impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 








bulwark 


mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampul/s of 1 ml. (30 mg.) and 
1% ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 ml (60 mg.) in boxes of 25 and 
100. Each 1 ml. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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AS 


A 
CALMER 


OUTLOOK 
FOR THE 
CARDIAC 
PATIENT 





Helps relieve excessive anxiety 
that may accompany cardiac 
disease and impede recovery... 


prompt onset of action — usually 
within 15-30 minutes... 


may be used concurrently with 
digitalis... 


hypotensive reactions 

-are uncommon; hepatic or 
hematopoietic toxicity has not 
been reported with 
recommended dosage... 


although occasional drowsiness 
has been reported, mental 
alertness is seldom impaired... 


by relieving excessive 
anxiety, an h.s. dose 
helps encourage restful sleep. 


WHEN YOUR FINDING 
IS EXCESSIVE ANXIETY 


'4 ; 
LABORATORIES DIVISION 
PFIZER INC., NEW YORK. N.Y. 10017 


Please see Brief Summary on next page 
for further discussion of side effects and contraindications. 





A CALMER OUTLOOK... 


WHEN YOUR FINDING 
IS EXCESSIVE ANXIETY 


Vistaril srez 
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25 mg., 50 mg., 100 mg. capsules 


THE UNCOMPLICATED CALM 


BRIEF SUMMARY 

Contraindications: Hypersensitivity to hydroxyzine. The so- 
lution for intramuscular use must_not be injected sub- 
cutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, 
rat, and rabbit induced fetal abnormalities in the rat at 
doses substantially above the human therapeutic range. 
Clinical data in human beings are inadequate. Until 
adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this 
period. 

Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION OF 
CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS NAR- 
COTICS AND BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50%. Because 
drowsiness may occur, patients should be cautioned 
against driving a car or operating dangerous machinery. 
The usual precautions for intramuscular injection should be 
followed; soft-tissue reactions have rarely been reported 
when proper technique has been used. Hydroxyzine intra- 
muscular solution should be injected well within the body 
of a relatively large muscle. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., gluteus 
maximus), or the mid-lateral thigh. In children, preferably 
the mid-lateral muscle of the thigh. In infants and small 
children, the upper outer quadrant of the gluteal region 
should only be used when necessary, as in burn patients, 


in order to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well de- 
veloped, such as in certain adults and older children, and 
only with caution to avoid radial nerve injury. Injections 
should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intra- 
vascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually 
transitory and may disappear in a few days of continued 
therapy or upon dosage reduction. Dryness of the mouth 
may occur with higher doses. Involuntary motor activity, 
including rare instances of tremor and convulsions, has 
been reported, usually with ‘higher than recommended 
dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: Equiva- 
lent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. Vistaril 
(hydroxyzine pamoate) Oral Suspension: Equivalent to 
25 mg. hydroxyzine HCI per 5 cc. teaspoonful. Vistaril 
(hydroxyzine HCl) Intramuscular Solution: 25 mg./cc.— 
10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. vial; lsoject,* 
25 and 50 mg. per cc., 1 cc. per unit; 100 mg./2 cc. unit. 
More detailed professional information available on 
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Innovators of Sophisticated but Practical 
Diagnostic Systems to Help You Provide 
Better Patient Care Economically 


1. Dynamic Electrocardiographic Systems — Avionics Electrocardiocorders (Holter monitors) are 
available for continuous DCG recording of heart action of active ambulatory patients for 
periods of 4 to 24 hours, without changing tapes or batteries. Associated scanning equipment 
and/or services are also available. 


2. Stress Test Systems — Avionics treadmills, exercise telemetry, and compact monitors including 
scope, heart rate meter, S-T segment computer, strip-chart recorder, and automatic 
programmer are available for stress testing. 


3. Respiratory Gas Analyzer System — Now available from Avionics is a totally automatic compact 
system that provides a computerized minute-by-minute update of respiratory functions 
during physical stress testing. 


4. Automatic Blood Pressurometers — Avionics offers continuous, automatic Blood Pressure 
Monitors with five precalibrated sensitivity ranges for taking blood pressure across the complete 
spectrum of patient conditions ranging from stress testing to shock. 


O Please send literature on above items(s) (1)_-___ , (2) — EA i- eae "| | BREE 





O Contact me for a demonstration. 
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AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/ Phone: (213) 641-7700 
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CLINICAL STUDIES 


e 319 Myocardial Dysfunction Associated with Valvular Heart Disease 


FRANK J. HILDNER, ROGER P. JAVIER, LAWRENCE S. COHEN, PHILIP SAMET, 
MARTIN. J. NATHAN, WILLIAM Z. YAHR and JACK J. GREENBERG 


Left ventricular dysfunction may occur ina high percentage of patients with pure mitral stenosis, as. a rex 
sult of intrinsic myocardial disease. Although 86 percent of 71 patients were in improved condition after: 
surgical valve replacement; 56 percent demonstrated. myocardial dysfunction. Postoperative myocardial 
contractile abnormalities in’ previously. normal patients, as found in this study, suggest an intraoperative 
Cause, perhaps related to cardiopulmonary bypass. : i 


327 «Effects of Amy! Nitrite on Coronary Arterial Blood Flow Velocity in Man 


ALBERTO BENCHIMOL, KENNETH B. DESSER and JOHN L. GARTLAN, Jr. 


Doppler ultrasonic flowmeter catheter, studies in 21 patients (8 with coronary artery disease) after amyl 
nitrite inhalation.demonstrated in all cases an appreciable increase in.diastolic..coronary. arterial phasic 


blood flow velocity within. 10 seconds. These data suggest an important attribute of nitrites is their ability 
to increase coronary arterial blood flow. : 


“334 Nature of the Conduction Disturbance in Selective Coronary Arteriography and Left Heart 
Catheterization — 


MAURICIO B. ROSENBAUM, RALPH SHABETAI, KIRK L, PETERSON and ROBERT A. O'ROURKE 


This study of 16 patients demonstrates the development of parietal block pattern during coronary arteri- 
ography and jeft antérior divisional block during left ventricular catheterization. Selective opacification of 
the coronary arteries did not affect the intraventricular conduction fascicles or Purkinje fibers. 


338 Mear Electromechanical AP / At. An Indirect Index of the Peak Rate of Rise of Left Ventricular 
Pressure 


GEORGE DIAMOND, JAMES S. FORRESTER, KANU CHATTERJEE, STANLEY WEGNER and 
H. J. C. SWAN 


in 18 patients with acute myocardial infarction studied by pulmonary arterial and left ventricular cathe- 

terization mean electromechanical AP/ At proved accurate and useful as an. indirect index of left ven- 
tricular dP/dt and of the functional state of the left ventricle. The mean electromechanical AP/ At is of 
practical clinical use in the management of patients with acute myocardial infarction. : 
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To convert to normal sinus rhythm, 
and maintain...and maintain...and maintain... 


CARDIOQUIN ne: 


(quinidine polygal 
Low B.I.D. or T.I.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY— INDICATIONS: Prevention and termination of atrial fibrillation, atrial flutter, atrial premature con- 
tractions, paroxysmal atrial tachycardia, paroxysmal ventricular tachycardia, premature ventricular contractions. 
CONTRAINDICATIONS: 1) Absolute: Complete atrioventricular heart block or history of previous sensitivity reactions. 
2) Relative: Partial a-v and bundle branch block, severe cardiac failure and hypertrophy, chronic valvular disease, 
subacute bacterial endocarditis, acute infection, advanced age. PRECAUTIONS: The same as with all quinidine salts. 
Frequent ECG recommended; discontinue drug if ECG shows conduction system defects. Decrease dosage if signs 
of cinchonism develop. Initial therapeutic dose should be used as test dose for possible hypersensitivity. COMPOSI- 
TION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 275 mg.) is equivalent in quinidine content to 3 grains 
quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be adjusted to individual needs, both for conver- 
sion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate arrhythmias, and may be repeated in 
3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be increased by ¥ to 1 tablet 
(137.5 to 275 mg.) and administered three to four times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED: 
Uncoated, scored tablets in bottles of 50. 
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ee -343 Echocardiographic Analysis of Mitral Valve Motion in Atrial Septal Detect 


MASANOBU KAMIGAKI and NORA GOLDSCHLAGER 


All 11. patients with secundum atrial septal defect subjected to echocardiographicstudy of mitralvaive 
motion demonstrated abnormal motion of the valve leaflets primarily involving the posterior leaflet. These 
echocardiographic findings are unique to atrial septal defect and do not correlate with age, left ventricular 
stroke index, right ventricular chamber dimension or pressure or amplitudes of motion of the abnormally 
moving interventricular septum. 


349 Ventricular Septum in Right Ventricular Overload. An Echocardiographic Study 


RICHARD A. MEYER, DAVID C. SCHWARTZ, GEORGE BENZING, II! and SAMUEL KAPLAN 


Echocardiographic data obtained pre- and postoperatively suggest that the abnormal septal motion ob- 
served in 18 of 21 children with right ventricular volume. overload is most likely related to marked dilatation 
of the. right ventricle and exaggerated anterior movement of the entire heart during systole, producing a 
net anterior motion in. systole. The normal posterior septal motion during systole returned postoperatively 
in 12 patients. 


354 Vectorcardiographic Study and Anatomic Observations of 21 Cases of Ebstein's Malformation of 
the Tricuspid Valve 


DAVID BIALOSTOZKY, GUSTAVO A. MEDRANO, LUIS MUNOZ and: RAUL CONTRERAS 


Vectorcardiographic and anatomic analysis of 21 cases of Ebstein's malformation of the tricuspid valve 
indicates this anomaly is a generalized disturbance in the development of the right and, in some cases, 
the left ventricle. Fibrosis in the medial posterior and superior portions of the ventricular septum explains 
the reduced and: abnormal direction of the initial QRS forces. Left ventricular enlargement was diagnosed 
in almost 50 percent of cases. 


EXPERIMENTAL STUDIES 


362. ‘Effect of Nitrate Infusions on the Systemic and Coronary Circulations Following Acute 
Experimental Myocardial Infarction in the Intact Dog 


ALLEN B. WEISSE, ADOLPH SENFT, MOHAMMAD |. KHAN and TIMOTHY J. REGAN 


Isosorbide dinitrate infusion in normal dogs reduced aortic pressure, left ventricular end-diastolic pres- 


sure; Cardiac output and work. Coronary resistance was reduced only at 5.minutes of infusion. Systemic 
effects of isosorbide dinitrate were similar in 2 groups of dogs with acute experimental myocardial infarc- 
tion, In the absence. of cardiogenic shock nitrates may be safely administered to dogs with acute experi- 
mental infarction. Collateral coronary flow may be enhanced and oxygen requirements of the heart re- 
duced in this situation. 


Effects of Increased Arterial Pressure and Positive Inotropic Agents on the Severity of Myocardial 
Ischemia in the Acutely Depressed Heart 


TAN WATANABE, JAMES W. COVELL, PETER R. MAROKO, EUGENE BRAUNWALD and 
JOHN ROSS, Jr. 


The effects of systemic arterial hypertension, digitalis and isoproterenol on the extent of myocardial 
ischemic injury after acute pharmacologic depression of the dog heart depend upon the prior functional 


status of the left ventricle. Thus, in contrast to the findings in the nonfailing heart, elevation of systemic 


arterial blood pressure to above normal levels after coronary occlusion can extend myocardial ischemic 
injury whereas digitalis can decrease it. 
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System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO» is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data' show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 
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ATASCOPE SYSTEM Ac 





p 
è Parascore 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We’ll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That's logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

** U.S. Patent #3,347,452 


Datascope System 80 











nt 





-Q . Q " 








METHODS 


-378 Percutaneous Sheath Cardiac Catheterization 


WILLIAM H. -NECHES, CHARLES E. MULLINS, ROBERT L. WILLIAMS, THOMAS A. VARGO and 
DAN G. MCNAMARA 


Advantages of percutaneous sheath cardiac catheterization in infants and children include the availability 
of the same vessel for repeat studies, the small incidence. of arterial complications, the ease of changing 
catheters and the ability to use any type of catheter. In this study femoral vessel catheterization using an 
indwelling sheath was performed in 565 of 582 consecutive. procedures attempted in infants and children: 
the failure rate was only 3 percent. Percutaneous retrograde arterial catheterization was attempted and 
accomplished in 260 patients. 





385 Retrograde Technique for Catheterization of the Pulmonary Artery in Transposition of the 
Great Arteries with Ventricular Septal Defect 


CHARLES: E. MULLINS, WILLIAM H. NECHES, MILTON. J. REITMAN, GALAL EL-SAID and 
DONALD A. RIOPEL 


Retrograde femoral arterial catheterization by the percutaneous sheath method proved a safe, effective 
and rapid: way to-enter the pulmonary artery after prograde venous approaches failed in 10 patients. with 
transposition of the great arteries with ventricular septal defect. 


REPORTS ON. THERAPY 
388 Sensitivity to Digitalis Drugs in Acute Myocardial Infarction | 


BERNARD LOWN, MICHAEL D. KLEIN, ISAAC BARR, FRANS HAGEMEWER, 
BERNARD D. ‘KOSOWSKY and HENRY GARRISON 





Acetyl strophanthidin testing of 54 patients. in an acute coronary. care unit within.48 hours of admission 
suggests that digitalis drugs may be safely used to treat a large majority of patients with acute myocardial 
infarction and heart failure. Eighty-nine percent tolerated a full t mg dose of acetyl strophanthidin. Blood 
pressure increased in 59.3. percent of the patients. Ventricular ectopic mechanisms developed in. 3 
patients. 








REVIEWS. 
396 Mechanical Malfunction and Thrombosis of Prosthetic Heart Valves 
JOHN C. HYLEN 


This excellent review documents the clinical and diagnostic problems of mechanical malfunction reported 
in virtually all types of prosthetic valves. Such malfunctions arise usually from changes of the poppets or 
thrombosis of the valves as a consequence of valve wear, absorption of substances from the body, throm- 
bosis or a-combination of these factors. 


HISTORICAL MILESTONES 


405 History of Coronary Care Units 
HUGHES W. DAY 


This historical milestone records the contribution of the pioneers in the developments leading to the now: 
firmly accepted concept of coronary care units. 
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Holter DCG Monitoring Case History No.13 
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Courtesy of Cardio-Dynamics Laboratories, Inc. 


A 47-year-old male physician with a history of nocturnal 
chest pain was monitored by a continuous recording 
utilizing the Holter DCG technique. 


The first strip reveals no significant abnormalities. The 
second strip, recorded at about 2:35 A.M. while the 
patient slept, reveals an ST segment depression of 0.4 
mv. No pain occurred and the patient slept through it. 
At about 4:10 A.M., the patient reported chest pain, and 
the DCG revealed (1) marked ST segment depression 
and (2) ventricular bigeminy. With the help of a continu- 
ous DCG while the patient slept, his physician was able 
to correctly analyze the abnormality and institute appro- 
priate therapy. 


THE CLINICAL VALUE OF DCG 
HEART MONITORING 


(1) Dynamic Electrocardiography (DCG) has in- 
creased the practicing physician’s diagnostic capa- 
bility significantly, especially when he is confronted 
with arrhythmic and ischemic heart conditions of a 
transient nature. Over forty professional papers have 
been published by using physicians attesting to the 
value of DCG, and more than 1500 Holter monitoring 
systems are currently in use. 


(2) Physicians throughout the world are reporting 
that DCG is especially valuable in cases of arrhyth- 
mias or intermittent anginal episodes... for evaluat- 
ing pacemaker function, drug therapy, or vague symp- 
toms such as lightheadedness and dizziness... or 
for post-coronary care follow-up. 


(3) Three, lightweight, portable Holter monitoring re- 
corders are now available that will make continuous 
DCG recordings for 4, 12, or 24 hours, while the sub- 
ject pursues his usual daily activities. 


(4) Rapid scanning equipment is also available that 
will play back every heart beat recorded for a 4, 12 
or 24-hour period in just 4, 12, or 24 minutes and 
allow the immediate ECG printout of any abnormal 
event. 


(5) The medical value of Dynamic Electrocardiogra- 
phy is well established; and we would be pleased to 
discuss the ease of economic justification with you. 


For more information, return the coupon below. 


AVIONICS RESEARCH PRODUCTS 


division of Del Mar Engineering Laboratories 
6901 West Imperial Highway 

Los Angeles, California 90045 
Phone (213) 641-6334 


know more about Holter monitoring and the Avi- 
| onics Dynamic Electrocardiographic Systems.™ 


[C] Send the literature, and schedule me for a visit- 
l ing demonstration. | am definitely interested in 
acquiring this kind of equipment. 
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Retrograde. Ventriculoatrial Conduction in Complete Heart Block. Studies with His Bundle 
Electrography 


PREM K. GUPTA and JACOB |. HAFT 


His bundle electrography demonstrated in an 82 year old man that retrograde ventriculoatrial conduction 
can occur in complete heart block when this block is beyond the bundle of His and the A-V node is intact. 
The retrograde detour around the heart to the A-V node is presumably by muscular conduction. 


412 Localization of Site of Traumatic Heart Block with His Bundle Recordings. Electrophysiologic 
Observations Regarding the Nature of “Split” H Potentials 


KENNETH M. ROSEN, RICHARD HELLER, ALI EHSANI and SHAHBUDIN H. RAHIMTOOLA 


His bundle recordings in a patient with complete heart block and a ventricular septal defect secondary to 

a stab wound of the chest suggest that the site of block was in the His bundle: Shifting of a right bundle... 
branch block pattern to a left bundle branch block pattern during the ‘study is attributed: to longitudinal - .. 
dissociation in the distal His bundle, allowing preferential distribution of the cardiac impulse to one or the o: 
other ventricle. 


CASE REPORTS 


418 Cardiovascular Beriberi 
ROBERT L. KOZAM, OFELIA E. ESGUERRA and J. JAMES SMITH 


The primary disturbance in thiamine. deficiency is the depletion of the ‘enzyme cocarboxylase, which is 
related to, if not the cause of, dilatation of the somatic arterioles leading to an arteriovenous fistula n 
The 2 reported cases exhibited classic cardiovascular beriberi associated with excessive beer intake. | 

1 patient, the cardiac index before treatment was 17.7 liters/min per mê; after treatment with thiami ne. 
4.74 liters/min per m?. 





423 Diphtherial Myocardiopathy 
BLAISE E. FAVARA and RALPH A. FRANCIOSI 
Biochemical analysi is.of the myocardium of a child with fatal diphtherial myocardiopathy disclosed lactate 


retention and absence of creatine phosphokinase (CPK) activity. Loss of CPK activity may result in low 
levels of phosphocreatine. 





427 Dissecting Aortic Aneurysm Diagnosed by Echocardiography in a Patient with Rupture of the 
Aneurysm into the Right Atrium. Rare Cause for Continuous Murmur 


DAVID K. MILLWARD, NORMAN J. ROBINSON and ERNEST CRAIGE 


An abnormal echocardiogram obtained from the aortic root led. to the clinical diagnosis of a dissecting 
aneurysm in a 32 year old man with hypertension and a continuous heart murmur. Biplane angiogram cone 
firmed the diagnosis and demonstrated communication into the right atrium. The patient died suddenly 
while preparations were being made for operation, suggesting the advisability of early surgical intervention. 
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' térnative in 
the clinical management of cardiogenic shock... 


CARDIASSIST is an external pressure circulatory assist device for producing counterpulsation to augment cardiac output, 
preferentially perfuse the myocardium and enhance perfusion of other vital organs in the treatment of myocardial ischemia and the 
management of cardiogenic shock. Unlike other earlier modalities of circulatory assist by counterpulsation, CARDIASSIST requires no surgical 
intervention or sterile procedures, no anesthesia or anticoagulants, and produces no measurable trauma. It is portable, quiet in operation, 
and can be applied in minutes, making it entirely compatible for use in emergency situations 
For more detailed information on the CARDIASSIST method of external. pressure circulatory assist, write Medical Innovations, Inc., 

Dept. AJC , 69 Hickory Drive, Waltham, Mass. 02154. Telephone (617) 890-4266. Cable Address: MEDINCORP, Waltham, Mass. U.S.A. 
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432 ? Coronary Arterial Fistulas. Seven Cases with Unusual Features 


JACOB R: MORGAN, ALAN D. FORKER, MICHAEL J. O'SULLIVAN, Jr. and 
RICHARD G. FOSBURG 


-Some unusual features in these 7 cases of coronary arterial fistulas include the onset of 1 fistula after 
nonpenetrating chest trauma, the association of another case with tetral ogy of.Fallot, the absence ofthe: 


usual-continuous murmur in another patient, and electrocardiographic evidence of myocardial infarction oe 


ing patients, 


-EDITORIALS 
Coronary Artery Disease—Antidote to a Stereotype 
JOSEPH K. PERLOFF 


-Fourth Sound Gallop or Split First Sound 
NOBLE 0. FOWLER and ROBERT J. ADOLPH 





445 Ventricular Dystunction Associated with Valvular Heart Disease 
JAMES: SCHEUER l 
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becomes a major problem. 





At the first sign of trouble: 


e(Procainamide i f 
Pronestyl (:ii2chivve) Capsules & Injection 


Contraindications: In patients with myasthenia gravis 
and where a hypersensitivity to procainamide and 
related drugs exists. Should not be given to patients 
with complete atrioventricular heart block. 
Administration: Oral administration is preferred. When 
parenteral therapy is necessary, intramuscular admin- 
istration is the method of choice. Intravenous use 
should be limited to extreme emergencies, be admin- 
istered as a dilute infusion, and the patient be 
monitored electrocardiographically whenever prac- 
ticable throughout the infusion. The intravenous dose 
should not exceed 1 Gm. Administer at a rate not ex- 
ceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be 
made occasionally to determine its further need. 
Precautions: Evidence of untoward myocardial re- 
sponse should be carefully watched for in all patients. 
In the presence of myocardial damage with atrial fib- 
rillation or flutter, the ventricular rate may increase 
suddenly as the atrial rate is slowed; adequate digitali- 
zation reduces but does not abolish this danger. 
Ventricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an 
embolic episode may occur in correcting atrial fib- 
rillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust 
the heart rate when ventricular tachycardia has oc- 
curred during an occlusive coronary episode or where 
the use of procainamide may result in additional de- 
pression of conduction and ven- 
tricular asystole or fibrillation as in 
A-V block, bundle branch block, or 
severe digitalis intoxication. 

Parenteral administration should 
be monitored electrocardiograph- 
ically whenever practicable. Paren- 
teral administration should be dis- 
continued at once if electrocardio- 
grams give evidence of impending 
heart block. This complication 
should be kept in mind when treat- 
ing ventricular arrhythmias (espe- 
cially parenterally) in patients with 
severe organic heart disease and 
ventricular tachycardia who may 
also have complete heart block. 
Sinceasystole may result if the ven- 
tricular rate is significantly slowed 
without attainment of regular atrio- 
ventricular conduction, procain- 
amide should be stopped and the 
patient re-evaluated. 

Inthe presence of both liver and 
kidney damage, normal dosage 
may produce symptoms of overdos- 
age—principally ventricular tachy- 
cardiaandsevere hypotension. 

A syndrome resembling lupus 
erythematosus has been reported 
with maintenance procainamide 
therapy. Common symptoms are 
polyarthralgia, arthritis and pleur- 
itic pain. Fever, myalgia, skin le- 
sions, pleural effusion and pericar- 
ditis may also occur. Rare cases of 
thrombocytopenia or Coombs- 
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positive hemolytic anemia, possibly related to this syn- 
drome, have been reported. If any sign of lupus erythe- 
matosus occurs, LE cell tests should be performed; if 
cell tests are positive, discontinue drug. Steroid thera- 
py may be effective if discontinuation of procainamide 
does notcause remission of symptoms. If the syndrome 
develops ina patient with recurrent life-threatening ar- 
rhythmias not otherwise controllable, steroid-suppres- 
sive therapy may be used concomitantly with procaina- 
mide. Tests at regular intervals forlupus erythematosus 
arerecommended for patients on maintenance therapy. 
Adverse Reactions: Because procainamide is a peri- 
pheral vasodilator, it may produce a hypotensive 
response, sometimes precipitous when given intra- 
venously. Blood pressure should be measured almost 
continuously during the infusion which should be tem- 
porarily discontinued if the fall exceeds 15 mm. Hg. 
The hypotensive response is less likely to occur from 
intramuscular injection and is rare following oral ad- 
ministration. Serious disturbances of cardiac rhythm 
such as ventricular asystole or fibrillation are also 
more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, 
nausea, urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness 
of mouth, throat, or gums; and symptoms of upper 
respiratory tract infection have been reported. 
Agranulocytosis has been occasionally reported fol- 
lowing prolonged use of the drug, and deaths have 
occurred. Therefore, routine blood counts are advis- 
able during maintenance thera- 
py. If any of the above symptoms 


cainamide therapy should be dis- 
continued and appropriate treat- 
ment should be instituted immedi- 
ately. Diarrhea, weakness, mental 
depression, giddiness, psychosis 
with hallucinations, hypersensiti- 
vity reactions such as angioneu- 
rotic edema and maculopapular 
rash, and bitter taste have been 
reported. 

The package insert should be 
read carefully to become familiar 
with the recommended oral and 
parenteral dosage for the indi- 
catedconditions. 

Supply: Pronestyl Capsules (Pro- 
cainamide Hydrochloride Cap- 
sules U.S.P.) providing 0.25 Gm. 
and 0.5 Gm. are available in bot- 
tles of 100 and 1000, and Unimatic" 
Single Dose Packaging in cartons 

of 100. Pronesty! Injection (Pro- 
cainamide Hydrochloride Injec- 
tion U.S.P.) providing a 10% sterile 
aqueous solution (100 mg./cc.) 
with 0.9% (W/V) benzyl alcohol is 
available in 10 cc. vials. (A.H.F.S. 
24:04) 

[Military FSN 6505-582-5370: Cap- 
sules, 0.25 Gm., 100's; FSN 6505- 
299-8614: Inj., 10 cc. vials; VA FSN 

6505-582-5371A: Capsules, 0.25 

Gm.,1000's.] ©1972 E.R SQUIBB & SONS, INC. 442-015 


In mild to moderate hypertension... 
two tablets may be preferable to 


two drugs. 





Since the majority of patients (50-75% ) can be 
controlled on a diuretic alone,’ doubling the 
single daily dose of Enduron from 5 mg. to 10 
mg. is a conservative approach for hypertension 
in the mild to moderate range . . . before adding 
a second drug to the patient’s thiazide therapy. 

Potassium excretion for non-edematous pa- 
tients is not significantly increased on a 10 mg. 
per day Enduron regimen, since the “peak” 
kaliuretic dose is 5 mg.” 


Enduron’ 


methyclothiazide 5 mg. 


Enduron offers a simple, once-a-day dosage, 
and 24-hour pharmacological action. 

As with all thiazides, dietary potassium sup- 
plementation should be considered, especially in 
long-term intensive therapy. 209396 


1. Schoenberger, J.A., Management of Essential Hypertension, 
Med. Clin. of N. America, Jan. 1971. 


2. Podolsky, Stephen, et. al; Clinical Evaluation of Methyclo- 
thiazide, a New Potent Long-Acting Oral Diuretic Drug; 
Henry Ford Hosp. Med. Bul.; Vol. 9, P 44-449, Sept. 1961. 
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DESCRIPTION: ENDURON (methyclothiazide) 
is a member of the benzothiadiazine (thiazide) 
family of drugs. itis an analogue of hydrochloro- 
thiazide. The structural formula for methyclothia- 
zide may be represented as follows: 


H 
N H 
ci Z 
cH, CI 
HgNO,S N= CH3 
s 
Oz 


Clinically, ENDURON is a potent oral diuretic- 
antihypertensive agent. 


ACTIONS:The predominant effects of ENDURON 
(methyclothiazide) are diuresis, natriuresis, and 

- chloruresis. The excretion of sodium and chloride 
is greatly enhanced; potassium excretion is low. 

~ Although urinary excretion of bicarbonate is 

increased slightly, there is usually no significant 

` change in urinary pH. The diuretic and saluretic 
effects are produced by inhibition of renal tubular 

“reabsorption. There is significant natriuresis and 
diuresis within two hours after administration of 

a single dose of methyclothiazide. These effects 
- -reach a peak in about six hours and persist for 

24 hours following oral administration of a 

single dose. . 

In nonedematous patients the “peak” 
eamin effective) natriuretic single dose of 
` ENDURON is 10 mg., whereas the “peak” 
kaliuretic dose is 5 mg, Thus, doubling a single 
“daily dose of 5 mg. results in an increase of 
sodium output without significantly increasing 
potassium excretion. 

Like other benzothiadiazines, ENDURON also 
has antihypertensive properties, and may be used 
<. for this purpose either alone or to enhance the 

antihypertensive action of other drugs. The 
“mechanism by which the benzothiadiazines, — 
including methyclothiazide, produce a reduction 
- of elevated blood pressure has not been definitely 
established. Sodium depletion, however, appears 
to be of primary importance. 

ENDURON is readily absorbed from the 
gastrointestinal tract and is excreted unchanged 
by the kidneys. 


INDICATIONS: ENDURON (methyclothiazide) 

is indicated in the treatment and control of 

: edema associated with congestive heart failure, 
the nephrotic syndrome, hepatic cirrhosis, pre- 
menstrual tension, and steroid therapy. The 

` drug also is useful to control edema and 
hypertension associated with toxemia of 
pregnancy, It is further indicated as a primary 
measure in the treatment of mild to moderate 
hypertension and as an adjunct to other 
anthiypertensive agents in the treatment of severe 
hypertension. When administered with ENDURON, 

- More potent agents can be given at reduced 
dosage to minimize undesirable side effects. 


CONTRAINDICATIONS: ENDURON 
(methyclothiazide) is contraindicated in patients 
with a known sensitivity to methcylothiazide 
and/or other thiazide diuretics. It shquld not be 
used in patients with severe renal disease 
‘except nephrosis) or complete renal shutdown. 

hiazide diuretics should not be used in the 
presence of severe liver disease and/or 
impending hepatic coma. Hepatic coma has been 
reported as a consequence of hypokalemia in 
patients receiving thiazide diuretics. 


WARNINGS: The possibility of sensitivity 





reactions should be considered in patients with a 
history of allergy or bronchial asthma. 

There have been several reports, published 
and unpublished, concerning nonspecific small 
bowel lesions consisting of stenosis with or 
without ulceration, associated with the 
administration of enteric-coated thiazides with 
potassium. salts. These lesions may occur with 
enteric-coated potassium tablets alone or when 
they are used with nonenteric-coated thiazides, 
or certain other oral diuretics. 

These. small bowel lesions have caused 
obstruction, hemorrhage and perforation. Surgery 
was frequently required and deaths have 
occurred, 

Available information tends to implicate 
enteric-coated potassium salts although lesions 
also occurred spontaneously. Therefore, coated 
potassium-containing formulations should be 
administered only when: adequate dietary 
supplementation is not practical, and should be 
discontinued immediately if abdominal pain, 
distention, nausea, vomiting or gastrointestinal 
bleeding occurs. 

ENDURON does not contain added potassium. 


USE IN PREGNANCY: Enduron should be 
used with caution in pregnant women and 
nursing mothers since thiazides cross the 
placental barrier and appear in cord blood and 
in breast milk. The use of thiazides may result 
in fetal or neonatal jaundice, hone marrow 
depression and thrombocytopenia, altered 
carbohydrate metabolism in newborn infants of 
mothers showing decreased glucose tolerance, 
and possible other adverse reactions which have 
occurred in the adult. When the drug is used in 
women of childbearing age, the potential _ 
benefits of the drug should be weighed against 
the possible hazards to the fetus. 


PRECAUTIONS: Thiazide therapy should be 
used with caution in patients with severely 
impaired renal function because of the possibility 
of cumulative effects. Caution is also necessary 
in patients with impaired hepatic function or 
progressive liver disease. 

It has been observed that thiazide drugs may 
reduce arterial responsiveness to levarterenol 
(nor-epinephrine). Accordingly, the dosage of, 
vasopressor agents may need to be modified in 
surgical patients who have been receiving thiazide 
therapy. 

Thiazide drugs may increase the responsiveness 
to tubocurarine. 

The antihypertensive effects of the drug may 
be enhanced in the sympathectomized patient. 

All patients should be observed for clinical 
signs of fluid or electrolyte imbalance, including 
hyponatremia (“low-salt” syndrome). These 
include thirst, dryness of the mouth, lethargy, 
and drowsiness. 

Hypokalemia may occur during therapy with 
methyclothiazide. In such cases supplemental 
potassium may be indicated. Potassium depletion 
can be hazardous in patients taking digitalis. 
Myocardial sensitivity to digitalis is increased in 
the presence of reduced serum potassium and 
signs of i at intoxication may be produced by 
formerly tolerated doses of digitalis. Hypochloremic 
alkalosis may occur following intensive or 
prolonged thiazide therapy. Replacement of 
chloride may be indicated in such cases. 

Thiazides may decrease serum P.B.1. levels 
without signs of thyroid disturbance. 


ADVERSE REACTIONS: Side effects that 
may accompany thiazide therapy include anorexia, 


nausea, vomiting, diarrhea, headache, dizziness, 
paresthesia, weakness, skin rash and photo- 
sensitivity. Jaundice and pancreatitis also have 
been reported. 

Blood dyscrasias, including thrombocytopenia 
with purpura, agranulocytosis, and aplastic 
anemia, have been reported with thiazide drugs. 

Thiazides have been reported, on rare 
occasions, to have elevated serum calcium to 
hypercalcemic levels. Serum calcium levels have 
returned to normal when the medications have 
been stopped. This phenomenon may be related 
to the ability of the thiazide diuretics to lower 
the amount of calcium excreted in the urine. 

Elevations of blood urea nitrogen, serum uric 
acid, and blood sugar have occurred with the use of 
thiazide drugs. Symptomatic gout may be induced. 

Although not established as an adverse effect 
of methyclothiazide, it has been reported that 
thiazide diuretics may produce a cutaneous 
vasculitis in elderly patients. 

When adverse reactions occur, they are usually 
reversible and disappear when the drug is 
discontinued. 


DOSAGE. AND ADMINISTRATION: 
ENDURON (methyclothiazide) is administered 
orally. The usual. adult dose ranges from 2.5 to 
10 mg. once daily. 

To maintain an edema-free state or as an 
adjurict in the management of hypertension, 

2.5 to 5.0 mg. once daily is often adequate. 

Maximum effective single dose is 10 mg.; 
larger single doses do not accomplish greater 
diuresis, and are not recommended, 

If edema is resistant to methyclothiazide 
alone, the concomitant administration of an 
aldosterone inhibitor or glucocorticoid may be 
of value. 

In severely edematous patients or in those 
with edema resistant to other medication, 10 mg. 
may be administered twice daily. If this dosage is 
continued beyond three consecutive days, 
particular attention should be given to the 
patient's electrolyte status. Supplemental 
potassium may be required. 

In the treatment of hypertension methy- 
clothiazide may be either employed alone.or 
concurrently with other antihypertensive drugs. 
Combined therapy may provide adequate control 
of hypertension with lower dosage of the com- 
ponent drugs and fewer or fess severe side 
effects. An enhanced response frequently follows 
its concurrent administration with Harmonyl® 
(deserpidine) so that dosage of both drugs may 
be reduced. 

For treatment of moderately severe or severe 
hypertension, supplemental use of other more 
potent antihypertensive agents such as Eutonyl® 
(pargyline hydrochloride) may be indicated. Such 
a combination is particularly useful when edema 
from congestive heart failure or other conditions 
requiring diuretic therapy coexist with 
hypertension. 

When other antihypertensive agents are to be 
added to the regimen, this should be accom- 
plished gradually. Ganglionic blocking-agents 
should be given at only half the usual dose since 
their effect is potentiated by pretreatment with 
ENDURON, 


OVERDOSAGE: Symptoms of overdosage 
include electrolyte imbalance and signs of 
potassium deficiency such as confusion, dizziness, 
muscular weakness, and gastrointestinal 
disturbances. General supportive measures 
inclucing replacement of fluids and electrolytes 
may be indicated in treatment of overdosage. 209398 


A mini-ccu 
on wheels 


Rush it to the Code 4 patient. 
Station it at any bedside. The 
mobility of General Electric’s 
monitoring system fills a real 
need in resuscitation 
procedures, emergency 
surgery, and interfaces with 
any ICU/CCU equipment. 
This flexibility is ideally 
suited to the hospital limited 
in expanding its ICU/CCU 
functions. 





Featured is a new dual trace 
non-fade scope with ECG 
waveform displayed in real 
time plus 6 seconds, and 
cascading capability for an 
additional 6 seconds. 
Waveform can be frozen for 
examination at any time and 
won't fade from view. 


Other components include 
blood pressure amplifier and 
display, ECG amplifier, 
heart rate display, a D-C 


GENERAL @@ ELECTRIC 


defibrillator, and automatic 
graph that records a 20- 
second printout upon alarm 
condition. 


For information about the 
Mini-CCU and complete 
patient monitoring systems, 
see your GE representative. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, Leige. 








Unlimit your 
thinking about 
vascular technics 


Imagine taking advantage of 
some video technics which, 
until now, were largely limited 
to wishful thinking. 


General Electric's Fluoricon® 
300 image system provides 
this means of broadening your 
diagnostic information 
capability. And, by doing so, 
brings video of age for 
cardiovascular and general 
vascular procedures. 


Imagine, specifically, video that 
maintains a consistent image 
as you pan the patient, 
regardless of localized excess 
brightness; video that equalizes 
brightness across the entire 
monitor; enhances contours 
for crisper images; and 
automatically blanks images to 
the circular format for more 
effective presentation. 


Because this capability —and 
more—is a fact, one hospital 
recently went beyond 
imagination. And developed a 
highly sophisticated technic 
for measuring ventricular 
stroke volume, using GE's 
integral video recording 
instead of routine rapid filming. 
Now information is ready in 
minutes, instead of hours. 





GE's new solid state TV camera 
provides one reason why. It’s 
coaxially coupled to a new lens 
system to minimize light loss. 
Contributing, too, are a choice 
of image field sizes and 
Maxiray™ 100 x-ray tubes with 
fractional focal spots. 


All told, the system assures 
line pair and image resolution 
never before possible. 


For cine technics, this room 
features biplane capability. 
Cine 180™ cameras mount on 
the AP and lateral intensifiers. 
Result: more than double the 
per-frame recording area of 


standard 16 mm and frame 
rates up to 240 per second. A 
choice of 35 mm cine cameras 
adds recording flexibility. 
Regardless, the cine system 
automatically controls image 
brightness with rapid-response 
pulse width modulation. You 
program kVp, mA peak and 
maximum pulse width. The 
system then maintains the 
chosen film density 
throughout the run. 


Video. Cine. And all the GE 
components combined to 
maximize their efficiency. 
Together they can unlimit your 
thinking about technics. Your 
GE representative can help 
you plan your specific systems. 
Imagine that. 


General Electric Medical 
Systems, Milwaukee, 
Toronto, Liege. 
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Everything but 
the phone for improved 
Pacemaker Patient Management 


Now General Electric brings you 
everything you need for improved 
pacemaker patient management... 
from pacemakers and implant 
systems to the patient sensor and 
rate/interval computer. 


This total GE system enables you 
to check your patient's pacemaker 
over the phone, between regular 
Office visits. And then record the 
data ina binder which is part of the 
package. (Patient can check his 
own rate, too, because the sensor 


pu se generator life, 
Piece aie 





Reduce yout EKGs 
to Increase their chances. 


Your electrocardiograms have many 
uses. Not the least of which is helping de- 
termine when heart patients are well enough 
to be discharged. 

But once they become outpatients, 
they’re pretty much on their own. 

Now, Xerox can help you and your 
cardiology department extend a service to 
discharged patients that may one day save 
their lives. 

Wallet-sized EKGs. The Xerox 7000 re- 
duction duplicator can produce clearly- 
legible miniature cardiograms for patients 
to carry wherever they go. So in case of an 
emergency, the attending physician can 
begin proper treatment based on an up-to- 
date cardiogram. 

You can even provide EKGs for patients 
with other ailments for more prompt and 
accurate diagnoses. Or for patients in other- 
wise normal health who may have irregular 
heart-wave patterns. 

The 7000 is just one of more than 20 
Xerox machines. They, together with a 
skilled team of medical specialists, are your 
assurance of getting the right equipment 
for the right job. In Medical Records, Ad- 
missions, Business Office, Laboratory and, 
of course, Heart Station. 

For complete information, please 
write: Xerox Business Products Group, 
Dept. 173, Xerox Square, Rochester, New 
York 14644, 
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Meet 154 members of the Ossining Fire Department 


Volunteers screened for serum 
cholesterol above 250 mg.% 
and/or serum triglycerides 
above 150 mg.% 

Recently, members of the Ossining, 
New York Volunteer Fire Depart- 
ment and its women’s auxiliary 
cooperated in a one-time screening 
program* to determine their lipid 
levels.t These were people repre- 
sentative of most American com- 
munities—businessmen, teachers, 
shopowners, professional men, crafts- 


*Important Note: A single determination 
is not sufficient to establish the 
diagnosis of hyperlipidemia. 


men, and housewives. And from the 
tabulation of the single-test results 
among these typical men and women, 
three striking findings emerge: the 
prevalence of cholesterol levels above 
250 mg.% and triglyceride levels 
above 150 mg.%, the unawareness 
of their existence, and the early age 
of test subjects in whom they were 
found. 


Incidence of such levels—50.6%; 
unawareness almost universal 
Of the 154 subjects tested, 78 
(50.6%) were found to have serum 
cholesterol levels above 250 mg.% 


and/or triglyceride levels above 150 
mg. %.In only 7 of those 78 did 
cholesterol levels alone exceed the 
specified value. Both cholesterol 
and triglycerides were higher in 
23 individuals, while triglycerides 
alone proved higher than the specified 
value in the remaining 48 persons. 
Of the 78 Ossining subjects noted 
above, 75 had not known about their 
lipid values. This finding is consistent 
with that of Stamler et al.,? who 
report that a majority of the millions 
with elevated serum cholesterol are 
entirely unaware of its presence 
because they have never been tested 





78 of them may have elevated lipid levels. 


for it. A further note of interest : 44 
of these 78 subjects were below the 
age of 40. 


The importance of testing 

for both cholesterol and 
triglycerides 

The Ossining program only demon- 
strates the prevalence of cholesterol 
levels above 250 mg.% and/or tri- 
glyceride levels above 150 mg.%, and 
is in no way intended to imply a clinical 
evaluation. It also indicates the im- 
portance of evaluating both choles- 
terol and triglyceride levels. For 
example, had the Ossining volunteers 


been checked only for cholesterol, tri- 
glyceride levels above 150 mg.% 
would not have been found in 71 


of serum lipid levels, which includes 
triglyceride concentrations as well.*° 
So in your own practice when you 
individuals. test... test for both serum cholesterol 
and triglyceride levels. 
The significance of the Ossining 
volunteers: they're like the 
patients you see every day 
The U.S. Public Health Report 
(1967), using one parameter of 
measurement, estimated that 1 out of 





5 Americans over the age of 17 has a 
serum cholesterol level higher than 
260 mg.%.° As the Ossining tests 
suggest, cholesterol represents only 
one factor in the overall assessment 


See last page of advertisement for prescribing information. Ayerst. 









-will be detected if both cholesterol and triglyceride levels are sccm 


| Whether se serum cholesterol alone is elevated... 
triglycerides alone are elevated...or both are elevated 


® Brandot | 
clofibrate 


The most widely prescribed lipid-lowering agent: 
9 years of clinical experience 


When adequately repeated baseline studies reveal significantly high serum cholesterol 
and/or triglycerides, an attempt should first be made to reduce them by means of 
appropriate dietary restrictions. When the response to-diet is inadequate, initiate 


ATROMID-S therapy. 





Overall clinical experience shows that in responsive patients 
Wm cholesterol levels above 250 mg./100 ml. (mg.% ) have usually decreased up to 35 percent...and reductions 
as much as 50 percent have been reported® 


M triglyceride levels above 150 mg./100 ml. (mg.% ) have usually decreased up to 61 percent...and reductions 
as muchas 90 percent have been reported® 


W the higher the initial level the greater the reduction 
m lipid lowering effect is usually noted during the first month of therapy 


The importance of maintaining Q.I.D. dosage 


Once elevated serum cholesterol and/or elevated serum triglycerides have been reduced, a reduction in dosage 
may result in a renewed rise in lipid levels. Therefore, one simple dosage regimen is recommended for all patients 
at all times. Start and maintain therapy with one capsule (500 mg.) Q.I.D. 










AN IMPORTANT NOTE: It has not been established whether drug-induced lowering of serum choles- 
terol or other lipid levels has a detrimental, a beneficial, or no effect. on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current investigations can 
yield an answer to this question. 


Eight year study demonstrates continued 
control of hyperlipidemia’ 


Because of its persistent nature, hyperlipidemia requires continued therapy. It is important, 
therefore, that the prescribed anti-hyperlipidemic agent maintain effective control over serum 
lipid levels. 

Fifty responsive hyperlipidemic patients were treated with ATROMID-S, 2 Gm. daily for 
six to eight years. Cholesterol alone was elevated in 8 patients, while both cholesterol and 
triglycerides were elevated in the remaining 42. The group comprised 28 women.and 22 men 
whose ages range from 41 to-65-years, Normalization or substantial reduction of elevated serum 
levels of cholesterol and/or triglycerides occurred in each patient and was maintained 
throughout the entire period. of treatment. 


According to the investigator, “Our data indicate that clofibrate (ATROMIDSS®) isa 
potent hypolipidemic agent which may be administered continuously for long periods of time 
without any decrease in its effectiveness.. .”7 He further states : “With this agent, normalization 
of the cholesterol or triglyceride levels or both may be expected...” 


Average reduction in lipid levels maintained throughout eight year study’ 


350 
Mean Value of 
CHOLESTEROL 
inmg./% 
250 
200 
150 
100 
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(50 Patients) (50 Patients) (49 Patients) (32 Patients) 
Mean Value of TRIGLYCERIDES 
TRIGLYCERIDES 
inmg./% 









6 YEARS 7YEARS 8 YEARS 
(42 Patients) (42 Patients) (29 Patients) 


Adapted from Berkowitz? 


Visible evidence of effectiveness 


tè 


This demonstration of regression of 

xanthomata with ATROMID-S (clofi- } 
brate) provides visible evidence of the y 
effectiveness of this agent. In some patients, 





xanthomatous lesions completely disap- 





pear, and in others their size and/or | 
te 


Lit 


numbers are reduced. 


Before ATROMID-S 
(clofibrate) therapy 


Male, 39 years old, with long- 
standing xanthomatous lesions in- 
volving elbows, knees, palms and 
palmar surfaces of the fingers, and 
buttocks, On 2/25/69 cholesterol— 


544 mg.%, triglycerides—315 mg.%. 


If Given In Conjunction 
With Anticoagulants 


After 6 months of 
ATROMID-S therapy 


ATROMID-S therapy was insti- 
tuted on 3/11/69. On 9/26/69: 
cholesterol—289 mg.%, triglyceride— 
129 mg.%. Lesions on palms have 
disappeared completely; those on 
elbows and knees are smaller 

and softer. 


Case report on file, Medical Department, Ayerst Laboratories, New York, N.Y. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S (CLOFIBRATE). THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED BY ONE-THIRD TO ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 


BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE 
UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE LEVELS HAVE BEEN STABILIZED. 


See last page of advertisement for prescribing information. Ayerst. 





More than9 years of successful 
clinical experience 
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BRIEF SUMMARY 

(For full prescribing information, 

see package circular.) 


ATROMID-S (clofibrate) 


Indications: ATROMID-S is indicated where reduction of 
serum lipids is desirable, e.g., patients with hypercholesterol- 
emia and/or hypertriglyceridemia. 

Patients with hyperlipemic states involving elevation of both 
serum triglycerides and serum cholesterol generally have a 
more favorable response than those with primarily hypercho- 
lesterolemia and normal triglyceride levels. However; since re- 
sponse is unpredictable, a therapeutic trial with ATROMID-S 
should be undertaken inpatients with only hypercholesterolemia. 

In patients with essential hyperlipemia and xanthomatosis, 
the skin lesions frequently have regressed on ATROMID-S 
therapy. 

Contraindications: While teratogenic studies have not 
demonstrated any effect attributable to clofibrate, it is -known 
that serum of the rabbit fetus accumulates a higher concentra- 
tion of clofibrate than found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. 

Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women in 
the childbearing age may be undertaken in patients exercising 
strict birth control procedures, In patients who then plan to 
become pregnant the drug should be withdrawn several 
~ months before conception. 

Because pregnancy is a possibility despite birth control pre- 
cautions, the possible benefits of clofibrate to the patient must 
be weighed against possible hazards to the fetus in women of 
childbearing age. Since it is not known if clofibrate is secreted 
in human milk, the drug should not be given to lactating women. 

This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 

It is not recommended for use in patients with impaired renal 
or hepatic function. 

Warnings: CAUTION SHOULD BE EXERCISED 
WHEN ANTICOAGULANTS. ARE GIVEN IN CON- 
JUNCTION WITH ATROMID-S (CLOFIBRATE). 
THE DOSAGE OF THEANTICOAGULANT SHOULD 
` BE REDUCED BY ONE-THIRD TO ONE-HALF 
{DEPENDING ON THE INDIVIDUAL CASE) TO 
MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN DE- 
TERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE 
LEVELS HAVE BEEN STABILIZED. 

Precautions: Before instituting clofibrate therapy, attempts 
should be made to control serum lipids with appropriate dietary 
regimens, weight loss in obese patients, control of diabetes 
mellitus, ete. 

Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to de- 





“termine that the patient has significantly elevated serum lipid 


levels. Frequent determinations of serum lipids should be made 
during the first few months of ATROMID-S administration, 
and periodic determinations thereafter. The drug should be 
withdrawn after three months if response is inadequate. How- 
ever, in the case of xanthoma tuberosum, treatment should be 
continued for longer periods (even up to one year) provided 
there is a reduction in the size of the xanthomata. 

During the early stages of ATROMID-S (clofibrate) ad- 
ministration, serum transaminase determinations should be 
made. Mild transient increases in these tests have been noted 
in some patients. This is thought to be a result of the metabolic 
effect of the drug rather than a toxic effect. However, if 
steadily rising or excessive abnormalities occur, the drug 
should be immediately withdrawn. 

Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of hy- 
poglycemia occurring two hours after ingestion of 1 Gm. of 
clofibrate in a patient receiving tolbutamide. Although a causal 
effect was not established, caution should be observed in dia- 
betic patients. 

Adverse Effects: ATROMID-S has been well tolerated by 
most patients. The most common side effect is nausea, noted in 
approximately 5 per cent of cases. Other less common gastro- 
intestinal side effects include vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Headache, dizziness, 
fatigue, weakness, skin rash, urticaria, pruritus, stomatitis 
have been reported occasionally. 

A slight and transient rise in serum glutamic oxaloacetic 
and/or glutamic pyruvic transaminases has been observed in 
some patients, but there is no evidence to suggest that this is 
due to hepatotoxicity. A few instances of increased BSP reten- 
tion have been reported. One patient receiving butobarbitone, 
phenobarbital, phenindione, tetracycline, and clofibrate devel- 
oped agranulocytosis which was attributed by the investigator 
to the clofibrate. A few cases of leukopenia have been reported, 
but relationship to ATROMID-S administration has not been 
established, 

Polyphagia and weight gain have been noted in a few 
patients. It has been suggested that this may be due to increased 
deposition of subcutaneous fat. However, this has not been 
established nor has it been definitely determined that the 
weight gain is drug-related. Instances of weight loss have also 
been reported. One investigator reported congestive heart 
failure in a few patients on clofibrate. However, subsequent 
study by this investigator has shown no increase in circulating 
plasma volume. 

Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed a 
concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittle hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 
been reported ; relationship to this drug has not been established. 
Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg.) four times daily. 
Supplied: No. 243--Each capsule contains 500 mg. clofibrate, 
in bottles of 100. 
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York, N.Y. 2. Stamler, J., etal.: Amer. J. Nurs. 66:1788 ( Aug.) 1966. 
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4. Fredrickson, D.S., ef al.: The typing of hyperlipoproteinemia: A 
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Affecting Lipid Metabolism, New York, Plenum Press, 1969, pp. 
307-325. 5. Brown, D.E, in Casdorph, HR.: Therapy of the Hyper- 
lipidemic States, Springfield, HL, Charles C Thomas, 1971, p. 147. 
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Cardiology Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 
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ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 7228 


WHAT WE DON’T KNOW 
ABOUT OUR DIET CAN HURT US 
HEART PANEL FINDS 


Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources” reached in the course of its in- 
vestigation of risk factors in cardiovascular 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that "Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising: '* 

Helping people to choose foods wisely is 
something we've been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary information— model 
menus and recipes—so they can plan bal- 





Fleischmann's Margarines 
Box 1180 
Elm City, North Carolina 27822 


Please send me sample copies of the following 
publications: 


[O “Dietary Control of Cholesterol” | 
O "'Low-Sodium Diets Can Be Delicious" 
C “The Prevention of Heart Disease Begins 


anced family meals low in cholesterol and ei 
saturated fats, and you don't need to spend pi 

as much of your own time in explanation. If nee 

you would like sample copies to give your 

patients, just fill out and mail the coupon, wi 

and we'll be happy to oblige. Pe zip 


Allow 4 to 6 weeks for delivery. Orders without ZIP code 
cannot be accepted. Offer good only in U.S.A. Void where 
prohibited or restricted by law. 


*Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 


Fleischmann’s Margarine 
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~~ announcing Volume 4 of 
Cardiovascular Clinics 


ALBERT N. BREST, MD, Editor-in-Chief 


‘Scheduled for Fall publication are three important 
new numbers in the brilliant Cardiovascular Clinics 
-= series. Distinguished guest editors have assembled 
an impressive list of contributors for each number. 
Their combined expertise and the superior editing 
which characterizes the series provide new and 
vaiuable data on timely topics in the field of cardio- 
vascular disorders. This series has received un- 
stinted praise for its balanced and methodical 
= presentation of currently available information over 
a wide range of cardiovascular disorders. It is de- 
signed to provide vitally useful material for the 
practicing physician, specialist or non-specialist. 


1. Cardiomyopathy. Ready Now! 

-George E. Burch, MD, Guest Editor 

Increased recognition of heart-muscle disease dur- 
1 ing the past 15 years has advanced it to a prominent 
place among the major problems in cardiology. It 
should be known and understood by every physi- 
cian. This issue takes up pathology, physiology and 
diagnosis of myocardial diseases, describes syn- 
dromes produced. by numerous causes including 
alcohol, viral infections, endocrine disorders. A final 
chapter discusses the rationale for prolonged bed 
rest in patient management and reports results of 
this treatment over a 10-year period. 


410 pages, 139 illustrations. 


; 2. Clinical-Pathologic Correlations 1. September. 
Jesse E. Edwards, MD, Guest Editor 


In this issue, the clinical signs and symptoms over a 


wide range of cardiovascular disorders are meticu- 
tously correlated to the pathologic findings at au- 
topsy. An abundance of gross and microscopic 
photographic views, a concise summarization at 
the end of each chapter, and an extensive bibliog- 
raphy all contribute to the scope of this outstanding 
number. 


368 pages, 229 illustrations. 


3. Pediatric Cardiology. October. 

Mary Allen Engle, MD, Guest Editor 

This extraordinary number has much to offer every 
cardiologist, no matter the age of the patient. In- 
tense study and advances in management of the 
congenital abnormalities have contributed im- 
mensely to the entire field of cardiology. The con- 
tributors’ scholarly and well-reasoned approaches 
to pediatric cardiac problems make this a superb 
addition to the “Clinics.” 

492 pages, 146 illustrations. 


Volume 4 Complete, $27.50. Each number, $12 


Still available 

Volume 3: 1, Peripheral Vascular Disease, Gifford. 
2, Cardiac Surgery |, 3, Cardiac Surgery Il (Harken). 
Volume 2: 1, Congenital Heart Disease, Downing. 
2, Arrhythmias, Dreifus. 3, International Cardiology, 
White. l l 
Volume 1: (Brest) 1, Hypertensive Cardiovascular 
Disease. 2, Coronary Heart Disease. 3, Cardiovas- 
cular Therapy. 

Each volume, $27.50. Individual numbers, $12 each. 


OTHER BOOKS OF INTEREST 


Schamroth. Disorders of Cardiac Rhythm. $42 
Oram. Clinical Heart Disease. $42 


Schamroth. Introduction to Electrocardiography. 
(4th Edition). $7 


F. A. Davis Company, 1915 Arch Street, Philadelphia, Pa. 79103 


Please send, on 10 days’ approval: 


Yang, et al. From Cardiac Catheterization Data to 
Hemodynamic Parameters. $12 


Braimbridge. Post-Operative Cardiac Intensive 
Care. (2nd Edition). $9 


c) Cardiovascular Clinics, Vol 4. $27.50 0 Other volumes 





0 Other books 





Name “Address 








City State Zip 





e386 


From CRO- MED Bionics Corp. | 


n Affiliate of Chro 





3 


Forthe cardiologist... 


an advanced diagnostic aid which 
multiples the cardiologists opportunities 
for service to patients and colleagues 





THE COMPU-GRAM SYSTEM 


The only Automated Three Channel Diagnostic 
ECG System designed to be fully effective 


in the clinical environment 









Greatly increases speed and efficiency 
-vastly increases ECG capability 


I Definitive, verified ECG diagnoses based on both cardiac rhythm and 
contour analysis are returned via teletype. 


I Rapid turnaround — scheduled to your needs — 24 hours a day, 7 days a 
week. 


Daily and weekend pre-operative service — same day 
results at no added cost. 


E Superior stat and emergency services give 
results in minutes, 24 hours a day. 


E Consultation service with CRO-MED’s staff of 
cardiologists available. 


E No capital equipment investment for most 
advanced three channel COMPU-CONSOLE™ 
which features a 12-lead scalar ECG system that 
automatically records 4 groups of 3 leads 
simultaneously. 


HB COMPU-GRAM System eliminates laborious, 
time-consuming task of cutting and pasting tracings. 
In addition, the need for dictation and transcription of 
ECG diagnosis is eliminated. In addition, CRO-MED’s 
console provides an 8 second tracing — 2 seconds 
per lead set in an already mounted format — that 
can be immediately placed on patient's chart. 


E Automated ECG analysis and interpretation frees the 
cardiologist from burdensome overload of reading 
ECGs and multiplies his opportunities for increased 
patient service and consultation. 


Clinically proven- Medically accepted 


The CRO-MED COMPU-GRAM System has been in 

development for over 5 years at The Mount Sinai Medical Center in 
New York and fully operational for over 3 years in major 

medical institutions. The enormous data storage of a digital 
computer allows utilization of 16,000 different ECG criteria for 
analyzing data from each of the 12 leads. The computer prints out 
a complete analysis of the ECG, and provides a definitive ECG 
diagnosis which is returned in a concise teletype message. 


For further information write: 


CRO-MED Bionics Corp. 


An Affiliate of Chromalloy American Corp. 
160 Fifth Avenue, New York, N.Y. 10010 (212) 675-5520 








The facts may not be simple. But they should 
be clear. 


When pressure tracings are many and complex, Kodak 
Linagraph 1930 Paper lets you sort them out. Crisp black on 
brilliant white. Outstanding sensitivity to low-light and high- 
frequency traces. Dimensional stability for reliable time- 
base. You get full and accurate heart sounds, physiological- 
event tests, cardiac loops. Vital manometric and myographic 
data is unusually clear. 

As an added benefit, processing is simple. Linagraph 1930 
Paper can be processed in the Kodak X-Omat Processor al- 
ready installed in your affiliated hospital. Since the chemicals 
are identical to those used for processing x-ray films, no 
machine adjustments are necessary. 

If you'd like more information, simply mail the coupon. 
Thank you for taking the time to read this advertisement. 


New Kodak Linagraph 1930 Paper 


EASTMAN KODAK COMPANY | 
Department 412L, Rochester, N.Y. 14650 | 
LJ Send literature on Kodak Linagraph 1930 Paper and | 
paper sample | 
I 
| 
| 
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Cine Fluorography... 


For perfectly processed film. 


If you don't believe us, ask 90% of the doctors and 
hospitals now practicing cine fluorography and using 
Processall for rapid development of cardiologic diagnost- 
ic film. Hospitals like Johns Hopkins, The Mayo Clinic, 
Indiana University, Cleveland Clinic and the list goes on 
and on. Why do these hospitals put so much trust in the 
Processall? 

The answer is simple. Quality results and flawless 
performance. The Processall is daylight operational, 
compact, easily portable and handcrafted from stainless 
steel. But perhaps the most important thing is the fine 
detailed results you get on the film. 








Processall is engineered not to miss the most minute 
detail so you can see the problem clearly and without 
question, because the more you see, the more you 
know, and the better your patient's chance. That's why 
so many doctors and hospitals rely on the Processall. 
Shouldn't you? 

For more information contact us, the Oscar Fisher 
Company, or your nearest Processall dealer. 


OSCAR FISHER 


Company, Incorporated 
Box 2305, Newburgh, N.Y. 12550 
Telephone (914) 562-3900 





16/35 Microfilm Rapid Processor, Anhydrator, Ag-O-Mat, and general processing photo lab equipment, constructed of SIGL stainless steel, 
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For graduate student 
John R., lying down 
to sleep was a real 
eye-opener. 





Ph.D. in the making. 


But until recently, it looked as if 
he might not make it. His prob- 
lem: insomnia. Clinically con- 
firmed. Unwanted wakefulness 
every night. It was wreaking 
havoc with his studies. And with 
his personal relationships, too. 
Quaalude®-300 (methaqualone) helped solve John 
R.’s problem...but under rather unusual circum- 
stances. 
John R. volunteered to participate ... along 
ith nine other confirmed insomniacs...in a sleep 
study: of experimental design, single blind, to evalu- 
ate Quāālude-300 against a placebo. Sequentially, 
there were three placebo nights, followed by three 
drug nights, followed by four placebo nights. EEG 
recordings were obtained continuously from 2300 to 
0600 hours. He returned for a second period of 10 
days three weeks later. 
Goldstein, et al.,? reported that two statis- 
significant benefits of Quāālude-300 were 
n this particular study. 
ded for the insomniacs to fall asleep was 


tically 


. S0 common 
.were shorter when Quaalude 


e Intermittent periods of wakefulness.. 
among insomniacs.. 
was used. 

Other clinical studies, plus experience in 
medical practice throughout the world, have estab- 
lished the therapeutic value of non-barbiturate 
methaqualone: Quaalude can induce sleep in 10 to 
30 minutes; it usually helps produce 6 to 8 hours 
of restful sleep; Quaalude patients usually awaken 
easily and without evidence of “hangover.” 

Side effects reported have been mild, tran- 
sient, and have often proved to be statistically 
insignificant when compared to placebo effects. 
Psychological dependence occasionally occurs, 
phsicalfienendence rarely reported. (See Brief 
Summa¥¥ of Prescribing Information.) 

Maybe your patients can benefit as John R. 
did, by your prescribing Quaalude. 


Indications: Sleep. Daytime sedation. 


Usual Adult Dose: For s/eep, 150-300 mg. at bedtime. For pa- 
tients previously on other hypnotics, 300 mg. for five to seven 
nights. For sedation, 75 mg. t.i.d. or q.i.d. Not recommended in 
children. Dosage should be individualized for aged, debilitated 
or highly agitated patients. 


Overdosage: Acute overdosage may result in delirium and coma, 
with restlessness and hypertonia, progressing to convulsions 
Evacuate gastric contents, maintain adequate ventilators 
support blood pressure, if necessary. Dialysis may be herpful. 
Analeptics are contraindicated. Succinylcholine accompanied 
by assisted respiration has been proposed for prolonged con- 
vulsions. Overdoses of methaqualone appear to be less often 
associated with cardiac or respiratory depression than are over- 
doses of oral barbiturates, but shock and respiratory arrest may 
occasionally occur. 


Contraindications: Contraindicated in women who are or may 
become pregnant; or patients with known hypersensitivity. 


Warnings: Take hypnotic dose only at bedtime. Not recom- 
mended in children. Warn patient on Quāālude® (methaq 
against driving a car or operating dangerous machine 
needed when administered with other sedatives, analg 
psychotropic drugs or alcohol because of possible a 

fects. Pending longer clinical experience, Quadlude s 

be used continuously for periods exceeding three month 
chological dependence occasionally occurs. Physical d 

ence rarely reported. However, caution needed with addiction- 
prone patients. 


Precautions: Use with caution and prescribe small quantities in 
patients with anxiety states where impending depression o 
suicidal tendencies exist. Give in reduced doses, if at all, in pa- 
tients with impaired hepatic function. 


Adverse Reactions: Neuropsychiatric: headache, hangover, fa 
tigue, dizziness, torpor, transient paresthesia of the extremities] 
An occasional patient has experienced restlessness or anxiety, 
Hematologic: aplastic anemia possibly related to y outro 


has been very rarely reported. Gastrointestinal: dry mout no 
rexia, nausea, emesis, epigastric discomfort, diarrhea. ma 
tologic: diaphoresis, bromhidrosis, exanthema. Urticaria ha 
been particularly well documented. 


Supplied: Quāālude-150 (150 mg. white, scored tablets). 
Quāālude-300 (300 mg. white, scored tablets). 


Consult complete literature before prescribing. 


1. A Comparative Study of the Effects of Methaqualone...on Sleep in Male 
Chronic Insomniacs, Goldstein, L. et al.: J. Clin. Pharmacol. 10: 258 
268, 1970. 


2. An Analysis of Effects of Methaqualone...on Sleep in Insomniac Sub 
jects, Goldstein, L. et al.: Res. Communications in Chem. Path. and 
Pharmacol. 2: 927-933, 1971. 


a non-barbiturate 


Quaalude-300 
(methaqualone) "=" 


For a good morning after a sleep-through night. 


WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 
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Some people develop excessive psychic tension and need your counseling, 





and a few may need counseling 
and the psychotropic action of Valium’ (diazepam). 


PSS aa a BN WE MEME ENA EE ARS UR A W OF CERES 


_ (diazepam) part of your treatment 
plan, check on whether or not the 
patient is presently taking drugs 
and, if so, what his response has 
been. Along with the medical and 
-social history, this information can 
_ help you determine initial dosage, 
the possibility of side effects and 
the ultimate prospects of success 
or failure. 

While Valium can be a most 
helpful adjunct to your counseling, 
it Foa be prescribed only as long 
as excessive psychic tension per- 
sists and should be discontinued 
-when you decide it has accom- 

_ plished its therapeutic task. In 

~ general, when dosage guidelines 
are followed, Valium is well 
-tolerated (see Dosage). For con- 
venience it is available in 2-mg, 5-mg 
< and 1o-mg tablets, — 

Drowsiness, fatigue and ataxia 
-have been the most commonly re- 
-_ ported side effects. 
| Until response is determined, 

_ patients receiving Valium should 
a be cautioned against engaging in 

_ hazardous occupations requiring 
- complete mental alertness, such 

-as driving or operating machinery. 


Roche Laboratories 
Division ‘of Hoffmann-La Roche Inc. 
Nutley. N.J. 07110 


` information, a summary of which follows: °° °° n na 


Indications: Tension and anxiety states; somatic com- : 
plaints which are concomitants of emotional factors; psycho-- = 
neurotic states manifested by tension, anxiety, apprehension, 
fatigue, depressive symptoms or agitation; symptomatic relief 
of acute agitation, tremor, delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology, spasticity. 
caused by upper motor neuron disorders, athetosis, stiff-man = 
syndrome, convulsive disorders (not for sole therapy). 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma who. 
are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
erme When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol and 
other CNS depressants: Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). Keep addiction-prone 
individuals under careful surveillance because of their pre- 
disposition to habituation and dependence. In pregnancy, 
lactation or women of childbearing age, weigh potential 
benefit against possible hazard. 

Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, narcotics, barbi- : 
turates, MAO inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or with suicidal 
tendencies, Observe usual precautions in impaired renal or 
hepatic function, Limit dosage to smallest effective amount in 
elderly and debilitated. to preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, diplopia, hypoten- = 
sion, rg ee in libido, nausea, fatigue, depression, dysarthria, =: 
jaundice, skin rash, ataxia, constipation, headache, incon- cen 
tinence, changes in‘salivation, slurred speech, tremor, vertigo, = 
urinary retention, blurred vision. Paradoxical reactions suck 
as acute hyperexcited states, anxiety, hallucinations, increased 
muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
tion have been reported; should these occur, discontinue drug. 
Isolated reports of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable during long-term 
therapy. 

osage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 toro mg 
b.i.d. to q.id.; alcoholism, 10 mg tid. or qid. in first 24 hours, 
then j mg tid. or q.id.as needed; semen ee in skeletal 
muscle spasm, 2 to io mg tid. or q.id.; adjunctively in 
convulsive disorders, 2 to 1a: mg b.d. to qid. Geriatric or 
debilitated patients: 2 to 2¥2 mg, 1 or 2 times daily initially, — ; 
increasing as needed and tolerated. (See Precautions.) Children: 
i to 2⁄2 mg tid. or q.id. initially, increasing as needed and : 
tolerated (not for use under 6 months). 

Supplied: Valium® (diazepam) Tablets, 2 mg, 5 mg and 
to mg; bottles of too and. 500. A strengths also available in 
Tel-E-Dose® packages of 1000. 














Valium 
diazepam 


To help you manage excessive psychic tension 


the original 


electrode cream 
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BURTON, PARSONS & CO. INC. 


Manufacturers of Ethical Pharmaceuticals Since 1885 
Washington, D.C. 20027 


` -Æ Available in 
dispenser size. 


Dialose’ Plus has no pits... 


(diocty! sodium sulfosuccinate and sodium carboxymethyicellulose plus casanthranol) 


And no pitfalls, either, inthe management 

of the constipated cardiac patient. 

Because Dialose Plus is more consis- 
tently reliable than the old-fash- 
ioned constipation remedy. 

To lessen the strain of constipation, 
it provides the effective yet 
gentle peristalsis stimulation of 
casanthranol. 








And Dialose Plus softens and lubricates, 


too...for easier, less painful 
defecation. 


Also available: Dialose® (dioctyl sodium 


N 


sulfosuccinate and sodium car- 
boxymethylcellulose)—for ef- 
fective stool softening and 
lubrication, when peristalsis 
stimulation is not required. 


STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


VIDA...Life for hearts too good to die 















Linnaeus called her felis catus. Ancient 
Egypt worshipped the domestic cat, 
deifying her as the goddess Pasht. 

Cat lovers throughout history have 
credited her with acute sensory powers, 
including the ability to distinguish friend 
from foe, warn of silent attack, 

foretell disaster. 


Now, man has VIDA. This pocket-sized 
cardiac monitor keeps continuous watch, 
alerting its wearer that ventricular 
fibrillation, the death-causing arrhythmia, 
may be imminent. Triggered by 
VPC’s or other pre-set 
conditions, the alert may give 
time to prevent fibrillation 

and sudden death. 


Remote diagnosis can be 
made from the VIDA’s 
modulated tone which 

the patient can telephone 
over any distance to a 
VIDAGRAPH" in his 
physician’s office or ina CCU. 


Third of a series. Reproductions on request suitable for framing. 


LE CARDIODYNAMICS —-VIDA MEDICAL SYSTEMS 


6841 DUBLIN BLVD. DUBLIN, CALIFORNIA 94566 


"An open letter to the medical profession 


on the eve of the availability of the 
first production models of VIDA" 






f CARDIODYNAMICS -VIDA MEDICAL SYSTEMS 


6847 DUBLIN BLVD. DUBLIN, CALIFORNIA 96566 


September 1,1972. 
In October, 1969, Cardiodynamics was organized to develop 
_ VIDA, the first portable VPC warning system. In the three 
years since, we have been sustained and greatly encouraged 
by the repeated expressions of interest from physicians © 
in all corners of the United States. Le ies 
The first production models of VIDA are now available. The 
manufacturing technology is intricate, and we have spared no 
pains to ensure the sensitivity, accuracy and reliability — 
of VIDA. We hope you will appreciate — because of this— 
that the initial quantity is limited. | 


Since VIDA is a unique new cardiac device, specially trained 

 Cardiodynamics representatives will make personal delivery 

_. of VIDA. These men are fully familiar with the operating 
principles involved in VIDA and backgrounded in the latest 
clinical applications. They are available on request 

- for advice and assistance. 


. As rapidly as possible, additional quantities of VIDA will be 
distributed to all sectors of the United States. Meanwhile, 
we thank you again for your interest and your patience. — 


For further information on VIDA including pricing and 
- Specifications, please write to us at the address above. — 


Sincerely yours, 


Robert L. Chapman, 
President 











Recording 





the heart's full 





Due to the transient nature of many 
important cardiac abnormalities, a 
physician must follow the ambulant 
patient as he pursues his normal day to 
day activities. Complimenting the resting 
or stress ECG, the InterMedCraft 
continuous long-term recording and 
rapid scan system is an essential 
adjunct to documenting the heart's full 
message. 


Typical clinical applications: 


Detection of serious arrhythmic and 
ischemic heart conditions in the ` 
absence of symptomatic conditions. 
Evaluation of Pacemaker Function. 
Investigative drug studies. 


Isolation of intermittent aberrant 
beats when provided with symptoms 
of angina pectoris, fainting spells, 
or general discomfort. 

Post coronary follow-up 


FEATURES & BENEFITS 


InterMedCraft's Continuous ECG 
Monitoring System meets the demands 


Portable cassette recorder provides Virtually un- 
interrupted data gathering of both patient ECG 
and voice commentary for up to 8 hours, with 
simple cassette change for 8, 16, or 24 hour 
periods without battery change. 


Use of specially designed pre-gelled electrodes 
minimizes artifacts in long-term monitoring. 





message! 


of the practicing physician. In actual use, 


it has proven to be a reliable, 
simple-to-operate, durable system 
providing diagnostic frequency response 
and many additional benefits. 


CASSETTE RECORDER 


Cassette recording 
Simplifies tape loading, handling 
and storage. 


Portable size 

77a" x 4V2” x 2%4"; 3 Lbs. Easily worn 
by patient with shoulder strap 

or waist belt. 


Patient voice channel 

Precise coordination of symptomatic 
conditions with cardiac abnormality. 
Built-in calibrate signal 


Physician can introduce a 1 mv input on 
the tape via “calibrate button.” 


Direct electronic display 

Cable trom recorder to reproducer 
permits “live” display of ECG signal, 
thus verifying operation. 





In rapid scan operation, the reproducer will play 
back every heart beat for an 8 hour period in 15 
minutes. Facilitating abnormality identification, 
one screen provides both a sweep series of 
PQRST images (3-5) and heart rate trend; the 
latter as a vertical sweep of a horizontal line. 
Additionally, rate changes in scan are plotted 
(1mm per sec.) on the ECG pen chart recorder. 
Simple pushbutton automation reproduces signif- 
icant events on scope screen and/or pen chart 
recorder. An audible signal depicts rhythm ab- 
normality and voice commentary. 


InterMedCratt 


A SUBSIDIARY OF THE HITTMAN CORPORATION 


One-step “on/off” operation 
Simplifies operation for physician/ 
nurse and patient. 

Economical operation 


Utilizes standard rechargeable 
batteries and cassettes. 


REPRODUCER/ SCANNER 


Rapid scan 32:1 
Each 8 hour recording can be searched 
in 15 minutes. 


Sweep signal display 
Facilitates search as each complex can 
be compared against its predecessor. 


Digital rotation counter 
Allows precise coordination of elapsed 
time and signal location. 


Rate and voice commentary 
presented aurally 

Changes in rate or presence of 
commentary are readily distinguishable. 


p------------------ 


ECG Systems 
InterMedCraft Corporation 
2710 Forest Lane 

Dallas, Texas 75234 
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l 
l 
l 
] @ InterMedCraft sales and service 
centers are located across the 
I country to assure continuing cus- 
| A tomer satisfaction 
I Independent Regional Centers under a cardiologist's 
| supervision are strategically located to provide 
scanning services to physicians who purchase only 
l the continuous ECG recorder 


| Please send me further information: 


Ig InterMedCraft Continuous Monitoring ECG System 
| O Nearest Regional Screening Center 
Have a Representative contact me 
l H For a demonstration 
| To discuss my specific requirements 
I 
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CHEWABHE 





SURBITRATE 
ISOSORBIDE DINITRATE 5mg. 


goes beyond the benefits 
of sublingual nitroglycerin 





For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


O Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1hr. 2hr. 


? CHEWABLE -E SORBITRATE 

- (isosorbide dinitrate) 
approximate onset of action... 
- as little as 2 minutes 
approximate duration of action... 


up to 2 hours 






NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
sublingual nitroglycerin: 

it can be stored or carried with 
no significant loss of potency. 


And when indicated: Sorbitrate’ 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (iso- 
sorbide dinitrate) is unknown, although the basic pharmacologic 
action is to relax smooth muscle. Isosorbide dinitrate reduces in 
number and severity the incidence of angina pectoris attacks, with 
concomitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and 
treatment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort 
the acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
is indicated for patients in whom the angina pectoris is accom- 
panied by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early 
days of the acute phase of myocardial infarction are insufficient 
to establish safety. Phenobarbital may be habit forming. 
Precautions: Should be used with caution in patients who have 
glaucoma, Tolerance and cross tolerance to other nitrates may 
occur. 

Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the 
headaches which usually diminish or disappear as therapy is 
continued, 

Adverse reactions seen occasionally: Cutaneous vasodilation 
with flushing; transient dizziness and weakness as well as other 
signs of cerebral ischemia associated with postural hypotension; 
individual marked sensitivity to the hypotensive effects of nitrates 
wherein severe responses can occur even with the usual therapeu- 
tic dose (alcohol may enhance this effect); drug rash and/or ex- 
foliative dermatitis. 

This drug can act as a physiological antagonist to norepineph- 
rine, acetylcholine, histamine and other agents. 

Bosses and Administration: Route: Sublingual, oral and chewable 
tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the 
smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 
4 times daily. Although the onset and duration of effect of coro- 
nary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours. 

It is recommended that the oral dosage be taken on an empty 
stomach. 


N STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


9 reasons why the 
ICC Multimedia Learning System 
won't become obsolete 


The nine new components you see below demonstrate 
how Rocom makes additions to the ICC Multimedia 
Learning System to reflect current thinking on inten- 
sive coronary care. Recommendations for keeping the 
system current are made by an advisory panel of ex- 
perts drawn from the fields of cardiology, cardiovas- 
cular nursing, education and film production. 

The system uses a number of different educational 
techniques coordinated by a nurse-instructor at your 
hospital. These include films, filmstrips, audiotapes, 
texts, lectures, demonstrations, clinical experience 
and learner self-assessment. 


New filmstrip: 
Arrhythmias Originating 
in the S-A Node 



















New filmstrip: 
Cardiopulmonary 
Resuscitation (CPR) 


New filmstrip: 
Electrical Hazards 
in the CCU 


d S P 


ve 


New Program N 


Coordinator’s Manual 
and Planning Guide 


New Learner’s 
Workbook and 
Planning Guide 


ese, 9 New Learner 


The Multimedia Learning System permits any hos- 
pital to train its own ICCU nurses. It increases the 
efficiency of established teaching programs, makes 
possible the training of individual replacements on 
any shift, and provides a means for keeping hospital 
staffs abreast of current developments in intensive 
coronary care. 

To see either the new components or the complete 
system demonstrated at your hospital, please write to 
RocoM, Division of Hoffmann-La Roche Inc., 
Nutley, New Jersey 07110. 


ICC Multimedia Learning System 

A Sutherland Learning Associates Production 

Awarded first prize in its category by the National Visual Communica- 
tions Association. Expands and updates “Intensive Coronary Care—A 
Manual for Nurses” by Meltzer, Pinneo and Kitchell (PHS Grant 
NU 00096, N.1.H. Division of Nursing). System financed in part by 
PHS Contract PH 108-67-205, 


New filmstrip: 
Arrhythmias Originating 
in the Atria 


New filmstrip: 
Arrhythmias Originating 
in the A-V Junction 


New filmstrip: 
Arrhythmias Originating 
in the Ventricles 


Self-Assessment 
Program 


ROCOM" 
Division of Hoffmann-La Roche Inc. 


Nutley, New Jersey 07110. 
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Seventy-one patients undergoing valve replacement surgery were Re 
studied before and after Operation to determine change of clinical 
condition and ventricular contractility. Preoperatively, all patients — 
had functional class II or IV disease (New York Heart Association < 
classification) and 55 percent ‘had. _myocardial dysfunction. Post- 


„operatively, the condition of 86 percent of patients improved Clinically a 


by at least 1 functional class, but 56 percent of patients had myo- | 
cardial dysfunction. Cardiac index. and left ventricular end-diastolic _ 
pressures were closely related to changes in angiographically deter- 
mined myocardial contractility. Neither patient age, sex, duration of © 
cardiopulmonary bypass, residual uncorrected valve disease nor ‘ 
coronary artery disease alone determined the degree of impairment. 
in left ventricular: contractility. 

A high incidence of myocardial dysfunction was found pre- and... 
postoperatively in this study. In 16 patients with pure mitral stenosis, 
6 (38 percent) had left ventricular dysfunction preoperatively, dem- | 
onstrating intrinsic. myocardial disease, possibly chronic rheumatic | 
myocarditis.. The demonstration of postoperative myocardial contrac- 
tile abnormalities in previously normal: patients suggests ‘an intra- 


operative cause, perhaps related to cardiopulmonary bypass. Post- : 


operative dysfunction may. (1) exist preoperatively and remain un- 
changed, (2) occur intraoperatively, or (3) exist in a latent form i 
preoperatively but be aggravated by the stress of ‘surgery. Without — 
both pre- and postoperative microscopic examination of the myocar- 
dium in the same patient, it is impossible to determine which pro- 
cess is primary. 


Left ventricular myocardial dysfunction is a well recognized cause of 


‘poor clinical results after operation for valve replacement.1-* How- 


ever, the existence and severity of myocardial abnormalities in the _ 
preoperative state are not well recognized because they are masked _ 
by hemodynamic effects of associated valvular disease. The conses. 
quence of surgical intervention upon myocardial and valvular com- 
ponents of left ventricular dysfunction has also not been fully inves- 
tigated. Whether surgical correction of valvular lesions allows im- : 
provement of the myocardial abnormalities is unknown. 
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(Representations show ventricle in end systole) 


E Normal 













Figure 1. Classification of myocardial contractility. Three 
grades are used: normal, reduced or poor. A diagram of the left 
ventricular chamber configuration in full systole (solid line) is 
shown on the right. Typical examples of actual cineangiographic 
appearance are shown on the left. All frames are taken in the 
right anterior oblique projection on a 6 inch image tube 2 cm 
above the chest. See text for criteria of each class. 


Routine left ventricular stress tests, such as leg or 
arm exercise, angiotensin infusion, isoproterenol in- 
fusion or atrial pacing, may be employed during diag- 
nostic cardiac catheterization to evaluate the patient’s 
preoperative physiologic state. Both resting hemody- 
namic data and these stress tests are nonspecific and 
provide estimates of the total cardiac response. Satis- 
factory differentiation of myocardial from valvular 
disease requires further diagnostic measures such as 
left ventricular cineangiography. This report will at- 
tempt to define the pre- and postoperative incidence 
of myocardial dysfunction by comparing the pre- and 
postoperative resting hemodynamic data and left ven- 
tricular cineangiograms. It examines the relations be- 
tween valvular and myocardial abnormalities and 
suggests possible causes for myocardial dysfunction. 


Materials and Methods 


Data used in this study were obtained from 71 patients 
(23 male, 48 female, mean age 49 years) who were studied 
before and approximately 6 months after valve replace- 
ment. Each evaluation included a complete history, phys- 
ical examination, electrocardiogram, chest fluoroscopy 





and cardiac catheterization. Cardiac medications, espe- 
cially digitalis, when administered preoperatively, were 
also used postoperatively. Anticoagulant agents were 
withdrawn before study to allow a return of prothrombin 
time to normal. Right heart, retrograde left, transseptal 
left and direct left ventricular puncture catheterization 
techniques were used. Steady state hemodynamic mea- 
surements were performed with the patients in a postab- 
sorptive state and under light pentobarbitol sedation. In- 
docyanine green dye techniques were used to evaluate the 
presence of shunts and to determine the cardiac index. 
Left ventricular and aortic cineangiography were per- 
formed in each patient to evaluate ventricular and valvu- 
lar anatomy as well as function. Valvular insufficiency 
was graded on a scale of 0 to 4+.5 


(Representations show ventricle in diastole) 
Normal 


— 


Slight Enlargement 


se 


Moderate Enlargement 


E 


Severe Enlargement 


D 


Figure 2. Classification of left ventricular cavity size. Four 
grades are used: normal, slight, moderate and severe enlarge- 
ment. Diagrams of left ventricular cavity size in full diastole are 
shown on the right. Typical examples of actual cineangio- 
graphic appearance are shown on the left. All frames are taken 
in the right anterior oblique projection. The 3 upper frames uti- 
lize a 6 inch image screen. The frame of severe enlargement 
utilizes a 9 inch image screen. 
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Left ventricular myocardial contractility: Single 
plane ventriculography was performed with the patient in 
the right anterior oblique position. Analysis was limited to 
the first 4 cardiac cycles after the appearance of contrast 
to minimize the effect of dye on myocardial function. Es- 
timation of contractility was obtained by grading each 
area of the myocardium for direction of motion, extent of 
excursions and ability to maintain synchronous sustained 
contractions. This combination of the hemiaxis plot meth- 
od® and standard subjective ventriculographic technique 
permitted comprehensive analysis of left ventricular synergy 
and allowed rapid characterization of ventricular motion by 
several observers. Independent estimates of ventricular 
contractility exhibited little variability and clearly dis- 
criminated the 3 grades of contractility. Myocardial 
contractility was characterized as follows (Fig. 1): 

Normal: substantial excursion of the myocardium, 
equal in all segments, without asynchrony, hypokinesis, 
akinesis or dyskinesis (paradoxical motion). 

Reduced: obvious lack of substantial excursion in 1 or 
more segments, or 1 or more areas of asynchrony, 
hypokinesis, akinesis or dyskinesis, or both. 

Poor: virtually no excursion in any segment, or 
marked asynchrony or hypokinesis and _ akinesis 
throughout, or both. 

Myocardial contractility was evaluated by 2 or more ob- 
servers without knowledge of hemodynamic variables. 
Ventricular cavity size was not used as a determinant of 
contractility. 

Left ventricular cavity size: This was estimated in 
systole and diastole from the first 4 cardiac cycles during 
ventriculography performed in the right anterior oblique 
projection. This evaluation characterized internal ventric- 
ular structures in terms of angiographic features and not 
in relation to wall thickness, other heart chambers, chest 





Moderate Enlargement 


Severe Enlargement 


Figure 3. The 4 general grades of ventricular cavity enlarge- 
ment are demonstrated diagrammatically. Solid lines represent 
the indicated grade; the broken lines indicate other grades for 
comparison. Although relatively little difference exists between 
normal and slight enlargement, peripheral contour changes 
occur predominantly in the grades of moderate and severe en- 
largement. 


structures or the thoracic diameter. Left ventricular cavi- 
ty size (Fig. 2 and 3) was characterized as follows: 

Normal: no detectable dilatation of any segments, 
typical ellipsoid shape retained, characteristic internal 
anatomy (papillary muscle shadows, trabeculations of 
free wall, narrow internal angle of chamber walls with 
plane of mitral valve at mitral annulus) easily distin- 
guished (Fig. 4). 

Slight enlargement: obvious visible dilatation of at 
least 1 segment, typical ellipsoid shape retained, char- 
acteristic internal anatomy easily distinguished. 

Moderate enlargement: dilatation of all segments of 
the chamber or bulbous distortion of either base or 
apex, usually loss of ellipsoid shape, usually loss of 
characteristic internal anatomy. 

Severe enlargement: extreme dilatation of all seg- 
ments of chamber, bulbous distortion of base and apex, 
characteristic internal anatomy absent. 

Surgical resection of papillary muscles was noted and 
chamber size estimated without the use of this criterion. 
Coronary arteriography was performed preoperatively in 
all patients with symptoms suggesting coronary artery 
disease, in all men over the age of 40 and in all postmeno- 
pausal women. Many of the remaining patients also un- 
derwent coronary artery visualization unless the procedure 
was contraindicated. j 
The postoperative results in each case were determined 
by a comparison of the pre- and postoperative hemody- 
namic and clinical data. The variables used were New 
York Heart Association functional classification, cardiac 
index, pulmonary arterial pressure, left ventricular pres- 
sure, aortic pressure and the presence or absence of valvu- 
lar insufficiency. Explanations for poor clinical results and 
for changes of contractility postoperatively were sought by 
analyzing the effects of coronary artery disease, age, sex, 





Moderate Enlargement Severe Enlargement 


Figure 4. The angles described by ventricular anterior and in- 
ferior walls intersecting the plane of the mitral valve are demon- 
strated by broken lines. As the ventricular cavity enlarges, the 
internal angle becomes less acute. The papillary muscles, easily 
seen in the grades of normal and slight enlargement, begin to 
disappear as the chamber reaches larger sizes. See text for cri- 
teria describing each class. 
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Left Ventricular Cavity Size 
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A 
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9 Patients 


Figure 5. Summary of postoperative cavity size compared to 
the preoperative state. The size of each box is proportional to 
the number of patients in the respective postoperative grade. 


specific valvular lesion or lesions, duration of cardiopul- 
monary bypass and residual uncorrected valvular disease. 


Results 


Nonrelation of functional class and contractil- 
ity: Preoperatively, 68 patients were considered to 
have functional class III disease, and 3 class IV dis- 
ease. Postoperatively, the condition of 58 of the 68 
patients with class III disease improved by at least 1 
functional class, in 10 it remained unchanged. The 
condition of all 3 of the patients with class IV disease 
improved. The condition of no patient in either 
group became worse. 

In contrast to the changes in functional classifica- 
tion, postoperative myocardial contractility deter- 
mined by angiography improved in 18, remained un- 


changed in 30 and became worse in 23. These 3 
groups will be analyzed in an attempt to determine 
why angiographic function does not parallel clinical 
results. 

Left ventricular cavity size: Preoperatively, the 
left ventricular cavity size was normal in 16 of the 71 
patients and enlarged in 55. Postoperatively, cavity 
size was normal in 24 patients and enlarged in only 
47. Cavity size decreased in 22 patients, remained 
unchanged in 34 and was enlarged in 15 (Fig. 5). 

Greatest improvement (19 of 32) occurred in those 
patients whose left ventricular cavity size showed 
moderate or severe enlargement preoperatively. 
Marked enlargement occurred in 12 of the 35 pa- 
tients whose cavity size was normal or slightly en- 
larged preoperatively. No chamber of normal size be- 
came severely enlarged postoperatively, whereas 2 
that were severely enlarged became normal. 

Left ventricular contractility: Preoperative 
contractility was normal in 32 patients and abnor- 
mal in 39. Postoperative contractility was normal in 
31 and abnormal in 40. Although there was little net 
change, contractility improved by at least 1 grade in 
18 patients and deteriorated in 23 (Fig. 6). The con- 
dition of only 2 patients with a normal preoperative 


Left Ventricular Contractility 


Preoperative Postoperative 


Normal 


Normal (17) 





Reduced (13) 


32 Patients 












Reduced 


eS 


30 Patients 


Poor 


9 Patients 


Figure 6. Summary of postoperative myocardial function com- 
pared to the preoperative state. The size of each box is propor- 
tional to the number of patients in the respective postoperative 
grade. 
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Changes in Mean Cardiac Index 
Pre-Op 


Post-Op 


Cardiac Index 
(L/min/ m2?) 


@ Potients with unchanged LY contractility post-op, 
X Patients with decreased LV contractility post-op, 
A Patients with improved LV contractility post-op. 


Figure 7. Summary of the changes in cardiac index according 
to postoperative changes in left ventricular contractility. Cardiac 
index rose to higher levels in patients with improved or un- 
changed contractility. The lowest rise of cardiac index occurred 
in patients with decreased contractility. 


contractility degenerated to the “poor” class, and 
only 2 patients with poor contractility achieved a re- 
turn to normal. All other changes in contractility 
were to the next higher or lower grade level. 

Nonrelation of cavity size and contractility: 
Left ventricular cavity size and contractility varied 
independently and were not necessarily related. In 
the group overall, cavity size improved somewhat 
postoperatively, whereas contractility became some- 
what worse (Fig. 4 and 5). This lack of associated 
change is demonstrated well when cases of solitary 
valvular regurgitation are compared to cases of pure 
mitral stenosis. Nine patients preoperatively had left 
ventricular volume overload from either pure mitral 
or aortic regurgitation. Eight (88 percent) of the 9 
had an enlarged left ventricular chamber, but only 4 
(44 percent) had abnormal contractility. Sixteen 
other patients had pure mitral stenosis. Seven (43 
percent) of the 16 had an enlarged left ventricular 
chamber preoperatively; 6 (38 percent) had abnor- 
mal contractility.” 

The same disparity in cavity size and contractility 
existed postoperatively. In 9 patients with volume 
overload, an enlarged left ventricular chamber per- 


sisted in 7 (78 percent), but normal contractility in-' 


creased from 4 to 6 (66 percent) of 9. In the 16 patients 
with mitral stenosis, 8 patients (50 percent) had 
both an enlarged chamber and abnormal contractil- 
ity. Any patient experiencing postoperative change 
had change of either size or contractility, not both. 
Cardiac index: Each of the 3 groups of patients 
(namely, those with improved, unchanged -or poorer 
contractility) experienced some improvement of 
mean cardiac index postoperatively. In general, im- 





proved cardiac index paralleled better contractility 
with greatest rise in cardiac index found in patients 
with improved contractility and least rise in those 
with reduced contractility. The initial values for car- 
diac index in all 3 groups were very low for this labo- 
ratory (lower limits of normal 2.55 liters/min per 
m2), and improvement to substantially normal 
values occurred in the 2 groups with improved and 
unchanged left ventricular contractility postopera- 
tively. Cardiac index rose significantly from 2.04 to 
2.79 (P <0.001) in patients with improved contrac- 
tility and from 2.23 to 2.56 (P <0.01) in patients with 
unchanged contractility, but it rose insignificantly 
from 1.88 to 2.09 (0.1> P >0.05) in patients with 
poorer contractility (Fig. 7). 

Left ventricular end-diastolic pressure: This 
value is a nonspecific indicator of left ventricular 
functional state. Nevertheless, improved or poorer 
left ventricular contractility was closely followed by 
similar changes in left ventricular end-diastolic pres- 
sure. The latter value fell from a high of 17.4 mm Hg 
to 9.8 (P <0.01) in patients with improved contracti- 
lity. The normal value of 8.5 rose to an abnormal 
level of 12.6 (P <0.01) in patients with poorer 
contractility, but the level remained essentially un- 
changed, 10.3 to 11.7 mm Hg (0.4> P >0.3), in pa- 
tients with unchanged contractility (Fig. 8). 


Changes in Mean LVEDP 
Pre-Op 


Post-Op 


LVEDP 
(mm Hg) 





@ Patients with unchanged LV contractility post-op 

X Patients with decreased LV contractility post-op. 

A Patients with improved LV contractility post-op. 
Figure 8. Summary of changes of left ventricular end-diastolic 
pressure (LVEDP) compared to postoperative changes of myo- 
cardial contractility. A greater improvement of LVEDP occurred 
in patients with improved contractility than in either of the other 
groups. LVEDP became significantly worse only in those pa- 
tients with decreased contractility. 
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TABLE | 


Changes in Left Ventricular Contractility According to 
Preoperative Diagnosis* 


Contractility (no. of Cases) 





Diagnosis Improved Worse Unchanged 
MS 3 5 8 
MI 0 5 1 
MS, MI 4 6 15 
MS, Al 1 3 1 
MS, AS 0 1 0 
AS 1 2 2 
Al 2 1 0 
AS, Al 6 0 0 
AS, MI ak 0 0 
AS, Al, MS 0 0 1 
AS, Al, MS, MI 0 0 2 

Total 18 23 30 


* In the group as a whole, improvement occurred in patients 
with aortic valve disease, whereas degeneration occurred in 
patients with mitral valve disease. Findings in patients with 
_combined disease of both aortic and mitral valves resembled 
those of patients with mitral valve disease alone. 

Al = aortic insufficiency; AS = aortic stenosis; MI = mitral 
insufficiency; MS = mitral stenosis. 


Age, sex and pump time: No significant differ- 
ences in age were found among the 3 test groups. 
The mean age for patients whose contractility im- 
proved was 51.5 years, for those with unchanged 
contractility 47.0, and for those with poorer contrac- 
tility 47.1. The duration of cardiopulmonary bypass 
(pump time) was also virtually identical for all 3 
groups. Pump time for patients with improved, un- 
changed and poorer contractility was 114, 96 and 96 
minutes, respectively. 

Distribution of patients by sex within the 3 test 
groups was not unusual. The male/female ratios for 
the 3 groups were: improved contractility 7 male/11 
female, worse 8 male/15 female and unchanged 8 
male/22 female. 

Influence of valvular lesion: Substantially iden- 
tical degrees of ventricular contractile abnormalities 
were found preoperatively in patients with aortic or 
mitral valve stenosis, insufficiency or combined le- 
sions. Overall, however, greater improvement of left 
ventricular contractility was obtained postoperative- 
ly in patients with aortic valve disease than in pa- 
tients with mitral disease (Table I). For patients in 
the group with mitral valve disease, the condition 
improved in 15 percent, remained unchanged in 53 
percent and became worse in 32 percent. For pa- 
tients with aortic valve disease, the condition im- 
proved in 64 percent, remained unchanged in 15 per- 
cent and became worse in 21 percent. 

Specifically, in the cases of left ventricular volume 
overload, contractility became worse in 5 of 6 pa- 
tients with mitral insufficiency, whereas improve- 
ment occurred in 2 of the 3 patients with aortic 


insufficiency. More patients with combined mitral 
stenosis and insufficiency failed to show improve- 
ment (21 of 25) than did patients with combined 
aortic stenosis and insufficiency (0 to 6). When aortic 
and mitral lesions occurred simultaneously, the inci- 
dence of lack of improvement (7 of 9 patients) re- 
sembled that in patients with pure mitral valve dis- 
ease alone. 

Coronary artery disease and technical factors: 
Specific reasons for a decrease in myocardial 
contractility were sought in the group of 23 patients 
who showed deterioration angiographically. In 16 pa- 
tients no complicating or potentially hazardous con- 
ditions were found postoperatively. Specifically, 
there was no evidence of coronary artery disease, 
myocardial infarction, excessive pump time, infec- 
tion, emboli, residual valvular disease or advanced 
age. In the remaining 7 patients, residual valvular: 
disease such as a leaking prosthesis or uncorrected 
disease of another valve was found as a potential 
cause. But this should not have affected contractility 
because abnormalities of identical type and severity 
were found in 3 of the 18 patients whose myocardial 
contractility improved and in 7 of the 35 patients in 
whom it remained unchanged. 

It is significant that coronary artery disease was 
not a major contributing factor in any of the patients 
studied. No angiographically detectable coronary ar- 
terial abnormality was found in 58 of the 71 patients. 
Nonobstructive disease manifested as luminal irregu- 
larities or severe tortuosity was found in 11 patients 
and was evenly distributed among the 3 groups. Ob- 
structive disease (greater than 60 percent narrowing 
of at least 1 vessel) was found in only 2 patients, 
both of whom had unchanged myocardial contractil- 
ity. 

Discussion 

Myocardial dysfunction is probably the least un- 
derstood cause of poor clinical results after cardiac 
valve replacement. In most reports, myocardial dis- 
ease is distinguished from persistent uncorrected val- 
vular disease, prosthetic valvular regurgitation or 
obstruction or other easily demonstrable mechanical 
defects.1-4 Reasons for myocardial dysfunction are 
seldom obvious and, if detected at all, are often not 
found until postmortem examination. Arteriosclerot- 
ie coronary artery disease is the most frequently 
found abnormality associated with myocardial dys- 
function. Other processes include rheumatic 
myocarditis, 1°:41 myocardial fibrosis, myocardial in- 
farction, surgical trauma to coronary arterial orifices, 
multiple coronary arterial emboli, consequences of 
inadequate coronary perfusion (as contraction bands 
or interstitial hemorrhage) and idiopathic myocar- 
dial hypertrophy.12-18 

In contrast to the relatively frequent reports of 
pestoperative myocardial disease causing poor opera- 
tive results, the high incidence of preoperative myo- 
cardial dysfunction (55 percent in this series of 71 
patients) has gone largely unrecognized, and its sig- 
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nificance has remained unknown. There are several 
explanations for this. Resting cardiac hemodynamic 
data are nonspecific and cannot isolate myocardial 
dysfunction. Conventional stress tests such as exer- 
cise, atrial pacing, isoproterenol or angiotensin infu- 
sion, which estimate total ventricular performance, 
do not separate the physiologic effects of valvular 
disease from myocardial disease.!9 Angiocardiogra- 
phy, which is most helpful in distinguishing valvular 
from myocardial disease, has been used chiefly to de- 
tect valvular disease, but has not been used to evalu- 
ate systematically myocardial contractility. Until 
now, there have been insufficient comparisons of pre- 
and postoperative angiographic studies to furnish 
any definite information about changes of myocar- 
dial function. 

Myocardial dysfunction in pure mitral stenosis: 
The 16 patients with pure mitral stenosis represent a 
naturally occurring subgroup that may be analyzed 
separately. None of the patients had obstructive cor- 
onary artery disease or evidence of coronary emboli, 
and none had ventricular volume or pressure over- 
load. However, 6 (38 percent) had abnormal myo- 
cardial contractility, and 7 had an enlarged left ven- 
tricle. Abnormal myocardial function occurring in 
association with mitral stenosis is well known and is 
no longer surprising. Several groups have reported 
dysfuction of such high degree that it appeared to be 
the prime cause of operative failure after valve re- 
placement.!:? Fleming and Wood! and Harvey et 
al.1° described similar findings and proposed the ex- 
istence of a “myocardial factor,” perhaps rheumatic 
myocarditis, as the underlying cause. Myocarditis, 
beginning with the first episode of rheumatic fever, 
need not be active to produce hemodynamic disor- 
der. The microscopic findings of chronic rheumatic 
carditis as described by Siew?? include periarterial 
fibrosis, vascular wall thickening and narrowing of 
the arterial lumens as well as fibrous tissue binding 
of muscle bundles. Further description of small arte- 
rial disease in chronic rheumatic heart disease has 
been performed by James?° and Grismer et al.?1 It is 
likely that these anatomic findings interfere with 
mechanical motion and produce distortion of left 
ventricular chamber contour observable by means of 
ventriculography. Recognition of myocardial effects 
of rheumatic carditis is less difficult in patients with 
pure mitral stenosis because masking lesions are ab- 
sent. It is probable that similar effects occur in asso- 
ciation with other types of rheumatic valve disease 
in which recognition is made more difficult. 

Mitral vs. aortic valve disease: Generally, pa- 
tients with mitral valve disease have less favorable 
angiographic postoperative results than patients 
with aortic valve disease. Although the exact causes 


of this finding are not clear, several observations 
may be made. Factors such as age, pump time, coro- 
nary artery disease, surgical techniques and preoper- 
ative hemodynamic measurements such as cardiac 
index and left ventricular end-diastolic pressure were 
common to both groups of patients. Ventricular cav- 
ity size, valvular regurgitation and residual valvular 
disease were also common to all patients and there- 
fore did not appear to be contributing causes of the 
myocardial problem. Selective coronary cannulation 
and perfusion have been associated with increased 
incidence of left ventricular disease. However, since 
these techniques are used only in patients with aor- 
tic valve disease, they do not satisfactorily explain 
the increased morbidity in patients with mitral valve 
disease. With most major complicating factors ruled 
out, it is reasonable to postulate a basic difference in 
the degree of chronic rheumatic myocardial disease 
present in aortic and mitral valve disease. Until fur- 
ther qualitative studies of pre- and postoperative 
myocardial physiology and microscopic anatomy are 
performed, this question will remain unanswered. 

Causes of postoperative myocardial dysfunc- 
tion: Microinfarcts of the myocardium with patchy 
necrosis from calcium, suture or antifoam silicone 
debris, platelet aggragates and, presumably, air have 
been shown to occur by Taber et al.14 and Allerdyce 
et al.15 This type of postoperative incident is inde- 
pendent of valve replacement and may occur from 
bypass pumping alone.1®.17 These changes are simi- 
lar to the microscopic abnormalities of myocardial 
and interstitial fibrosis, periarteriolar fibrosis and 
myocardial fatty degeneration with loss of striation 
found in chronic rheumatic myocarditis.12 MacCal- 
lum?” has suggested that this process is observable 
upon gross examination of the heart. If so, even mild 
degrees of anatomic disease may be expected to pro- 
duce distinctly and diffusely abnormal myocardial 
contraction in the angiogram. 

If coronary artery disease, myocardial infarction 
and other easily observed causes are ruled out, 
postoperative myocardial dysfunction may (1) exist 
preoperatively and remain unchanged, (2) occur in- 
traoperatively, or (3) exist in a latent form preopera- 
tively but be precipitated by the stress of surgery. 
Both postoperative microinfarcts related to cardiopul- 
monary bypass pumping alone and preoperative 
chronic rheumatic carditis alone offer suitable expla- 
nations for the changes of myocardial contractility ob- 
served in this study. It is not unlikely that microin- 
farcts become superimposed upon an existing chronic 
myocarditis and the two then exist together. Without 
both pre- and postoperative microscopic examination 
of the myocardium in the same patient, it is impossi- 
ble to determine which process is primary. 
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Instantaneous coronary arterial phasic -blood flow velocity was mea- 
sured in 21 patients (8 with coronary artery disease) after amyl ni- - 
trite inhalation. Measurement was made with use of a Doppler ultra- 
sonic flowmeter catheter positioned at the ostia of the coronary arte- 

ries. In all cases, there was an appreciable increase in diastolic cor- 
onary arterial phasic blood flow velocity within 10 seconds. Flow ve- _ 
locity increased from 50 to 216 percent over control values after ad- 

ministration of amyl nitrite. Subjects with marked obstructive coro- 
nary artery disease had decreased peak coronary arterial phasic 
blood flow velocity responses when compared with control subjects. 
Atrial pacing to heart rates attained with amyl nitrite alone resulted 
in no appreciable increase or decrease in coronary arterial phasic 
blood flow velocity, thus showing that increase in the latter was not 
dependent on this action of the drug. Furthermore, increase oc- 
curred before appearance of the arterial hypotensive effect of amyl 
nitrite. The presence of an increase in coronary arterial phasic blood- 
flow velocity after administration of a drug with demonstrable coro- 
nary vasodilating action strongly suggests that one of the important. 
attributes of nitrites is their ability to increase coronary arterial blood 
flow. Cpe eee Be 


The clinical efficacy of nitrites for the relief of angina pectoris is well 
established.. However, the pharmacologic basis of their therapeutic 
action is still controversial. Direct proof of the vasodilator action of 
nitroglycerin (glyceryl trinitrate) has been obtained by selective cor- 
onary arteriography.2 This latter observation does not necessarily” 
prove that vasodilation is the mechanism of therapeutic action of ni 
trites, since peripheral effects of nitroglycerin reduce myocardial 
work requirements at fixed and variable heart rates.” It has been 
proposed that these peripheral effects and a decrease in myocardial 
contractility, with consequent reduction of ventricular work and 
myocardial oxygen demand, account for the beneficial response to 
this drug in patients with angina pectoris.*.° 

This paper describes the effect of amyl nitrite on instantaneous 
phasic coronary arterial blood flow velocity in patients with and. 
without coronary artery disease, as determined by use of the Doppler. 
ultrasonic catheter flowmeter technique.’ 


Material and Methods 


The study group consisted of 21 patients: 8 normal subjects, 8 patients 
with coronary artery disease and 5 with cardiovascular disease of other origin. 
This latter group consisted of 1 patient each with aortic stenosis, come: 
bined’ mitral stenosis and insufficiency, mitral stenosis with aortic insuffi- 
ciency, isolated mitral stenosis and isolated mitral insufficiency. i 

All normal subjects were studied because of chest pain of uncertain origin: 
and murmurs originally thought to represent organic heart disease. All 
diagnoses were established on the basis of complete right and left heart 
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TABLE I 





Summary of Cardiac Catheterization and Angiographic Data from 21 Patients 














Hemodynamics 
m a eee Art 
ee E a Ci Si dP/dt r ai 
„Case Age (yr) NY RA PA liters/min mi/beat (mmHg/ — eee 
no.  & Sex Diagnosis Class (mean) (S/D/M)  LVS/ED Ao perm? perm? sec) LAD LC RC (cm/sec) 
1 39M NI 1A 6 22/6/13 104/6 104/56 3.5 43 1839 0 0 0 43 
2 AQF Ni 1A 3 20/8/12 100/9 100/73 3.4 47 1171 0 0 0 35 
3 45M NI 1A 3 20/9/14 100/10 100/60 2.9 48 1826 0 0 0 31 
4 41F NI IA 4 19/6/10 142/9 142/98 2.7 31 2124 0 0 0 29 
5 58F NI 1A 3 20/8/12 160/5 160/90 2.5 32 1737 0 0 0 27 
6 51F NI 1A 3 20/6/12 yes 125/75 3.6 43 are 0 0 0 29 
7 18M Ni 1A 2 30/7/12 119/10 119/67 4.0 55 2353 :0 0 0 18 
8 41F NI 1A 3 20/7/10 112/8 112/84 3.4 52 1473 0 0 0 32 
9 15F AS 1A 5 26/8/12 140/11 107/94 3.7 51 1614 0 0 0 25 
10 55F MS,MI 2B 5 22/13/15 115/10 115/90 1.6 20 0 0 0 24 
ll 66F MS,Al 2B 5 25/10/18 100/5 100/75 1.9 27 0 0 0 28 
12 63M MS 3C 5 36/15/20 100/11 100/79 2.2 32 wa 0 0 0 32 
13 46M Mi IA 4 26/8/15 100/12 100/75 2.9 26 1280 0 0 0 33 
14 46M CAD 3C 7 23/8/13 105/8 105/72 2.6 36 2745 60> 0 90 4) 
15 48M CAD 4D 3 25/12/12 130/12 130/83 2.8 35 1455 80 100 100 12 
16 66M CAD 2B 4 22/7/12 104/12 104/83 2.2 29 2638 0 0 80 24 
17 40M CAD 4D 3 20/8/11 120/9 120/80 2.3 35 1571 80 90 100 13 
18 54F CAD 2B 6 24/10/12 128/10 128/65 2.7 36 1828 80 0 0 31 
19 58M CAD 2B 5 25/8/10 143/12 143/80 2.8 47 eed 0 0 80 17 
20 55M CAD 2B 2 30/10/14 118/7 118/65 2.5 35 1355 0 0 100 16 
21 54M CAD 4E 3 25/10/15 95/20 95/60 1.7 23 1105 80 30 100 14 





Al = aortic insufficiency; Ao = aortic pressure; AS = aortic stenosis; CI = 


cardiac index; Cor. Art. (% Obstr) == percent obstruction: of 


“coronary artery determined by selective coronary cineangiography; CAD. = coronary artery disease; CABFV = increase of coronary 


é arterial blood flow velocity after amyi nitrite inhalation; dP/dt = derivative of left ventricular pressure rise; LAD = 
left ventricular systolic pressure/left ventricular end-diastolic pressure; MI = mitral 


‘ing artery; LC = left circumflex artery; LVS/ED = 


left anterior descend- 


insufficiency; MS = mitral stenosis; NY Class = New York Heart Association class; NI = normal; PA (S/D/M) = pulmonary arterial 
_(systolic/diastolic/mean) pressure; RA = rightatrium; RC = right coronary artery; St = stroke index. 


catheterization and selective coronary cineangiography. 
.The patients were studied in the conscious, nonsedated, 
postabsorptive state and inthe supine position. Clinical 
„and cardiac catheterization data from the study group are 
“summarized in Table I. 

Instantaneous phasic coronary arterial blood flow mea- 
surements were obtained with a Doppler catheter flow- 
meter (Southwest Research Institute, San Antonio, 
Texas) developed by Stegall et:al.” 

Two hemidiscoid lead zirconate titonate piezoelectric 
crystals oscillating at 8 megahertz (MHz) were affixed to 

¿the tip of a standard no. 7 or 8 woven Dacron” cardiac 
catheter that was connected to a Doppler ultrasonic flow- 
meter telemetry system by wires. The flowmeter telemetry 
system was constructed in our laboratory according to 

-Franklin’s specifications. The technique is based on the 
Doppler principle. A high frequency sound (7 to 10 MHz) 

„from 1 crystal hemidisc was coupled to blood passing 
through the vascular channel around the catheter: A por- 
tion of the emitted sound was backscattered by blood cells 
and detected by the other crystal hemidisc. The reflected 
signal differed in frequency from the incident signal by an 
amount proportional to the velocity of the target: blood 
cells. Thus, the backscattered sound frequency was pro- 
portional to blood velocity. Audio frequency signals ob- 
tained from such measurement were telemetered. to a 
modified FM tuner amplifier (Scott, model 344) through a 
dipole antenna. Demodulated signals from the tuner were 


applied to a speaker system for ‘audible monitoring and to 
a band-pass filter (Krohn-Hite, model 310C). Filtered sig- 
nals were analyzed ‘by a frequency-to-voltage converter 
(Vidar, model 320) with an output of ‘direct-current volt- 
age proportional to the received signal frequency. Record 
calibration was performed by applying a fixed frequency 
from a signal generator (Hewlett-Packard, model 651A) to 
the input of the frequency-to-voltage converter. 

Blood flow velocity was computed by the Doppler shift 
formula: 


Af = 2ft V cos X/C 
where 
Af = frequency shift 
ft = transmitted frequency 
V = blood flow velocity 


X = angle between transmitted frequency and. axis of 
the vascular channel 
C = velocity. of ultrasound in the medium. In this 


case sound velocity was equivalent to 1.5 x 105 
em /séc. 

Zero. flow velocity was. obtained by briefly disconnecting 
the input signal to the frequency meter, since zero fre- 
quency shift corresponded to zero velocity.8 

The Doppler catheter flowmeter was advanced from the 
brachial artery to the ascending aorta under fluoroscopic 
control, and its tip positioned at the. ostium of the left 
coronary artery. The technique used to position the cathe- 
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ter was the same as that used in selective coronary arteriog- 
raphy. Flow velocity signals were considered to be orig- 
inating from the left coronary artery on the basis of both 
repeated fluoroscopic observation of the catheter tip and 
the small systolic flow velocity wave followed by a higher 
and longer diastolic fraction. 

This coronary arterial flow pattern has also been ob- 
tained, in animals instrumented for long periods with 


: cuffed Doppler probes,® and it has been observed in both 


dogs?® and human subjects!! with electromagnetic flow- 
“meters. Such predominant diastolic volumetric flow and 
blood flow velocity is characteristic of the coronary arteri- 
al system}? and to our knowledge. has not been recorded in 
any other circulatory bed of man. 

All aortic root. flow velecity signals, including those 
from the sinuses of Valsalva, are characterized by a. large 
systolic wave with a smaller diastolic component.18 

The analog record of the coronary flow velocity curves, 
intracardiac pressures. and lead Il of the electrocardiogram 
were recorded on a multichannel tape recorder (Sanborn, 
model 3900) and on a light beam oscillographic recorder 
(Electronics for Medicine, model DR-12) operated at vari- 
ous paper speeds. 

A crushed ampoule of 0.3 cc of amyl nitrite was held 1 
‘inch from the patients’ nostrils for 10 to 20 seconds. The 
“patients were carefully instructed to breathe at their nor- 

mal rate and depth of respiration. Left. coronary arterial 
blood: flow velocity records. were obtained continuously, 
without catheter repositioning, for periods of up to 2 min- 
utes. Simultaneous femoral arterial pressure was also re- 
-corded in a few patients: In 5 cases, right atrial pacing at 
rates of 90 to 150/min was performed in order to measure 
coronary arterial blood flow velocity during increased 
heart rates corresponding approximately to those achieved 
during inhalation of the drug. In this manner the effect of 
tachycardia, a recognized consequence of amyl nitrite in- 
halation, could be evaluated. In 3 other patients without 
coronary artery disease, left coronary arterial blood flow 
velocity was measured after sublingual administration of 
nitroglycerin. 

Since the Doppler catheter flowmeter measures flow ve- 
_Jocity and not volumetric flow, coronary flow was mea- 
sured in 20 chronically instrumented greyhound dogs dur- 
“ng amyl nitrite administration. The application of Dop- 
pler ultrasonic flow transducers to experimental animals 
for volumetric flow measurement has been previously de- 
scribed by Van Citters and Franklin® and recently utilized 
“in dogs for the characterization of coronary flow during 
‘digitalis administration by Vatner et al.14 Measurements 
were obtained from the left anterior descending coronary 
artery 1 to 4 weeks after implantation of internal flow 
transducers, diameter 3mm (Parks Electronics Lab, Beav- 
erton, Ore.). The vessel wall was constrained by the close- 
fitting transducer, which limited radial expansion and 
fixed vessel caliber. After sacrifice of the dogs, it. was 
noted that the flow transducers were firmly adherent to 
the coronary arteties by fibrous scar tissue. Under these 
circumstances, coronary flow velocity was directly related 
to volumetric flow. This linear relation has been noted 
previously.15 


Results 


Effects of amyl nitrite: The normal pattern of 
phasic coronary flow velocity in man obtained with 
use of this technique has recently been described®; 
briefly, the records are characterized by a predomi- 
nant diastolic wave and a small systolic wave. The 
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peak of the diastolic wave coincides with the down- __ 
slope of the T wave of the electrocardiogram and is _ 
continuous throughout diastole, almost never reach- 
ing base-line—that is, zero-flow velocity. During the- 
ascending limb of the T wave of the electrocardio- __ 
gram, the smaller systolic wave occurs. In normal i= 
subjects, it results in a peak flow velocity of 20 to 25 
percent of that during diastole. The wave form in © 
patients with minimal or moderate obstruction. of 
the left and right coronary arteries is not significant- 
ly different from that of normal subjects. Patients 
with severe coronary artery. disease (greater than 80 
percent obstruction) manifest an increase in the sys- 
tolic component. ; 
During amyl nitrite inhalation, both heart rate _ 
and coronary arterial peak flow velocity increased in 
all cases, the effect. being noticeable within 2 to 5 
seconds after the start of inhalation. However, maxi- 
mal peak flow velocity occurred between 12 and 50 
seconds after the start of inhalation (Fig. 1). Both 
the peak systolic and diastolic components of blood 
flow velocity increased in all cases, but the increase © 
in peak diastolic fraction was more marked (Fig. 2 to 
4). In addition, the values for flow velocity of the 
lower diastolic fraction in patients with severe coro- “ 
nary artery disease increased significantly. Com- 
pared with control values, the maximal diastolic 
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Figure 1. Percent increase of peak left coronary arterial flow — 
velocity and time of maximal flow velocity rise observed in the 
study group. Note that maximal peak flow velocity occurs be- 
tween 12 and 50 seconds after inhalation of amyl nitrite in-all 
subjects. 
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Figure 2. Left coronary arterial blood flow velocity recorded 
from 2 patients with significant left coronary artery disease. 
Note the marked increase of coronary artery flow velocity after 
amyl nitrite inhalation in both cases. In B, a simultaneous lead 
II of the electrocardiogram (LII) is demonstrated in the record 
of a 55 year old woman with 80 percent obstruction of the left 
anterior descending coronary artery. A, Case 14. B, Case 18. 
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Figure 3. Left coronary arterial blood flow velocity recorded 
from 2 patients with no evidence of coronary artery disease. The 
response to amyl nitrite inhalation does not differ significantly 
from that of patients in Figure 2. A, Case 7. B, Case 3. 


peak flow velocity increased by an average of 92 per- 
cent for the study group. In those patients with se- 
vere coronary artery disease, the magnitude of in- 
crease in peak coronary flow velocity was less after 
amyl nitrite administration than in control subjects 
(Fig. 5). Phasic coronary arterial blood flow velocity 
usually returned to control values within 80 seconds 
after discontinuation of amyl nitrite inhalation. Si- 
multaneous coronary arterial flow velocity and femo- 
ral arterial pressure recordings in a few patients 
demonstrated that coronary arterial blood flow ve- 
locity increased before the onset of amyl nitrite-in- 
duced peripheral arterial hypotension (Fig. 6). 

Effect of nitroglycerin: Coronary arterial blood 
flow velocity records revealed that nitroglycerin ad- 
ministration increased peak flow velocity no more 
than 70 percent above control values. The time of 
greatest increase in peak blood flow velocity after 
administration was 30 seconds (Fig. 7). Thus, nitro- 
glycerin also increased coronary arterial peak flow 
velocity, but the magnitude of the increase was less 
than that resulting from amy] nitrite inhalation. 

Right atrial pacing: Compared with control rec- 
ords, right atrial pacing at rates up to 130/min re- 
sulted in no statistically significant change in coro- 
nary arterial blood flow velocity; at rates of 130/min, 
coronary arterial blood flow velocity diminished in 4 
cases and did not change in 1. 





Figure 4. Case 14. Selective coronary arteriogram from the 
patient whose coronary arterial blood flow velocity response to 
amyl nitrite is shown in Figure 2A. Note the diffuse and seg- 
mental left and right coronary artery disease. There is 60 per- 
cent obstruction of the left anterior descending coronary artery 
and 90 percent obstruction of the right coronary artery. 
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Figure 6. Case 13. Simultaneous lead || of the electrocardiogram (LII), femoral arterial pressure (Fem. Art. prone: phasic and 
mean left coronary arterial flow velocity recordings from a 46 year old man with mitral insufficiency. During amyl nitrite inhalation, 
there is an increase in left coronary arterial flow velocity at a time when femoral arterial pressure has not substantially diminished. 
However, the phasic and mean left coronary arterial flow velocity recordings reach maximal values when femoral arterial pressure is 
at its lowest level. 
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Animal studies: Inhalation of 0.3 cc of amyl ni- 
trite resulted in an increase of coronary arterial 
blood flow in all 20 dogs (Fig. 8). The augmentation 
of peak coronary diastolic flow ranged between about 
1.5 to 2.5 times normal. 

Discussion 

Measurements of coronary arterial and myocardial 
blood flow after nitrite administration have been at- 
tempted in both experimental animals and human 
subjects. In dogs, radioactive }°8xenon clearance 
studies conducted to determine myocardial blood 
flow have yielded conflicting results.16-17 Similarly, 
implanted electromagnetic flowmeter experiments 
have revealed both increase!®-19 and no change?® in 
myocardial blood flow after nitroglycerin administra- 
tion. Left ventricular myocardial blood flow has been 
measured utilizing heated implanted thermocouples. 
With the latter technique, amyl nitrite increases and 
decreases myocardial blood flow in dogs and rabbits, 
respectively.?1 Nitroglycerin increases coronary arte- 
rial blood flow in the coronary venous bypass prepa- 
ration in dogs.? 

The dissimilar results of animal experimentation 
are paralleled in studies concerned with coronary ar- 
terial and myocardial blood flow in man.! Nitrous 
oxide,* radioactive 133xenon!®:23 and 84rubidium co- 
incidence counting?4-27 flow measurement methods 
have revealed increase, decrease, no change or un- 
predictable response of coronary blood flow to nitro- 
glycerin administration in normal subjects and pa- 
tients with coronary artery disease. This disparity of 
results is probably based on the different experimen- 
tal preparations and drawbacks of the various tech- 
niques. Isotope dilution, coronary venous and nitrous 
oxide measurements do not quantify phasic instanta- 
neous flow and at times require lengthy periods for 
determination. Radioisotope precordial measure- 
ments do not indicate whether normal or abnormal! 
vessels are responding to the pharmacologic action of 
the drug.! A recent study utilizing electromagnetic 
coronary probes with analog computation showed 
that phasic instantaneous coronary blood flow in- 
creased in dogs after intravenous administration of 
nitroglycerin.28 However, sublingual administration 
resulted in no increment in coronary flow. Our find- 
ings indicate that administration of amyl nitrite and 
nitroglycerin increases phasic coronary arterial blood 
flow velocity in patients with and without coronary 
artery disease. 

Interpretation of results: The Doppler catheter 
technique used in this study.measures blood flow ve- 
locity and does not directly quantify volumetric flow. 
Our findings can be interpreted as an absolute in- 
crease of flow on the basis of. previous observations 
concerning the factors that influence flow. Pressure, 
resistance and vessel cross-sectional area are the 
major determinants of blood flow. It has been dem- 
onstrated that nitrites decrease vascular resis- 
tance,3:5.28.29 a finding compatible with increased 
coronary blood flow. Volumetric blood flow is directly 


proportional to pressure, and blood flow velocity is in- 
versely related to the cross-sectional area of a vessel. 
To explain an increase in blood flow velocity without a 
concomitant increase in volumetric flow or decrease 
in resistance, our observations would have to be 
predicated on the basis of a vasoconstrictive or hy- 
pertensive effect of nitrites. These agents produce 
exactly the opposite effect,?-3:29-31 that is, vasodila- 
tion and hypotension, thus reinforcing the significant 
influence of coronary arterial dilation on volume 
flow. 

Furthermore, our preliminary results using cuffed 
probes to quantify coronary arterial flow in experi- 
mental animals reveals an absolute increase in volu- 
metric flow after amyl nitrite inhalation. The ab- 
sence of any substantial increase in coronary arterial 
blood flow velocity during atrial pacing indicates 
that tachycardia alone is not the mechanism by 
which amyl nitrite increases coronary blood flow ve- 
locity. No definite conclusions can be made con- 
cerning the lack of any statistically significant aug- 
mentation of corcnary flow velocity in 5 subjects 
during atrial pacing at rates of up to 130/min. Fac- 
tors that might limit coronary flow velocity during a 
concurrent increase of mean volumetric coronary 
flow per minute include diminished aortic diastolic 
blood flow velocity and phasic alterations of coronary 
vascular resistance. These determinants of coronary 
blood velocity are currently under investigation in a 
larger series of paced patients at this laboratory. 

Clinical implications: Nitrite-induced coronary 
flow velocity augumentation observed in our studies 
may act in concert with other central and peripheral 
changes to provide the well known therapeutic ef- 
fects of these drugs.3* Nitroglycerin diminishes ven- 
tricular dimensions and thereby reduces cardiac oxy- 
gen requirements.** Despite these actions of nitrites, 
no consistent alterations of coronary sinus oxygen 
content have been noted after administration of 
these agents.4 However, in experimental animals 
with coronary arterial obstruction, nitrites increase 


-both regional blood flow and local oxygen content in 


the ischemic myocardium. At the same time there is 
no modification of mean arteriovenous oxygen differ- 
ence of healthy myocardium oxygen content.34 Our 
findings are consistent with the- proposition that 
myocardial blood flow is enhanced by nitrites, possi- 
bly by an increased collateral or conductive coronary 
arterial diameter.15 Coronary sinus oxygen tension 
sampling estimates a mean value and does not re- 
flect regional myocardial oxygen arteriovenous differ- 
ences on an instantaneous basis. Until regional in- 
stantaneous myocardial blood flow and oxygen con- 
sumption can be assessed in conscious, closed-chest 
man, the effect of increased blood flow velocity on 
myocardial oxygenation remains speculative. 

In summary, nitrites enhance phasic coronary ar- 
terial blood flow in both normal subjects and pa- 
tients with coronary artery disease. In contrast to 
previous observations, this finding strongly suggests 
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that one of the important attributes of nitrites is 
their ability to increase coronary arterial blood flow 
in normal and diseased coronary arteries in addition 
to other peripheral effects of these drugs. 
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The electrocardiographic changes associated with coronary arte- 
riography were compared with those occurring during left ventricular 
catheterization in 16 patients. In 1 patient, a 36 year oid man, tran- 
sient left anterior divisional block was documented when the cathe- 
ter tip was in the outflow tract of the left ventricle. The AQRS shifted 
from +90 to —50°, the initial 0.02 second QRS forces shifted in- 
feriorly and to the right, and the QRS interval increased from 0.07 to 
0.09 second, fulfilling previously described criteria for the diagnosis 
of left anterior divisional block. This was attributed to transient injury 
of the anterior division of ‘the left bundle branch. During recovery, 
several progressively decreasing degrees of left anterior divisional 
block were recorded. 

In the same patient and in the other 15, selective opacification of 
the coronary arteries shifted the main QRS forces, without change in 
the direction of the initial QRS forces. The axis shifts occurring dur- 
ing coronary arteriography are attributed to parietal block. Selective 
opacification of the coronary arteries does not affect the. intraven- 
tricular conducting fascicles and Purkinje f fibers. 


The subendocardial location of the main fascicles ofthe intraventric- 
ular conduction system leaves them vulnerable to mechanical injury 
when catheters are manipulated within the ventricular cavities. Dur- 
ing catheterization of the right ventricle, transient right bundle 
branch block may be induced accidentally!:!) or intentionally. 12:13 
However, because the left bundle branch is shorter and thicker than 
the right, left bundle branch block is less commonly induced during 
catheterization of the left  ventricle.4 Left anterior divisional 
block?5-17 has not been reported. 

The purpose of this communication is to compare the electrocardio- 
graphic changes of left anterior divisional block induced by cathe- 
terization of the left ventricular outflow tract with those induced dur- 
ing coronary arteriography in order to demonstrate that the latter 
are due not to divisional block, but to parietal block. 

We studied 16 patients. In all 16 we recorded the 3 standard limb 
leads simultaneeusly during catheterization and opacification of the 
left ventricle and selective opacification of the coronary arteries. All 
studies were performed with sodium and meglumine diatrozide (Hy- 
pague 758), 


- Case Report. 


A 36 year old man with angina pectoris, a normal-electrocardiogram at 
rest and an equivocal 2-step exercise test was referred: for coronary arteri- 
ography. The left coronary artery was opacified 3 times. On several occa- 
sions the catheter tip slipped into the left ventricle.and transient left ante- 
rior divisional block was observed. 

When the catheter tip was located: in the subaortic region, we recorded 2 
bursts of ventricular ectopic beats separated by a short interval during 
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Figure 4. Transient left anterior divisional. block during cathe- 
terization of the ventricle, ‘Leads 1; tand Hi simultaneously re- 
corded. The 3 strips: are continuous. The first burst of ectopic 
‘beats indicates when the catheter tip slipped into the left ventri- 
cle. Beats showing left anterior divisional block are numbered. 
‘Beats 2,3 and 4 exhibit the greatest degree. of left anterior divi- 
gional block. After beat 4, left anterior divisional block progres- 
‘sively diminishes in degree, unti! total disappearance. Note oc- 
currence of Q waves in lead | and obliteration of Q waves in 


~~ teads H and IH. 


: which a sinus beat. was present (Fig. 1). Most of the ectop- 
<ie heats had the pattern of right bundle branch. block 
“owith left. posterior divisional block, as expected when ab- 
normal ventricular activation arises from the outflow tract 
‘of the left ventricle, within the area of the anterior divi- 
sion of the left bundle branch.1518 During the second 


burst and immediately thereafter, several sinus beats were 


registered in which the typical findings of left anterior di- 
-visional block were present. Comparison of the 3 beats in 
‘which the maximal QRS. changes occurred (beats 2 to. 4) 
with the control pattern at the beginning of the same strip 
“shows the following changes: (1) The approximate AQRS 
changed from +90 to —50°% (2). An SQ pattern was 
transformed into a Q,S3 pattern. (3) The QRS interval 
widened from 0.07 to 0.09 second. These are precisely the 


“changes that have been ascribed to left anterior divisional 


block, as observed experimentally15-16 and in clinical 
cases of intermittent left anterior divisional block.*? This 
interpretation was supported by the subsequent course of 
events. After beat 4; and for at least 10 successive sinus 
beats, left anterior divisional block began to diminish in 
degree until it disappeared. The AQRS shifted gradually, 
beat by beat, from ~—50° to the control direction of +90°. 
This is graphically illustrated by the almost linear de- 


“o¢reage in the amplitude of the S wave in lead IM. Al- 


though less obvious, the QRS interval also diminished 
progressively from 0.09 to 0.07 second. Finally, the Q wave 


in lead I also gradually diminished. It should be noted. 
that a small Q wave is still present in the eighth beat 
after beat 4, when S; still has not regained its controlam- ~ 
plitude. This sequence illustrates the occurrence of. pro- 
gressively decreasing degrees of left anterior divisional 
bleck. ; 
Figure 2 illustrates the maximal QRS changes recorded . 
during opacification of the left coronary artery. As com- ` 
pared with the control tracing and as previously re- 
ported, !®™22 the approximate AQRS shifted from +90° to” 

~30°, and the QRS interval widened from 0.07 to 0.08 sec- 
ond. These 2 changes simulate those observed during tran- 
sient left anterior divisional block. However, no change oc- 
curred in the direction of the initial QRS forces. There- 
fore, the QRS pattern after opacification of the left coro- 
nary artery was not considered to be transient left anterior 
divisional block. Also, during opacification of the left cor- 
onary artery the T waves became deeply inverted in lead- 
I, and tall and wide in leads Il and III. This well known. 
sequel of coronary arterial opacification with hypertonic 
contrast. medium}*-22 is not a feature of left anterior divis- 
sional block. 


Results 


In the subsequent 15 cases, the left ventricle was 
catheterized and opacified, and both coronary arte- 
ries were well opacified in every instance. A total of: 
90 injections with simultaneous 3 lead electrocardio- 
graphic recordings was available for examination. 

Positioning the catheter for left ventriculography 
and the contrast injection itself provoked ventricular: 
extrasystoles, but we did not again encounter left 
anterior divisional block. Coronary arteriography 
produced the anticipated alterations in the duration 
and orientation of the QRS complexes and T waves. 
These changes have been documented previously, 
and here we will only emphasize that no change oc- 
curred in the initial 0:02 second QRS vector in any of 
our cases (Fig. 3). 





i Aiai! An AS E 
Pe UER CONE: E 


Aann 


Hos 


ae ag 


Figure 2, QRS changes during opacification of the left coro- 
nary artery (same patient). The 3 strips are continuous: 
Standardization signals beginning of injection. These. changes. 
resemble. those observed during transient left anterior divisional 
block. However, no change occurs in the direction of the initial 
ORS forces. i 
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Figure 3. Typical electrocardiographic changes after selective 
coronary arteriography in a patient with mitral valve disease (A) 
and coronary artery disease (B). In both cases AQRS shifts to 
the left after left coronary arterial opacification and to the right 
alter right coronary arterial opacification, The initial QRS veg- 
tors are not shifted. This finding rules out divisional block (con- 
trast Fig. 1). Note the striking changes in repolarization after 
coronary arteriography (contrast Fig. 1 and compare Fig. 2). 


Discussion 


The anterior division arises from the anterior third 
of the main left bundle branch and sweeps obliquely 
across the outflow tract of the left ventricle toward 
the base of the anterior papillary muscle. This divi- 
sion is longer and thinner than the posterior division. 
Therefore, it is possible for transient left anterior di- 
visional block to occur during left ventricular cathe- 
terization. 

Flectrocardiographic criteria for the diagnosis of 
pure, uncomplicated left anterior divisional block 
have previously been reported.15-17 They include a 
shift of the main QRS forces superiorly and to the 
left to approximately —60°, a change in the initial 
0.02 second QRS forces which become oriented infe- 
tiorly and to the right at approximately +120°, and a 
QRS widening not exceeding 0.02 second. All these 
criteria were fulfilled during left ventricular cathe- 
terization in the present case, thus suggesting that 
the observed electrocardiographic changes were due 
to transient injury of the anterior division of the left 
bundle branch. On the other hand, during selective 
opacification of the left coronary artery, although the 
main QRS forces shifted to the left, no change in the 
direction of the initial QRS forces occurred; thus, the 


pattern could net be considered an example of left 
anterior divisional block. ` 

It has been postulated that the shifts in AQRS oc- 
curring during selective opacification of the coronary 
arteries are due to transient injury to the anterior or 
posterior division of the left bundle branch.?!-23 This 
hypothesis is based upon the observation that the 
axis shifts are similar to those described in anterior 
or posterior divisional block, but it ignores the ab- 
sence of change in the initial portion of the QRS 
complex. 

Fernandez and  co-workers?3 observed QRS 
changes during coronary arteriography identical to 
those found in our patients and ascribed them to 
block in the divisions of the left bundle. However, 
they reported that the initial 0.02 second vector was 
not significantly modified and concluded that: “left 
intraventricular hemiblock can be present without 
any significant change of the initial 0.02 second QRS 
vector.” We regard inferior and rightward displace- 
ment of the initial QRS complex to be an indispens- 
able ingredient in the diagnosis of left anterior hemi- 
block,15:17 and we do not accept the concept of an 
exception to this rule for the general case of selective 
coronary arteriography. Catheterization. of the left 
ventricular outflow tract in 1. of our patients pro- 
duced a leftward and superior shift of the AQRS as- 
sociated with rightward and inferior deviation of the 
initial 0.02 second QRS vector. We diagnosed tran- 
sient left anterior divisional block in this case. In 16 
cases the shifts in AQRS produced by selective coro- 
nary arteriography were not accompanied by the 
changes in the initial 0.02 second QRS vector that 
characterize the divisional blocks. Therefore, we did 
not diagnose divisional block in any of these in- 
stances. The causes of axis shifts during selective 
opacification of the coronary arteries remain unclear 
and require further study, but they do not include 
block of the divisions of the left bundle branch. 

The mechanism of the QRS changes occurring 
during coronary arteriography: An intraventricu- 
lar conduction disturbance may occur at 4 different 
levels!®.18; (1) in the main bundle branches (the 
bundle branch blocks), (2) in the main subdivisions 
of the left bundle branch (the “divisional blocks’’), 
(3) in the Purkinje networks (arborization,?4 reticu- 
lar or Purkinje blocks!5), or (4) in the myocardium 
(the parietal blocks?5.26). Since the QRS changes 
observed during coronary arteriography cannot. be 
attributed to bundle branch block or divisional 


block, they must be related to either reticular or pari- 


etal block. The absence of changes in the initial 
QRS forces strongly suggests that the conduction 
disturbance occurs in the myocardium rather than in 
the Purkinje tissue.1® A conduction disturbance in- 
volving the entire Purkinje network of the anterior 
division of the left bundle branch would result in 
electrocardiographic effects identical to those occur- 
ring in left anterior divisional block. Ventricular ac- 
tivation would start within the Purkinje network of 
the posterior division and the initial QRS forces 
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would therefore shift inferiorly and to the right, as in 
left anterior divisional block. Conversely, if the le- 
sion were limited to the myocardium of the antero- 
lateral wall of the left ventricle without involvement 
of Purkinje fibers, the initial portion of left ventricu- 
lar activation ought not be affected, since ventricular 
activation would start simultaneously in the unin- 
volved anterior and posterior left ventricular Pur- 
kinje networks. Therefore, the absence of initial QRS 
changes constitutes the principal evidence that QRS 
changes occurring during coronary arteriography are 
caused by parietal block. 

The hypothesis of a lesion confined to the myocar- 
dium explains several characteristics of the QRS 
changes induced by coronary arteriography. Left or 
right bundle branch block almost never occurs and 
therefore divisional block, either anterior or poste- 
rior, is unlikely. Furthermore, in patients with 
preexisting left anterior divisional block, selective 
opacification of the right coronary artery fails to pro- 
duce left bundle branch block. However, left anterior 


. divisional block does not prevent the right axis shift 


characteristic of selective right coronary arterial — 
opacification even though the impulse first reaches 
the posterior Purkinje network. This is because acti- 
vation of the posterior myocardium is delayed by thë. 
regional effect of selective opacification and the im- 
pulse travels by way of interconnections to the ante- _ 
rior Purkinje network. 2 
Clinical implication: The question arises wheth- 
er other QRS axis shifts observed in man could con- 
ceivably be due to parietal rather than divisional- 
block. A lesion affecting the entire Purkinje network — 
or the entire mass of 1 ventricle or 1 ventricular wall : 
may result in a change identical to that produced by 
a lesion of the corresponding bundle branch or divi- 
sion of the left bundle branch.15-16 However, this 
could occur only as a transient or experimental phe- | 
nomenon,25-27 during coronary arteriography, for ex-: 
ample, since under ordinary conditions such exten- 
sive lesions are incompatible with prolonged surviv- 
al. Thus, reticular and parietal blocks must almost 
of necessity be focal5.16 and would not cause a sig- 
nificant shift in AQRS. 


References 


1: Lenegre J, Maurice P: La derivation directe, intracavitaire 
des courants électriques de J'oreillete et du ventricule 
droits. Arch Mal Coeur 38:298-302, 1945 

2. Fowler N, Westcott RN, Scott RC: Disturbances in cardiac 
mechanism of several hours’. duration complicating cardiac 
venous catheterization. Amer Heart J 42:652-660, 1951 

3. Simonson E: Transient right bundle branch block produced 
by heart catheterization in man. Amer Heart J 41:217-224, 

` 4951 

4. Lasser RP, Borun R, Gordon AJ, et al: Electrocardiograph- 
ic abnormalities induced by. cardiac catheterization, J 
Mount Sinai Hosp NY 17:295-302, 1951 

» 5. Caini-B, Panuccio P: Bloc de. la branche droite et dissocia- 
tion. auriculo-ventriculaire transitoire au cours du cathé- 

; tetisme du coeur. Acta Cardiol (Brux) 9:525~-531, 1954 

os 6. Carlotti J, Ioannides P, Birnbaum $, et al: A propos des 

>> “perturbations electrocardiographiques: au cours du cathé- 
terisme intracardiaque (Travail base sur 633 cathéter- 

< Jsmes). Arch Mal Coeur 47:833-841, 1954 

7.. Morato-Portal J, Balaguer V, Torner Soler M: Alteraciones 
-~ glectrocardiograficas en el curso del cateterismo cardiaco. 
Arch Esp Med Intern 1:287-305,1955 
8. Saponaro A, Strano A, Filocamo G: Turbe trasitoire della 
conduzione intraventricolare destra da cateterismo cardi- 
. aco. Boll Soc Ital Cardiol 1:137-145, 1956 
«9. Burgaro L, Dalla Volta S, DeCastro B: Considerations re- 
garding. right bundle branch block occurring in cardiac 
catheterization (abstr). Circulation 16:1112, 1957 
40: Scebat L, Renais J, Meeus-Bithe L, et al: Accidents, indi- 
cations. et contre indications: du cathéterisme des cavités 
droites du coeur. Arch Mal Coeur 50:943-959, 1957 
11. Perosio AM, Macchi RJ,Suarez LD, et.al: Accidentes y 
-complicaciones del cateterismo cardiaco (Analisis de 400 
casos). Prensa Med Argent 49:1539-1546, 1962 
12. Penaloza D, Gamboa R, Sime F: Experimental right bundle 
branch block in the normal human heart. Electrocardio- 
graphic, vectorcardiographic and hemodynamic observations. 
Amer J Cardiol 8:767-779, 1961 
13. Viola AR, Tempone ND, Zuffardi EA, et al: Bloqueo de 
rama derecha provocado y criterios electrovectorcardiogra- 
ficos de hipertrofia ventricular derecha. Medicina (B Air) 
27:175-181, 1967 
14, Mcintosh HD: Cooperative study on cardiac catheteriza- 


tion, chapter 5. Arrhythmias. Circulation 37: suppl 3:27-35; 
1968 

15. Rosenbaum MB, Elizari MV, Lazzari JO: Los Hemibloques. | 
Buenos Aires, Ed Paidos, 1968, p 203-272 

16. Rosenbaum MB, Elizari MV, Lazzari JO: The Hemiblocks. 
New Concepts of Intraventricular Conduction Based on 
Human- Anatomical, Physiological and Clinical Studies. 
Oldsmar, Fla; Tampa Tracings, 1971, p 71-96 

17. Rosenbaum MB, Elizari MV, Levi RJ, et al: Five cases of 
intermittent left anterior hemiblock. Amer J Cardiol 24:1~7, 
1969 

18. Rosenbaum MB: Classification of ventricular extrasystoles 
according to form. J Electrocardiol 2:289-297, 1969 

19. MacAlpin RN, Weidner WA, Kattus AA Jr, et al: Electro- 
cardiographic changes during selective coronary cineangi- 
ography. Circulation 34:627-637, 1966 

20. Cosky RL, Magidson O: Electrocardiographic response to 
selective coronary arteriography. Brit Heart J 29:512-519, 
1967 

21. Fernandez F, Bessede A, Charpentier E, et al: Modification 
de l'électrocardiogramme au cours de l'artériographie coro- 

_ naire selective. Arch Mal Coeur 4:504-518, 1968 

22. Maytin O, Castillo C, Castellanos A Jr: The genesis of QRS 
changes produced by coronary angiography. Circulation 
41:247-255, 1970 

23. Fernandez F, Scebat L, Lenegre J: Electrocarciographic 
study of Jeft intraventricular hemiblock in man during selec- 
tive coronary arteriography. Amer J Cardiol 26:1~5, 1970 ; 

24. Oppenheimer. BS, Rothschild MA: Abnormalities in the 
QRS group of the electrocardiogram associated with myo- 
cardial involvement. Proc Soc Exp Biol Med 14:57-59, 1916 

25. Alzamora-Castro V, Abugattas R, Rubio C, et al: Parietal 
focal block: an experimental and electrocardiographic 
study. Circulation 7:108-115, 1953 : 

26. Segers M: The different types of intraventricular block. 
Amer Heart J 37:92-99, 1949 

27. Han J, Malozzi AM, Moe GK: Transient ventricular con- 
duction disturbances produced by intra-atrial injection of 
single doses of KCI. Circ Res 21:3-8, 1967 

28. Pruitt RD, Barnes AR, Essex HE: Electrocardiographic. 
changes associated with lesions in the deeper layers of thé: 
myocardium. An experimental study. Amer J Med Sci” 
210:100-113, 1945 


September 1972 The American Journal of CARDIOLOGY Volume 30 337 


Mean Electromechanical AP / At 


An Indirect Index of the Peak Rate of Rise of Left Ventricular Pressure 


“GEORGE DIAMOND, MD* 
GAMES S. FORRESTER, MD 
“KANU CHATTERJEE, MBBS 
“STANLEY WEGNER, BA 
THSC: SWAN, MB, PhD, FACC 


Los Angeles, California 


>From the Department of Cardiology, Cedars- 
Sinai Medical Center and the Department of 
“Medicine, University of California at Los An- 
` geles, Calif. This study was supported in part 
by Contract NIH-PH-68-1393 under the Myo- 
¿cardial infarction Research Unit : Programi, 
National Heart and Lung institute; the Na- 
“tional Institutes. of Health, Department. of 
Health, Education and Welfare, United 
“Hostesses Charities and U.S. Public Health 
--Service Grant 5. $01 RR 05468. Manuscript 
‘received October 27, 1971; revised manu- 
script received December 27, 1971, ac- 
cepted March 31, 1972. 
*Present address: Valley Forge General 
i Hospital, Phoenixville, Pa. 18460. 

Address for reprints: James S. Forrester, 
MD, Department of Cardiology, Cedars of 
Lebanon Hospital, 4833 Fountain Ave., Los 

- Angeles, Calif. 90029. 


Eighteen patients with acute myocardial infarction were studied by 
means of pulmonary arterial and left ventricular catheterization. An 
indirect index of the maximal rate of rise of left ventricular pressure, 
dP/dt, was derived from measurement of developed isovolumic pres- 
sure (arterial diastolic minus left ventricular diastolic) and the pre- 
ejection period (PEP): mean electromechanical AP/At = developed 
pressure/PEP. The correlation of this index with left ventricular 
dP/dt was excellent (r = 0.96), with a residual variance of 8 percent. 
In 50 subjects with acute myocardial infarction AP/ At also corre- 
lated closely with the presence of pulmonary vascular congestion 


“and shock ang with ultimate survival. In contrast, mean arterial pres- 


sure, left ventricular filling pressure, lett ventricular ejection time 
(LVET), preejection period and LVET/PEP demonstrated marked _ 
overlap between groups. Mean electromechanical . AP/At was 
accurate and useful as an indirect index of left ventricular aP /dt and, 
thus, of the functional state of the left ventricle. eS : 


Accurate seria! evaluation of left ventricular function would be of con- 
siderable value in the management of patients with acute myocardial 
infarction and other serious cardiovascular states. No presently avail- 
able single index of myocardial contractile state is entirely suitable, ` 
since each is at least partly dependent on loading conditions of the 
heart.}:2 Although the maximal rate of rise of left ventricular pressure 
(dP/dt) is one of the most useful reflectors of contractility,3 ‘4 its clini- 
cal use is limited not only by its dependence upon preload and after- 
load, but also by the need for direct left ventricular catheterization. 
Several investigators have attempted to eliminate the latter require- 
ment by estimating left ventricular dP/dt indirectly from arterial 
pressure or systolic time intervals.5 However, use of these techniques 
ignores the dependence of left ventricular dP/dt on left ventricular 
filling pressure. With the recent development of a pulmonary arterial- 
balloon catheter,® a safe, reliable and readily applicable method for 
measurement of filling pressure is now available. The purpose of the 
present study was to develop an easily obtainable indirect index of 
left ventricular dP/dt requiring minimal intravascular invasion. Re- 
sults indicate that this index, termed mean electromechanical 
AP/At, is of practical clinical use in the management of patients with 
acute myocardial infarction. 


Methods 


Fifty patients. with acute myocardial infaretion, ranging in age from 40 to 
80 years, were studied in the Myocardial Infarction Research Unit from: 2 to 
24 hours after admission. Left ventricular ejection time (LVET) and preejec- 
tion period (PEP) were obtained from the. phonocardiogram and indirect 
carotid pulse tracing according to the method of Weissler et al,” using the 
standard limb lead of the electrocardiogram with the most prominent Q wave. 


338 September 1972 The American Journal of CARDIOLOGY Volume 30 











“taneously determined mean 





s 8 


Š 





AP/At (mmHg/SEC) 
8 








2000 3000. 4000 5000 


LV aP/ét (mmbg/SEC) 





LVET/PEP | 





0 1000 


2000 3000 4000 l 5000 
LV aP At (mmiHg/ SEC) 


Figure 1. Correlation of left ventricular dP/dt with (A) AP/At 
“and: (By LVET/PEP in 18 patients with acute myocardial infarc- 


tion. There is a precise linear correlation of dP/dt with AP/At, 


“illustrated -by the regression line, but not with LVET/PEP. 


me Left nile: filling pressure was estimated as pulmo- 


nary arterial end-diastolic or pulmonary capillary wedge 
“pressure. using a balloon-flotation catheter® inserted by 
-< cutdown procedure into an antecubital vein. Arterial pres- 
sure was measured either directly or by sphygmomanome- 
a4 n 18 patients, left ventricular catheterization. was 
‘performed at the bedside by a method previously de- 





-seribed.8 The frequency response of the catheter system 


used was flat + 5 percent up to 15 Hz. The first derivative 


ee left ventricular: pressure was obtained with use of an 


active differentiating circuit, calibrated with a triangle 
wave generator. All analog data were recorded at paper 
-speeds of 5, 25 and 100.mm per second. 

; Mean. electromechanical: AP/At. was calculated as de- 
- veloped isovolumic pressure/PEP, where developed 
isovolumic pressure equals: arterial diastolic pressure 
minusi left ventricular filling’ pressure. Left ventricular 
` failure was determined clinically as. the presence of post- 
i tussive pulmonary ralés. or a ventricular gallop third 
-sound in association with radiologic evidence of pulmo- 
nary vascular congestion, or both.* Cardiogenic shock was 
defined according to the definition of Swan et al.1° On the 
basis of these definitions, 14 patients had’ left ventricular 
failure and 10 were in shock at the time of study. 


Results 


Relation of LV dP/dt, AP/At and LVET/PEP: 
Figure 1A demonstrates the relation between simul- 
electromechanical 
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Figure 2.. Effect of digitalis on indexes. of left ventricular func~ 


tion in 3 patients. Changes.in left ventricular AP/At parallel: 
those of left ventricular dP/dt. : 


AP/At and left ventricular dP/dt in 18 patients. The. 
correlation was excellent (r. = 0.96, P <0.001) over a. 
wide range of values. The average variance was 8 
percent. In contrast, there was only a fair correlation 
(r = 0.76) and marked variance (42 percent) between 
the noninvasive index. LVET/PEP and either 
electromechanical AP/At or left ventricular dP/dt. 
(Fig. 1B). In 3 subjects digitalis was given to aug-. 
ment the contractile state. In all 3 patients left ven-. 
tricular dP/dt and. electromechanical AP/At in- 
creased in parallel, whereas LVET/PEP did not. 
(Fig. 2). i 

Relation of AP/At to preload and afterload: 
Figure 3 illustrates the relation of mean electrome- 
chanical AP/At to ventricular preload (left ventricu- 
lar filling pressure) and afterload (mean arterial 
pressure) in 50 subjects with acute myocardial in- 
farction. There was a-fair correlation of AP/At with 
afterload (r:= 0.81) and a rough negative correlation 
of AP/At with preload (r= —0.46). 

Relation of AP/At to clinical status: When pa- 
tients were classified on the basis of the presence of 
pulmonary vascular congestion and cardiogenic 
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Figure 3. Relation of AP/At to afterload (mean arterial pres- 

sure) and preload (left ventricular. filling pressure) in 50 patients 

with acute myocardial infarction: As with left ventricular dP/dt, 

there is a-géneral positive correlation with afterload, and a gen- 

eral negative correlation with preload. 
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‘Figure 4. Relation of AP/At and LVET/PEP: to. clinical status 
in 50 patients with myocardial infarction. The level of AP/At 
generally paralleled the degree of cardiac impairment from un- 
complicated (uncomp) through pulmonary vascular congestion 
(LVF) to shock. 


shock, electromechanical AP/At paralleled the de- 
gree of cardiac impairment with little overlap, 
whereas LVET/PEP demonstrated marked overlap 
(Fig. 4). As a prognostic indicator, a AP/At of 500 
mm Hg/sec separated survivors from nonsurvivors 
with minimal overlap over only 7 percent of the total 
range, whereas mean arterial pressure, left. ventricu- 
lar ejection time and LVET/PEP were less accurate 
(Fig. 5). In addition, the individual indexes deter- 
mining AP/At, namely, arterial diastolic and left 
ventricular filling pressures, developed pressure (DP) 
and preejection period, did not serve to separate 
clinical groups when analyzed individually. 
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Discussion 


Previous studies have demonstrated the usefulness 
of left ventricular dP/dt as an index of myocardial 
contractility, despite its dependence upon arterial 
pressure and left ventricular filling pressure.®4 How- 
ever, its determination requires left ventricular 
catheterization and its clinical use is limited accord- 
ingly, particularly when serial observations are need- 
ed for the management of acutely ill patients, such 
as those with acute myocardial infarction. Hence, a 
reliable index of left ventricular function which can“ 
be obtained easily and frequently by a relatively non- 
invasive technique would be highly desirable in 
clinical practice. 2 i 

Systolic time intervals, although useful in identifi- 
cation of broad patient groups, have demonstrated 
enough overlap to limit their usefulness as indexes of 
function in an individual patient. The relation be- 
tween noninvasive indexes, such as LVET/PEP, and 
directly determined hemodynamic indexes, as repre- 
sented by the correlation coefficient, has not exceed- 
ed 0.9 and is usually 0.8 or less. Such coefficients of 
correlation, while highly significant in terms of a 
general biological relation, are associated with a re- 
sidual variance following regression of 20 to 35. per- 
cent. In contrast, the correlation of electromechani- 
cal AP/At with left ventricular dP/dt reported here- 
in was such that the residual variance was only 8 
percent. Therefore, although LVET/PEP and other 
indirect measurements may have a linear correlation 
with left ventricular dP/dt, electromechanical 
AP/At is considerably more valuable than other in- 
directly determined indexes in predicting the true ` 
value of left ventricular dP/dt for an individual 
subject. The present study shows that the index 
mean electromechanical AP/At reflects the level of 
left ventricular dP/dt to a degree of accuracy that 
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Figure 5. Relation of hemodynamic variables to survival (S) and nonsurvival (N) in 50. patients with acute. myocardial infarction. 
: AP/At produced a very good separation of the 2 patient groups at a level of 500 mm Hg/sec. There was marked overlap in other in- 
-dexes. BP = mean arterial pressure; LVET = left ventricular ejection time; LVFP = left ventricular filling pressure; PEP = preejection 


z period. 
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permits meaningful individual predictability of 
hemodynamic state. Because AP/At is related to 
ventricular loading conditions, changes in mean 
electromechanical AP/At, like changes in left ven- 
tricular dP/dt, may be used to estimate changes in 
“ventricular contractile state only in the absence 


“of major alterations in arterial or left ventricular fill- 
weing pressure. 


The negative correlation of electromechanical 
AP/At with left ventricular filling pressure is unusu- 
al in that left ventricular dP/dt normally rises with 
filling pressure, presumably as a function of the 
Starling effect. This finding may relate to dimin- 
ished ventricular functional reserve in patients with 
acute myocardial infarction.2 

Although left ventricular dP/dt is a useful indica- 
tor of changes in contractility in a given patient,? it 
is less effective in characterizing patient groups, 
since values for persons with mild to moderate cardi- 
< ac depression may fall within the normal range. In 

‘the present study, therefore, a moderate overlap of 
AP/At. was seen among clinical groups. The excel- 
lent separation between survivors and nonsurvivors 


by “AP/At in this study may reflect the tendency for 


this index to reflect best severe depression of cardiac 
contractility, although preload and afterload were 
most altered in the nonsurvivor group. 
w aSP/At is not necessarily superior to other more 
traditional measures of cardiac function. Since 
stroke volume and stroke work, for example, were 
not determined in this study, it was not possible to 
compare these indexes as prognostic indicators. 
Other studies!3 have suggested that standard hemo- 
dynamic determinations. are of limited value in this 
regard, although the level of stroke work, which is 
largely determined by. the same factors that deter- 
mine AP/At, may be of definite prognostic value.14 
The correlation between left ventricular dP /dt and 
electromechanical AP/At has its theoretical basis in 
the fact that the mean rate of rise of left ventricular 
pressure during isovolumic systole (developed 
‘isovolumic pressure divided by isovolumic contrac- 
tion time) parallels peak left ventricular dP/dt* in 
‘the absence of significant aortic stenosis. Developed 
isovolumic pressure may be estimated with relative 
accuracy from the arithmetic difference between ar- 
terial diastolic. and left. ventricular filling pressure. 
However, isovolumic contraction time is difficult to 
measure indirectly with accuracy, especially in pa- 
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tients with acute myocardial infarction.!* Mean: 
AP/At, therefore, was derived from the preejection 
period since directly measured isovolumic contrac- 
tion time has been shown to correlate precisely with _ 
simultaneously and indirectly determined preejec- | 
tion period.13 The close correlation between left ven- 
tricular dP/dt and mean electromechanical AP/At | 
is thus not surprising. However, certain limitations — 
are imposed by the method itself. Pulmonary arterial a 
diastolic and pulmonary capillary wedge pressures. 
may not provide a precise measurement of left ven- 
tricular end-diastolic pressure, most notably in .mi-” 
tral stenosis. Brachial arterial diastolic pressure, es- 
pecially when determined by sphygmomanometer, — 
may not reflect true aortic diastolic pressure. In addi- 
tion, use of the preejection period as an index of iso-. 
volumic contraction time ‘assumes normal left ven- 
tricular activation. time. This assumption would be 
invalid in the presence of bundle branch block, 
Clinical application: The vascular invasion nec- 
essary for the determination of AP/At is limited to 
insertion of a pulmonary arterial balloon catheter® at 
the bedside without fluoroscopy. This technique: for 
accurate measurement of left ventricular filling pres- 
sure is now widely used in the management of seri- 


ously ill. patients.!4 By simultaneous measurement | 


of preejection period, systemic and pulmonary arteri- 
al pressures, the performance of the left ventricle can 
be characterized with a precision not possible with 
totally noninvasive indexes.?:11 Arterial puncture is. 
necessary only in the presence of shock where pres-. 
sure determinations obtained by sphygmomanometer | 
generally correlate poorly. with direct intravascular. 
determinations.15 l 
In summary, the development of an indirect index 
of left ventricular dP/dt extends the clinical use of 
pulmonary arterial pressure monitoring to the evalu-. 
ation of left ventricular function when marked” 
changes in ventricular preload or afterload do not 
occur. Use of the index electromechanical AP/At al- 
lows rapid, objective serial determination of clinical — 
response to therapy and may be of value as a prog: 
nostic guide in the selection of patients with acute 
myocardial infarction for the more aggressive modes ` 
of therapy currently emerging. 
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Echocardiographic Analysis of Mitral Valve Motion in 


Eleven patients with secundum atrial septal defect underwent echo-. 
cardiographic study of mitral valve motion. In 100 percent of cases, 
there was abnormal motion of the valve leaflets, primarily involving 
the posterior leaflet. Reduced velocity and excursion of leaflet mo- 
tion did not correlate with age, left ventricular stroke index, right 
ventricular chamber dimension or pressure, or amplitude of motion 
of the abnormally moving interventricular septum. The echocardi- 
ographic findings are unique to atrial septal defect. Although the ex- 
planation for the findings is not immediately clear, the possible 
contributory roles of left ventricular disease, the interventricular 
septum, and the left to right shunt itself are examined. 


Pathologic changes in cardiac valve leaflet tissue occur commonly in 
hearts with both normal and altered flow patterns.1-4 Consistent 
“typical” pathologic involvement of mitral valve leaflets and chordal 
structures in patients with secundum type atrial septal defect has 
recently been documented in hearts examined post mortem.‘ The le- 
sions are described as “characteristic firm and rigid thickenings, ’”4 
deforming most prominently the posterior portions of both anterior 
and posterior mitral leaflets and occurring on both atrial and ven- | 
tricular surfaces of the valve. They are easily distinguished from 
rheumatic, endocarditic or thrombotic processes. DM l 
Eleven patients with the secundum type of atrial septal defect un: 
derwent echocardiographic study. Abnormal mitral valve motion was 
present in every subject. Our observations, which possibly provide a. 
clinical correlation to the pathologic findings, form the basis of this- 
report. 


Methods 


Eleven patients ranging in age from 14 to 70 years underwent echocardi- . 
ographic study within 48 hours of diagnostic cardiac catheterization. The 
diagnosis of atrial septal defect was established by. any or all of the fol. 
lowing methods: crossing the defect with the cardiac catheter, éarly appear: 
ance time of inhaled hydrogen detected by an electrode catheter positioned 
in the right. atrium, or detection of step-up in oxygen saturation at the at- 
rial level. The magnitude of left to right shunt was derived from the arte- 
riovenous difference. across the pulmonary bed. Ten normal subjects, aged 
13 to 49 years, served as control subjects. All subjects had normal sinus 
rhythm. l 

Ultrasound studies were performed using a UM 729 Sperry Reflectoscope: 
and a 2 megaHertz, 13 mm diameter transducer with a repetition rate ‘of = 
1,000 pulses/sec. The echograms were recorded either on a Polaroid photo- 
graph taken directly from the oscilloscope or by.an Electronics for Medicine — 
DR-8 recorder. The transducer was placed in the third; fourth or fifth inter- ° 
costal space, 1 to 3 cm lateral to the left sternal border. The initial direc- 
tion of the transducer was posterior and medial; its angle was altered-in 
order to obtain recordings from the interventricular septum, left atrium and 
mitral valve leaflets. 
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Figure 1. Echocardiogram. with diagrammatic representation 
of events obtained in a normal subject. A = atrial systolic wave; 

“AML = anterior mitral valve leaflet; An = mitral annulus; CD = 
anterior annular motion during ventricular systole; E = fully 
opened position of mitral valve; F = end of ventricular filling; 
{VS = interventricular septum; PML =. posterior mitral leaflet: 
RVC = right ventricular cavity; RVW = right ventricular wall, 


Left atrial and right ventricular chamber sizes and direc- 
tion and amplitude of motion of the interventricular septum 
were measured according to previously described tech- 
niques.5-7 Recordings of the anterior leaflet of the mitral 
“valve were easily obtained.*-12 The importance and feasi- 
bility of obtaining simultaneous recordings from both the 
anterior and posterior mitral valve leaflets were recently 
demonstrated by Dillon et al.,1? and the origin of the echoes 
were confirmed by Feigenbaum and co-workers. Echoes of 
both leaflets were obtained simultaneously in our study. 

Traditionally, mitral valve velocity and amiplitude of 

motion have been measured from points C to E (Fig. 1). 
However, Zaky et al.1° have pointed out that the CE mea- 
surement includes the motion of the mitral annulus. A 
more accurate measurement of leaflet motion is therefore 

given by the DE slope (velocity of opening) and amplitude 
(excursion); only the DE wave is analyzed in this report. 


Results 


Table I describes the results obtained in the 11 pa- 
tients and compares them with the findings in 10 


Figure 2. Echocardiogram obtained from a patient with atrial 
septal defect. The interventricular septum is. moving anteriorly in 
systole (paradoxically), and the ‘right ventricular cavity is en- 
larged. Both anterior and posterior leaflets show diminished ve- 
fecity of opening (DE slope) which is more. marked in the pos- 
terior leaflet; this teafiet also exhibits diminished amplitude of 
motion. Abbreviations as in Figure 1. 


normal control subjects. Since the normal volunteers 
were generally younger, the groups are not age- 
matched; however, analysis of the patient data in 
this table does not disclose any age-dependent vari- 
able. Typical recordings from a normal subject and a 
patient are reproduced in Figures Land 2. 

All of the patients, but none of the control 
subjects, had paradoxical (that is, anterior) motion 
of the interventricular septum during systole. No sig- 
nificant correlations were found between the ampli- 
tude of motion of the interventricular septum and 
right ventricular pressure, right ventricular dimen- 
sion, or degree of left to right shunting. No correla- 
tion was present between the DE slope and ampli- 
tude measurements of the mitral leaflets and ampli- 
tude of motion of the interventricular septum, age, 
heart rate or left ventricular stroke index. 

Differences between patients and control subjects 
in right ventricular size per square meter of body 
surface area were highly significant. Significant dif- 


344 September 1972 The American Journal of CARDIOLOGY Volume 30 


‘ECHOCARDIOGRAM IN ATRIAL SEPTAL DEFECT—KAMIGAKI ET AL. 








"auzuan JUS = AY fone MOY o1WWAaISAs 0) AlBUOUNd = Sied 49123 JALA 
peatu JONa\SOd = g ‘xapus 3404S sejNDEWURA YA = ISAT HUSH 0} Ya] = H-7 UNHJE Ya] = YI UNS JeNoU\UaAJAZUI = SAJ ‘XOpUI DeIPseO = 9 eyed) jeu JOUEJUe = Y 











To0"O sooo SN tooo ToO g0'0- SN : 1070 ; tee ; E SS Ses ee Pe Maia one als anje d 
6L'0-£90 LE-OT. ZZ- 66030 Ege pee o EA es A a EE re ee aBuey 








S0'OFEL'O ZFS FO- LO FEO FZ SWFL TZEE IF S a re ree o ie 92 GS F uesN 
aoe “(OL =ou) sjoalgng jewion . . 





GTFGO EFU YF MOF O CFO OFZ PFU EFH LFOL GL O PEIE OTEK LIFTE oe Ty as FURAN 








€9°0 a a0 8G 08 Ghee RR eae £ el Ot e/s ao? u 
z€°0 L zz 1:0 19 L61 goo g Ob = 99 EST z sE ezo ot 49 or 
29°0 I g sE'0 Tt ose 6o 6T Szi 3 Tzr u z LT 9/8€ W8y 6 
19'0 I gz re'o BL Lee n v2 z 08 TEE u gz v2 G/S Wy 8 
€€°0 6 92 £9°0 #8 azi 02 vz 0°6 6 Le 8 tr LZ ofez J&E L 
s£'0 L z 6r`0 88 a 6l re 8 TZ 8 g£ g'e 9/2 WBE 9 
£v'0 8 gt se‘ 09 9st St z E ae a 69 v9 WZ al s 
$9°0 uo an 180 s97 cze Gr v2 og æ TF9 BT t zz g/t2 ai ? 
0g"0 I å g 1370 t8 var z > R SE ak Weg 9g a" Viz 462 £ 
z£°0 ot e vzo orr 097 ot ez e's 3O ELP 8 ze EZ 8/0 NZ z 
£9°0 ort ZA 98 Att 8I z AT Th Ae 6 +g vs MZe WI T 








(T1 = 'ou) 108400 teydag jenny im squaned 








ee 


Vid d Y Wid d Yy (cui/ww) Gwau) Co (uw gia (Ww). Qud udad By wu) xəş y ‘ou aseg 




















E Comer azi -azi apnd pag) uns y= 29g /99) - wius/ssay) aunssaig’ (14) 33 
(uu) apmydusy 30 (asuu) adorg 30 ee ee eae) Senet Oey 
> -sBuiputy o1ydesBorpseooyo3 OER -= sSunputy oweukpoway 





“yoajeq 1eideg Jeny WIM syuaned TT UI SBUIpuLy 214deaBoIpse20y93 pue opueuipowaH 
1 nav 






September 1972 The American Journal of CARDIOLOGY Volume 30 


345 





“ECHOCARDIOGRAM IN ATRIAL SEPTAL DEFECT—KAMIGAK] ET AL. 


ferences were also noted in the DE slopes (velocity of 
opening motion) of both anterior and posterior mi- 
tral leaflets, and in the amplitude of motion of the 
posterior leaflet (Table I). Differences in amplitude 
of anterior leaflet motion were not significant. 

When the ratios of DE slope and amplitude of the 


posterior to anterior leaflet are derived (Table J), it 
is seen that normally the posterior leaflet has 93 per- 
cent of the velocity and 73 percent of the excursion 
of the anterior leaflet (the latter value probably re- 
flecting the smaller size of the posterior leaflet); 
these ratios were significantly lower in patients. 
Three of our patients (Cases 3, 4 and 7) had mid- 
systolic clicks, and 2 of the 3 had soft late systolic 
murmurs on auscultation corroborated by phonocar- 
-diography. Absence of any notable abnormality of 
left atrial pressure tracings obtained at cardiac 
-catheterization, specifically a prominent v wave, in- 
dicated that mitral regurgitation was minimal and 
hemodynamically insignificant; left ventricular an- 
giography was therefore not performed. Echocardi- 
ographic evidence of posterior mitral leaflet pro- 
lapse!? was not present in 2 patients. The typical 
findings of prolapsed posterior leaflet!?—-that is, pos- 
terior motion of this leaflet during late systole—were 
present in Case 4. However, motion of the posterior 
leaflet during systole (CD slope) did not alter the ab- 
normalities of the DE slopes and amplitudes de- 
scribed. 
= Nine patients underwent surgical repair of the at- 
tial septal defect (Patient 4 refused operation, and 
the lesion was considered inoperable in Patient 10 
because of the presence of severe active pulmonary 
hypertension and marked tricuspid insufficiency). 
The mitral valve, visualized through the interatrial 
‘defect in the patients undergoing closure, was noted 
in 4; in all it was described by the surgeon as grossly 
normal in appearance. 


Discussion 


Several reports are available of mitral valve abnor- 

malities, including both stenosis*4 and insufficiency, 15 
occurring together with secundum atrial septal de- 
fect. Rheumatic mitral valve disease in combination 
with atrial septal defect. (the Lutembacher syn- 
drome) is rare,!® and the coexisting lesions are con- 
sidered to be etiologically unrelated. Prolapse of mi- 
‘tral valve leaflets causing mitral regurgitation is 
thought to be due to congenital deformity of the 
chordal apparatus of the mitral valve!; the associa- 
tion with atrial septal defect does not clearly consti- 
tute an entity but may also represent the chance 
coexistence of 2 common abnormalities. 

Recently, Okada et al.4 have reported pathologic 

involvement of mitral valve leaflet and chordal 
tissues in patients with secundum atrial septal de- 
fect; the valvular abnormalities were clearly neither 
rheumatic nor thrombotic. Ninety percent of the 
hearts studied post mortem by these investigators 
showed thickening and deformity of leaflet tissue; 
only in infants less than 1 week of age were such 


changes not observed. Okada et al.4 were unable 
to correlate the degree of pathologic change in the 
mitral valve with antemortem determination of ei- 
ther increased shunt flow and decreased right heart 
pressures or decreased shunt flow and increased right 
heart pressures, but found that the deformities were 
more pronounced in older patients. 

We are aware of no echocardiographic studies of 
the opening motion of both mitral valve leaflets in 
patients with secundum atrial septal defect. Ultan et 
al.17 performed ultrasound studies in 8 subjects with 
atrial septal defect; the majority (75 percent) had 
“normal” velocity and amplitude of anterior mitral 
valve leaflet motion; however, the DE wave was not 
specifically analyzed, and no data were given for the 
posterior leaflet. We have observed abnormal mitral 
valve motion in 100 percent of our cases of secundum 
atrial septal defeet, the more pronounced abnormali- 
ties occurring in the posterior leaflet. Our echocardi- 
ograms did not show evidence of the thickening of 
valve leaflets that has been demonstrated pathologi- 
cally, but the magnitude of thickening may have 
been too small to be detected by ultrasound. 


Causes of Abnormal Mitral Valve Motion 


The reasons for the abnormal leaflet motion in at- 
rial septal defect are not elucidated in our study 
since good correlations between leaflet motion and 
pressure or flow abnormalities, or both, could not be 
obtained. However, in view of the constant occur- 
rence of leaflet abnormality in our patients, consid- 
eration must be given to: (1) the role of left ventricu- 
lar disease, (2) the effect of paradoxical (anterior) 
motion of the interventricular septum during ven- 
tricular systole, and (3) the effect of the interatrial 
shunt itself on the mitral valve apparatus. 

Left ventricular disease: A recent study of ven- 
tricular function in atrial septal defect at rest and 
during exercise? showed that criteria for left ven- 
tricular failure were met in 6 of 25 patients, 3 of 
whom were asymptomatic. No specific explanation 
was offered, but the occurrence of left ventricular ab- 
normalities in the presence of predominant right 
ventricular disease has been demonstrated hemody- 
namically,/® biochemically?’ and histologically.?+ 

None of our patients had clinical evidence of left 
ventricular disease or a left ventricular end-diastolic 
pressure greater than 16 mm Hg; exercise studies 
were not performed, However, we have obtained 
more than 100 echocardiograms in patients with doc- 
umented left ventricular disease of various causes, 
and have found that the described posterior leaflet 
abnormality. is. unique to atrial septal defect; we 
therefore conclude that left ventricular failure does 
not play a role in this particular type of mitral valve 
abnormality. 

Effects of left to right shunt: Levin and asso- 
ciates?? have shown that most of the left to right 
shunting at the atrial level occurs in late systole and 
early diastole, with a slight augmentation of shunt 
flow during atrial systole. These investigators dem- 
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onstrated that when the mitral valy ens 
rapid decrease in the interatr pou 1 
and, thus, a decrease in the to~ri 
Flamm et al.18 have shown that the, 


- cardiac output is below normal in 










ral septal defect and have suggested that this re- 





a duced output results from impaired delivery of blood 


to the left ventricle. Levinson and associates?3 have 


+ demonstrated that left ventricular volume is also ab- 
normally reduced presumably on the same basis. 

In view of these studies, it is reasonable to suppose 
that the volume of blood, as well as the pressure in 
the left atrium at the time of mitral valve opening, is 
subnormal and that left atrial and left ventricular 
end-diastolic pressures thus equalize earlier than in 
normal subjects. The reduced “driving” pressure and 
volume in the atrium might then account for the re- 
duced velocity and excursion of leaflet motion. 

If interatrial shunting is the predominant explana- 
tory factor, it is not entirely clear why the posterior 
leaflet behaves more abnormally than the anterior 

> leaflet. Okada et al.,4 observing “marked” thicken- 
_ ing and focal adherence of the chordae tendineae 
-> near the posterior commissure, have offered the fol- 
- lowing explanation for the greater frequency of 


pathologic deformities: In atrial septal defect the 


“septal surface of the left ventricle is disproportion- 
ately larger than the free left ventricular wall. The 
posterior commissure of the valve is thus more wide- 

‘ly open than normal and, in addition, may have a 
stream of blood diverted toward it during ventricular 
diastole because of the supravalvular edge of the at- 
rial septal defect. The restricted leaflet motion ob- 
served by us would then be easily explained by the 
pathologic findings. 

Paradoxical interventricular septal motion: 
The anterior motion of the interventricular septum 


in atrial septal defect has been previously doeu- 


_ mented and is considered diagnostic of right ventric- 
< ular volume overload, but not of pressure overload." 
All of our patients, but none of the normal control 
subjects, demonstrated this phenomenon. 
It is entirely possible that the abnormal direction 
of septal motion in ventricular systole influences 
movement of the mitral valve. Although the mitral 
chordae tendineae and papillary muscles are anchored 
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to the anterior and posterior wall of the left ven- 
tricle, quite removed from the septum, the posterior 
commissure of the posterior leaflet lies over the sep- 
tum. Anterior septal movement during systole might 
conceivably exert traction on this leaflet so that its 
opening motion is limited by virtue of its systolic 
displacement. If this were true, septal amplitude of 
motion of the posterior leaflet might be expected to 
correlate with velocity or excursion, or both, of mi- 
tral leaflets; we were unable to obtain such correla- 
tions. Further investigation of the functional role of © 
an abnormally moving interventricular septum is 
clearly needed. 


Mitral Valve Appearance and Function 


The mitral valve was inspected in 4 of 9 patients 
undergoing repair of atrial septal defect; its appear- 
ance was described as “normal” in all cases. This is 
not surprising since (1) a valve that appears normal ©” 
on inspection may be thickened and fibrotic on pal- © 
pation or microscopic examination, and (2) the func- 
tion of the valve during the normal cardiac cycle is _ 
impossible to evaluate with the patient on full cardi- 
opulmonary bypass. 

None of our patients had clinical evidence sugges- 
tive of mitral valve stenosis, or a history or clinical. 
findings suggestive of a rheumatic process. One pa- 
tient (Case 11) had a loud first heart sound, and an- 
other (Case 10) had a diastolic murmur at the lower 


left sternal border; in both, the physical findings T 
were interpreted as originating from the tricuspid 


rather than the mitral valve. However, the data pre- 
sented here suggest that such findings might, ine 
some patients, possibly relate to the mitral valve. 
Altered flow patterns at the site of the mitral valve’ 
conceivably could lead to anatomic changes in thè. 
valve leaflets as a result. of turbulence fibrosis. Such 
structural alterations might serve as a nidus for far- < 
ther pathologic change. The eventual result might; 
in some cases, produce the clinical findings of mitral 
stenosis and atrial septal defect, a “pseudo-Lutem- 
bacher” complex. 
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This study investigated by echocardiography pre- and postoperative 
findings in patients with right ventricular volume overload, suggesting 
a mechanism for the abnormal ventricular septal motion. Twenty-one 
children with secundum atrial septal defect, ostium primum defect, 
sinus venosus défect or total anomalous pulmonary. venous return. 
were studied. ; : 
Preoperatively, the expected normal posterior septal motion was 
reversed in 18 of the 21 patients. The mean right ventricular end- 
diastolic dimension index was increased in all patients and averaged 
2.9 cm/m? (range 1.9 to 3.7 cm/m2). Postoperatively, the septal 
motion reverted to normal in 12 patients, remained normal in 1, was 
reversed in 1 and became intermediate in 7. In 18 patients, the right 
ventricular end-diastolic dimension index was reduced, and in 3 was 
unchanged. The mean right ventricular end-diastolic dimension index 
after correction was 2.2 cm/m?. In most of the patients whose sep-_ 
tal motion reverted to normal the right véntricular end-diastolic di- 
mension index was reduced by 1/3; in patients with persistent ab- 
normal septal motion it was reduced by less than 1/3. te 
Although several mechanisms may contribute to abnormal septal 
motion, it is most likely related to marked dilatation of the right ven- 
tricle and exaggerated anterior movement of the entire heart during 
systole, thús providing a net anterior motion in systole. : 


Echocardiography has become an acceptable and useful noninvasive 
method of diagnosing heart disease.1-? Diamond et al.8 have de- 
scribed in adults 2 echocardiographic features characteristic of con- 
ditions associated with right ventricular volume overload: abnormal: 
ventricular septal motion and increased right ventricular end-dia- 

stolic dimension. These features were investigated in 21 children 
(aged 1.5 to 17 years) before and after correction of lesions character- 

ized by significant right ventricular volume overload. Mechanisms 

for the abnormal septal motion were studied. 


Methods 


Twenty-one patients were studied (14 female and 7 male): the mean age 
was 7.9 years (range 1.5 to 17). The patients had the following defects. 
proved by cardiac catheterization and later at cardiac surgery (Table I): së- 
cundum atrial septal defect (16 patients), ostium primum defect (3), sinus 
venosus defect (1) and total anomalous venous return to the coronary sinus 
(1). In all patients the pulmonary vascular resistance was normal, and the 
pulmonary to systemic shunt ratio ranged from 1.5 to 7.0/1. Patients with a 
gradient across the right ventricular outflow tract (Table D had a normal. 
pulmonary valve at operation. The gradients were attributed to relative 
pulmonic stenosis related to torrential left to right shunt. : 

Ultrasound examinations were performed preoperatively and postopera- 
tively with use of a Hoffrel Ultrasonoscope (Model 101. with Model 704 slow 
Sweep accessory) with the patients in a supine position. The transducer 
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TABLE 1 
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Summary of Data in 21 Patients with Right Ventricular Volume Overload 











RVEDI 
3 i Lie 
Case Postop eoni Septal Motion = VEDI (cm/m?) Postop/ Pressures «mm: Hg) 
no. Age (yr) Diagnosis. interval (mo.) Preop Postop Preop Postop Preop: QP/QS RV MPA 
1 6 ASD 3.5 Reverse Normal 3.4. 2.3 0.68 3.4 65/4 28/8 
2 9 SVD 7.5 Reverse Normal 3.6 2.4 0.68 7.0 40/8 23/13 
3 9 ASD 12 Reverse Normal 2.8 1.8 0.64 1.9 28/3 23/5 
4 8 ASD 8 Reverse Normal 3.4 2.3. 0.68 2.4 45/5 23/9 
5 5 ASD 4 Reverse Normal 2.6 15 0.58 2.5 42/9 37/20 
6 8 ASD 13 Reverse Inter 3.8 2.5 0.66 10.2 73/5 25/7 
7 1s} aso} : Reverse} e 2 a es 3.2 33/8 asna} 
8 7 ASD t/i Reverse Inter 3.0 2.5 0.83 4.4 32/5 31/10 
7 days Reverse 3.6 0.97 
9 6 ASD : Reverse oe ae ns 15 35/9 28/16 
Mja Reverse 4.0 1.1 
10 8 ASD 10 days Reverse Normal 2.4 2.0 0.83 3.8 26/4 27/9. 
Il 17 ASD 1 Reverse Inter 1.9 2.0 1.08 1.5 35/14 33/16 
12 7 ASD 5 Reverse Inter 3.0 2.4 0.80 2.1 36/8 24/11 
13 4 ASD 13 Reverse Inter 3.0 2.3 0.77 23 57/4 < 50/18 
14 6 ASD 2 Inter Normal 3.0 2.0 0,66 4.0 24/5 24/7 
15 6 ASD 1/3 Normal Normal 2.2 2.2 1.00 2.0. 22/7 
16 16 ASD Bf, Reverse Reverse 2.3 1.8 0.78 36/5 } 
5 Normal is 065. 2.2} 28/10 
17 8 OPD 10 Inter Normal 2.9 2.0 0.69 2.4 27/4 22/6 
18 6 OPD 8 Reverse Inter 2.5 1.6 0.64 1.8 31/6 27/19 
19 5 OPD 8 inter Normal 2.9 2.1 0.72 3.3 30/3 30/12 
20 81/3 ASD 4 days Reverse Reverse 2.9 2.2 0.76 2 o} 33/4 17 nl 
r L/, Reverse . Normal 2.9 1.9 0,65 k 
» 21 15mo TAPVR Ms Inter 5.3 0.88 57/5 
1/4 Reverse! Reverse s.o} 5.0 0.83 s.s! } 


; i ` a ms ae 5 AREAN STN OREN ` 
ASD = secundum atrial septal defect; inter = = intermediate; MPA = main pulmonary artery; OPD = ostium primum defect; preop = 
` preoperative: postop = postoperative; QP/QS = pulmonary flow/systemic flow with systemic flow deing 1; RV-= right ventricle; RVEDI 


| = right ventricular end-diastolic index; SVD = sinus venosus defect; TAPVR = total anomalous pulmonary venous return. 


< {Nortec Corporation) had.a frequency of 3.5-megaHertz 
“with an active diameter of 0.5 inch. A water-soluble gel 
' was used to insure an airless contact between the skin and 
the transducer. A strong echo fromthe anterior leaflet of 
the mitral valve was recorded. with. the transducer. posi- 
tioned in the left fourth intercostal space and directed 
posteriorly. From the mitral position, slight lateral-infe- 
-rior rotation of the transducer provided strong echoes from 
“the free wall of the left ventricle. Identifiable echoes from. 
the left and right surfaces of the ventricular septum ap- 
peared in this plane as well, which permitted measure- 
‘ment of the right and left. ventricular dimensions (Fig. 1). 
The right ventricular end-diastolic dimension divided 
by the body surface area provided. a right ventricular end- 
diastolic dimension index expressed in. centimeters per 
square meter. Since normal values for the right ventricu- 
lar end-diastolic dimension index in children are unavail- 
‘sable; the mean normal aduit value? of 0.7 cm/m? was 
used as the “standard” for normal children. 


Results 


Preoperatively, all patients had an increased mean 
right. ventricular end-diastolic dimension index of 2.9 
cm/m? (range 1.9 to 3.7 cm/m?) (Table I). Postoper- 


atively, in 18 of 21 patients the right ventricular 
end-diastolic dimension index was reduced to 2.2 


cm/m? compared to a preoperative value of 2.9 
cm/m? (Fig. 2); in 3 the index remained unchanged. 
Three patterns of ventricular septal motion were re- 
corded (Fig. 3). Motion of the normal septum was 
anterior during diastole and posterior during systole. 
Thus, the left ventricular wall echo and the septal 
echo created a pincer effect during systole. Two pat- 
terns of abnormal septal motion were observed (Fig. 
3). The most common type, reversal of septal mo- 
tion, was manifested by movement of the septal echo 
anteriorly and synchronously with the left ventricu- 
lar wall echo during ventricular systole (Fig. 4). An 
intermediate abnormal pattern was characterized by 
flattening of the septal echo during ventricular ejec- 
tion (Fig. 3). l 

The ventricular septal motion was reversed pre- 
operatively in 18 patients, was intermediate in 2 and 
normal in 1. After operation the septal motion re- 
verted to normal in 12 patients (Fig. 5), became inter- 
mediate in 6 and remained reversed in 2. The pa- 
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LVED 





Figure 1. Echocardiogram demonstrating normal septal motion 
and right and left ventricular chambers. The epicardium is seen 
subjacent to the chest wall. Calibration marks are 1 cm and 1 
second apart. C.W. = chest wall; Endo = endocardium of left 
ventricular free wall; EPI = epicardium; LVED = left ventricu- 
lar end-diastolic dimension; LS = left septal echo; RS = right 
septal echo; RVED = right ventricular end-diastolic dimension. 
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Figure 2. Graph of the change in right ventricular dimension 
preoperatively and postoperatively in relation to time. RV = 
right ventricle; RVED CM = right ventricular end-diastolic di- 
mension in centimeters. 


tient with normal septal motion preoperatively re- 
tained normal motion after correction. In most in- 
stances reversion of septal motion occurred within 6 
months of operation. In 10 of the 12 patients whose 
septal motion reverted to normal after operation, the 
right ventricular dimension was reduced to 1/3 of 
the preoperative value. In the other 2 patients, this 
dimension was reduced to 1/4 and 1/6, respectively, 
of the original value. In the remaining 8 patients 
with persistent abnormal septal motion, the right 
ventricular dimension was reduced by less than 1/3 
of the preoperative value (Table I). 


Discussion 


The echocardiographic finding of an increased 
right ventricular end-diastolic dimension in patients 
with right ventricular volume overload was con- 
firmed, and this dimension was reduced after correc- 
tion of the defects. The mechanism for reversal of 
septal motion on the echocardiogram during systole 
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Figure 3. Idealized diagram of the wave form and direction of 
the normal and 2 abnormal types of septal motion. Anterior is 
shown at top, posterior at bottom. EKG = electrocardiogram; 
intermed = intermediate; LS = left septal surface; L.V. = left 
ventricle; RS = right septal surface. 
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Figure 4. An echogram of a patient with an atrial septal defect 
showing abnormal septal reversal and enlarged right ventricular 
dimension. C.W. = chest wall; EKG = electrocardiogram; Endo 
= endocardial echo of left ventricle; LS = left septal echo; 
LVED = left ventricular end-diastolic dimension; RS = right 
septal echo; RVED = right ventricular end-diastolic dimension. 
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Figure 5. A preoperative and postoperative echogram of a pa- 
tient showing the change in septal motion from reversal to nor- 
mal and a decrease in the right ventricular end-diastolic dimen- 
sion. The calibration marks are the same in both echograms. 
ECG = electrocardiogram; Endo = endocardium of left ventri- 
cle; RVED = right ventricular end-diastolic dimension. 
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mes H= SYSTOLE 

Figure 7. Diagrammatic representation of normal septal posi- 
tion. The arrows in the left ventricle indicate the major force 
within the heart influencing septa! motion. The small arrows be- 
tween the transducer and the septum show the septum moving 
anteriorly in diastole and posteriorly during systole. The inset il- 
lustrates the wave form of the septum and the change in dimen- 
sion between the transducer and septum as viewed on the 
echogram. 


DIASTOLE 








in our patients preoperatively is not readily appar- 
ent. The reversion of septal motion to normal was 
not related to length of time following the operation. 
Most patients had normal septal motion within 6 
months after operation, but none had reversion of 
septal motion before 10 days had elapsed. 

The majority of patients with right ventricular 
volume overload and normal pulmonary vascular re- 
sistance have the electrocardiographic feature of rsR’ 
in the right precordial leads. This finding has been 
attributed to right ventricular outflow tract dilata- 
tion or hypertrophy.!° In some patients the width of 
the QRS complex may suggest the presence of right 
bundle branch block. Patients studied in this hospi- 
tal with complete right bundle branch block fol- 
lowing right ventriculotomy had normal septal 
echoes. Also, normal children with a pattern of in- 
complete right bundle branch block have normal 
septal motion on the echocardiogram. Therefore, 
conduction defects do not appear to affect the septal 
motion. 


Figure 6. Two left ventriculograms in end- 
diastole (lateral view). Recordings from a 
normal patient (left) and a patient with se- 
cundum atrial septal defect (right) illustrate 
the orientation of the septal plane. In the 
normal patient the septum lies in a plane an- 
terior to and leftward of that of the chest 
wall. With right ventricular volume overload, 
the septal plane parallels that of the chest 
wall and is well seen. 


RV_VOLUME OVERLOAD 





Figure 8. Diagrammatic representation of the abnormal septal 
position in right ventricular volume overload. The arrows in the 
right ventricle indicate the major force within the heart influenc- 
ing septal motion. Normal posterior septal motion occurs during 
systole. As the large dilated right ventricle empties during sys- 
tole, that movement is overcome by the anterior movement of 
the entire heart. The inset illustrates the wave form of the sept- 
um and the change in dimension between the transducer and 
septum during diastole and systole as viewed on the echocardi- 
ogram. 


The ventricular septum lies in an abnormal plane 
in many patients with right ventricular volume over- 
load. Figure 6, left ventriculograms in the lateral 
view during end-diastole, demonstrates the septal 
position of a normal patient and a patient with right 
ventricular volume overload. In the normal patient, 
the ventricular septum lies in a plane anterior to and 
leftward of that of the chest wall and is not well 
visualized. In the presence of a dilated right ventri- 
cle, the plane of the septum tends to parallel that of 
the chest wall and is well seen. This change in orien- 
tation of the septal plane could contribute to abnor- 
mal septal echo motion. Against this hypothesis is 
the fact that in some patients with right ventricular 
volume overload the septal plane may be normal, yet 
septal motion on the echocardiogram may be abnor- 
mal. Conversely, patients with pressure overload of 
the right ventricle, for example, those with tetralogy 
of Fallot and valvular pulmonic stenosis, may have 
septa that lie in a plane parallel to that of the chest 
wall although septal echo motion is normal. There- 
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fore, a posterior and leftward septal plane of orienta- 
tion by itself does not appear to be a primary factor 
oe determining septal motion on the echocardiogram. 
normal posterior motion of the septum during 
systole (Fig. 7) probably occurs as a result of con- 
raction of the greater muscle mass of the left ventri- 
cle compared to that of the right. We suggest that 
the primary mechanism for reversal of septal motion 
on the echocardiogram is as follows: In conditions 


with right ventricular volume overload, the dilated 


right. ventricle displaces the left ventricle posteriorly 
(Fig. 8). As the right ventricle ejects its large volume 


Q of blood during systole, the anterior movement of the 


_. heart exceeds the normal posterior motion of the 
~ septum. Hence, a net anterior motion of the septum 

is observed on the echocardiogram. 

Normal septal motion is observed in patients who 

~~ have an atrial septal defect and pulmonary hyper- 


“ECHOCARDIOGRAM IN RIGHT VENTRICULAR VOLUME OVERLOAD—-MEYER ET AL. 


tension.8 This may be explained by the right ventric- 
ular dimension remaining large during systole, there- 
by preventing excessive anterior motion of the ven- 
tricular septum. As stated, the right ventricular di- | 
mension includes the right ventricular wall as well as _ 
the cavity of the right ventricle. As the severity of | 
pulmonary hypertension increases, hypertrophy of — 
the right ventricular muscle becomes greater, — 
whereas the right ventricular dimension remains — 
constant. 

Three of our patients had persistent abnormal sep- 
tal motion and increased right ventricular end-dias-_ 
tolic dimension after surgical correction of their dé- 
fect. The reason for these abnormal findings is un- 
clear. The possibility: ofa residual shunt. or: chroni 
and: persistent changes in right ventricular compli- 
ance has been considered but to date has not: be 
proved. 
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Twenty-one cases of Ebstein's malformation of the tricuspid valve 
were studied vectorcardiographically; in 6 cases vectorcardiographic- 
anatomic correlations were made. The anomaly is viewed as part of 
a generalized disturbance in the development of the right and, in 
some cases, the left ventricle. Autopsy sections obtained from the 
septum and free wall of the right and left ventricle showed areas in 
which muscle fibers were replaced by connective tissue. 

The fibrosis in the medial posterior and superior portions of the 
ventricular septum (first published anatomic observation) explains the 
reduction and abnormal direction of the initial QRS forces and the 
appearance and correlation with the vectorcardiogram (absent or 
very diminished slurred Q loop or, in the absence of the Q loop, an 
initial slurred R loop) and the electrocardiographic configuration (QR 
in leads V;, V2 and, at times, V3) in some cases of Ebstein's anom- 
aly. Fibrotic areas of this kind may produce similar configurations in 
other types of cardiomyopathy. 

‘A clue to the differential diagnosis between right atrial enlargement 


“due to Ebstein’s anomaly and that due to other causes is the slurring 


in the Qu loop or in the initial Ry; loop when the Qr loop is absent. 
The diminished muscle areas or the pouch of the right ventricular free 
wall, or both, give rise, in the presence of the right bundle branch 
block, to the abnormal slurring of the Sy loop in the patients without 


_ type B Wolff-Parkinson-White syndrome. This is the equivalent of the 


electrocardiographic qR, qrR’ or qRR' configuration in leads IH and 
aVF. 

Left ventricular enlargement was diagnosed in almost 50 percent 
of cases, The diagnosis. was validated by the anatomic enlargement 
of the left ventricle in 4 autopsy cases, thereby giving anatomic sup- 
port to this vectorcardiographic finding in Ebstein's anomaly. « 


A frequent vectorcardiographic finding in Ebstein’s anomaly is dimi- 
nution.and leftward direction of the initial QRS forces, frequently 
manifested as absent R wave in the right precordial leads of the elec- 
trocardiogram. A good explanation for these changes is lacking. The 
findings have been attributed to abnormal right atrial enlargement 
with clockwise rotation of the heart. In some cases they can be ade- 
quately explained on the basis of our anatomic observation of fibrosis 
of the medial posterior and superior portion of the interventricular 
septum. 


Material and Methods 


Twenty-one patients with Ebstein’s malformation of the tricuspid. valve 
were studied. They ranged in age from 2 to 46 years (average age 18 years); 
11 were male and 10 female. The subjects belong toa group of 65 patients with 
this malformation who have been extensively studied and are described else- 
where.1-2 
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AP loop 


S 90 


O=W-P-W syndrome type B 


Figure 1. Vectorcardiographic axis localization (A) of the AP, 


AR, AS and AT loop. 


Figure 2. Right bundle branch 
block and right atrial enlargement 
are seen (increased P loop volt- 
age). Absent Q loop with clockwise 
rotation of the P loop in the frontal 
and horizontal planes (A). S loop 
increase suggesting associated 
right ventricular enlargement; slur- 
ring irregularities of the preterminal 
curve occur mostly in the frontal 
plane. Superiorly oriented initial 
loop (B and C). Examples of ab- 
sent (A and B) and prominent (C) 
Q loop. The wide portion of the 
dots is posterior; arrows indicate 
direction. 





Vectorcardiographic studies using the Grishman cube 
method? with beam interruptions every 0.002 second were 
performed in all cases. Horizontal (H), frontal (F) and left 
sagittal (S) plane vectors were obtained. 

A history, physical examination, 12 lead conventional 
electrocardiogram and roentgenogram were obtained in all 
cases. Phonocardiographic studies were performed in 19, 
and cardiac catheterization was performed in 15; intra- 
cavitary electrocardiograms were obtained in 5 and angio- 
cardiograms in 4. Two underwent a tricuspid valve re- 
placement. Six patients died and autopsy was performed 
in 5 of the 6. One additional heart specimen was obtained 
from another hospital. Autopsy sections were obtained 
from different portions of the free wall and septum of the 
right and left ventricles. In 4 autopsy cases, the patient 
had had a previous vectorcardiographie study. 


Results 


P Loop 


Right atrial enlargement* was found in 17 cases on 
vectorcardiogram and confirmed by X-ray and au- 
topsy studies which showed a large dilated right atri- 
um with very thin walls, that at times were trans- 
lucent; hypertrophy was also present in 2 (see Table 
I). The Py loop was square in 17, elongated in 2, ir- 
regular in 2 and triangular in 1. The AP} loop 
ranged from —30° to +75° in 16 cases (Fig. 1 and 
2B). The P loop was elongated in 11, figure-of-8 in 
2, rounded in 1 and irregular in 1. It was of normal 
shape in only 1 and was technically imperfect in 2. 
The APy loop ranged from —30° to +90° in 17 cases 
(Fig. 1 and 2B). 
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Figure 4. Two cases 
with the Wolff-Parkinson- 
White syndrome, type B. 
Diagnosis of right bundle 
branch block is not feasi- 
ble. The wide portion of 
the dots is anterior; ar- 
rows indicate direction. 





Signs of left atrial enlargement in both the H and 
F planes: were found in 5 cases. None of the 5 
showed left atrial enlargement on radiologic study, 
and at autopsy only 1 showed hypertrophy. 


QRS Loop 


The Qy loop (the initial portion of the QRS loop, 
inscribed between the E point and’ its crossing with 
the Z axis) was absent in 8 cases (Fig. 3, A and B), and 
its duration was diminished in another 8. It was nor- 
mal in 3 cases (0.010 to 0.016 second) (Fig. 3, C and 
D), and in 2, its duration was increased (0.020 to 
0.026 second) (Fig. 2C).5 The Qu loop was markedly 
slurred in 7 cases, of normal speed in 13 and border- 
line in 1. 

The R loop (the portion inscribed to the left of the 
Z or Y axis) showed the following: the ARy loop was 





Figure 3. High P loop voltage. Absent Q 
loop with initial slurring of the centrifugal 
limb of the R loop (A and B). Suspected left 
ventricular enlargement due to counterclock- 
wise rotation of the R loop (B). Note the S 
loop irregularities present in C, and absent in 
D. The wide portion of the dots is posterior, 
arrows indicate direction. 


INC-217 : 





Figure 5. Ebstein's anomaly. Right atrium (RA) and atrialized 
portion of the right ventricle. The dotted line shows the normal 
insertion of the tricuspid ring. The crossed line shows the aneu- 
rysmal right ventricular pouch (AP). The medial (ML) and poste- 
rior (PL) leaflets are attached to the septum and ventricular 
wall. The effective ring (ER) is shown. The anterior leaflet is 
free (AL). 


between +5° and —20° in 17 cases, and at —45° in 1 
(Fig. 1); counterclockwise rotation was present in 13 
cases, clockwise rotation in 3 and a figure-of-8 for- 
mation in 2. In 8 cases an initial Ry slurring was 
present when the Q loop was absent. In 16 cases the 
ÂRp loop was between —10° and +75° and in anoth- 
er 2 at —30° (Fig. 1). Clockwise rotation was present 
in 11 (Fig. 2, A to C), counterclockwise rotation in 4, 
and a figure-of-8 formation in 2. The duration of Ry 
and Rp was within the lower limits of normal in 8 
cases (between 0.022 and 0.032 second), and pro- 
longed in 9 (between 0.032 to 0.042 second). 

Left ventricular hypertrophy in the presence of 
right bundle branch block? was diagnosed in 10 cases 
(Fig. 3B) and confirmed at autopsy in 2 (Table I). 
Diagnosis was made on the basis of the leftward and 
upward deviation of the R loop in the frontal plane. 
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— Pa 
Figure 6. Open right atrium (RA). Dotted line shows the nor- 
mal tricuspid ring insertion with enormous right ventricular 
pouch (AP). The arrow shows the translucent pouch areas. Free 
anterior leaflet (AL). 





Figure 7. Open left ventricle showing the septal and left ven- 
tricular hypertrophy. Circle 1 shows the translucence of the 
membranous portion of the septum, and circle 2 the translu- 
cence of the fibrous portion of the septum (beneath the entry of 
the coronary sinus). 


The diagnosis of right ventricular hypertrophy in 
the presence of right bundle branch block was con- 
sidered in 4 cases, mainly on the basis of increased 
voltage of the S loop. (Fig. 2C).7.8 There were no 
signs of right ventricular hypertrophy in 13 cases 
(Fig. 3B), and there were borderline criteria for it in 
1 case. 

Right bundle branch block, present in 18 cases, 
was absent in the 3 cases with type B Wolff-Parkin- 
son-White syndrome. Right bundle branch block 
was classified in 3 grades’ as follows: Grade I: coun- 
terclockwise rotation of the QRS, loop with an S 
loop directed to the right and posteriorly with clock- 





TABLE | 


Summary of the Pathologic Findings in 6 Cases of Ebstein’s 
Malformation of the Tricuspid Valve 





Cases Figure 





Finding (no.) no. 
Situs solitus 6 
Great arteries with normal initiation, size, 
crossing, position, and valves 6 7 
Right atrium 
Dilated 6 5 
With added hypertrophy (5 mm at 
the superior portion ceiling) 2 5 
Tricuspid 
Ring 
With normal insertion 6 5,6 
With added dilatation 1 5 
Medial leaflet 
Partially attached 1 5 
Totally attached 5 
Posterior leaflet 
Partially attached 3 5 
Totally attached 3 
Anterior leaflet, totally free 6 5,6 
Functional tricuspid orifice opening at the 
outflow tract of the right ventricle 4 5 
Atrialized right ventricle 
With fibrotic areas 6 : 
With translucence (1 cm diameter) 5 6 
With aneurysmal pouch 
Large 2 6 
Small 3 5 
Without aneurismatic pouch 1 
Right ventricle 
Free wall 
Normal size 5 
Thin 1 
Outflow tract 
Normal 1 
Thin and dilated 5 3 
Ventricular septal fibrosis* 2 7 
Left atrium 
Normal 5 
Hypertrophied 1 
Left ventricle 
Free wall hypertrophy 4 7 
Normal size wall 2 hes 
Abnormal muscle 2 8-14 
Other malformations 
Atrial septal defect, oval orifice type 4 
Patent foramen ovale 2 
Infundibular pulmonary stenosis 2 





* Triangular shape, 1 cm diameter, in the posterior and su- 
perior portion of the septum, adjacent to the fibrotic ring of the 
tricuspid valve and immediately before the origin of the coro- 
nary sinus (Fig. 7). 


wise rotation. Grade II: clockwise rotation of the Sy 
loop directed anteriorly and to the right; terminal 
slurring of the S wave. Grade III: findings as in grade 
II, with greater voltage and area of the Sy loop and 
intermediate slurrings. Grade I was found in 3 cases, 
grade II in 11 (Fig. 3, C and D), and grade III in 4 
(Fig. 3A). Preterminal slurring of the Sy loop oc- 
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curred in all, and in most, except for those with type 
B Wolff-Parkinson-White syndrome, there was an ir- 
regularly displayed Sy loop (Fig. 3A). ASy ranged 
between +100° and —175° in 17 cases, with the ex- 
ception of 1 isolated case in which it was —110° (Fig. 
1). In 17 cases ATy ranged between 0° and —30°, 
and in 1 case was +45°. In 18 cases AT} ranged be- 
tween +30° and —20° (Fig. 1). 

Wolff-Parkinson-White syndrome, type B was 
present in 3 cases (Fig. 1 and 4). None of our autop- 
sy cases had this syndrome. 


Anatomic Findings 


The pathologic findings in 6 cases of Ebstein’s 
anomaly are summarized in Table I. Autopsy sec- 
tions of the septum and free wall of the right and left 
ventricles were studied (Fig. 8—14). In 2 of the 6, the 
left ventricle showed large areas in which the muscle 
fibers were replaced by very dense connective tissue 
with very few new capillaries (Fig. 8). Around the 





Figure 8. Left ventricular area showing myo- 
cardial fibers replaced by connective tissue with 
some newly formed vessels. (Hematoxylin and 
eosin X20, reduced by 33 percent.) 


Figure 9. A star-shaped scar can be seen 
around some of the vessels with proliferation of 
dilated capillaries, filled with blood (left ventri- 
cle). Hematoxylin and eosin X20, reduced by 33 
percent. 


blood vessels were star-shaped scars and newly 
formed capillaries that were greatly dilated and filled 
with blood. (Fig. 9). In another case, there were 
small irregular areas of myocytolysis (Fig. 10) with 
disappearance of the myocardial fibers. Only the 
sarcolemma remained, although it was collapsed in 
many areas (Fig. 11 and 12). The lymphatic vessels 
were extremely dilated in all 6 cases (Fig. 13 and 
14). 


Discussion 


The embryologic alteration in Ebstein’s anomaly is 
unknown. The abnormality may occur in the second 
phase of the development of the heart? when the em- 
bryo measures about 7 to 23 mm.9:1° Ebstein’s 
anomaly, a congenital abnormality of the tricuspid 
valvular apparatus, must be considered part of a 
generalized disturbance in the formation of the right 
ventricle® (Table I, fig. 5 to 7) and, at times, also of 
the left ventricle? (Table I, Fig. 8 to 14). The down- 
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Figure 10. Small irregular area of myocytoly- 
sis (left ventricle). Hematoxylin and eosin 
X20, reduced by 33 percent. 


Figure 11. In the areas of myocytolysis all the 
myocardial fiber elements have disappeared, 
except the sarcolemma. Hematoxylin and eosin 
X128, reduced by 33 percent. 


Figure 12. Another area similar to that seen 
in the previous figure shows the empty sarco- 
lemma due to the myocytolysis. Hematoxylin 
and eosin X128, reduced by 33 percent. 
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ward displacement of the effective valvular ring, the 
valvular deformities, the right ventricular pouch, 
and the free wall and septal fibrosis must be includ- 
ed as part of the architectural alterations of the right 
ventricle and not considered a hemodynamic conse- 
quence.!1 These right and left anatomic ventricular 
alterations may be a cause of some surgical failures 
and persistent postoperative arrhythmias. On the 
basis of these anatomic findings (Fig. 5 to 14), sever- 
al vectorcardiographic patterns have a fairly ade- 
quate explanation. The vector- and electrocardio- 
graphic findings have been described previous- 
ly.1,7,12,13 

Right atrial enlargement: The absence or 
marked decrease of the Qu loop can be seen (1) in 
Ebstein’s anomaly, (2) in the presence of important 
atrial dilatation due to congenital or rheumatic heart 
disease, or (3) in a mid-septal myocardial infarction. 
The presence of a Q wave in leads Vi and V2 has 
been considered an almost pathognomonic electro- 
cardiographic sign of right atrial enlargement in con- 
genital heart disease.1:14:15 In such cases there is 


Figure 13. Greatly dilated periarterial lym- 
phatic vessel. Hematoxylin and eosin X50, re- 
duced by 33 percent. 


Figure 14. Detail of a very dilated interstitial 
lymphatic vessel. Hematoxylin and eosin X64, 
reduced by 33 percent. 


pronounced displacement of the right ventricle to the 
left with clockwise rotation of the heart on its verti- 
cal axis causing the first septal vector to point to the 
left and anteriorly instead of to the right and anter- 
iorly as is normally seen. The absence of the Qu loop 
as well as slurring in either the Qy or the initial Ry 
loop can be attributed in some cases to the fibrotic 
areas seen in the medial posterior and superior por- 
tion of the septum (Fig. 7, Table I).1-4° 

An indirect diagnosis of right atrial enlargement 
can also be made in the presence of a very dimin- 
ished or absent, nonslurred Qu loop.1® A clue to the 
differential diagnosis between right atrial enlarge- 
ment due to other cause and that due to Ebstein’s 
anomaly is the slurring of the Qy or initial Ry 
loop.16 The irregularities of the initial portion of the 
vectercardiogram have been attributed to the pres- 
ence of Wolff-Parkinson-White syndrome, type B.®:14 
In such cases the preexcitation wave should activate 
the whole right ventricular mass and, consequently, 
there would not be clear findings of right bundle 
branch block.1® When right bundle block was in- 


360 September 1972 The American Journal of CARDIOLOGY Volume 30 





duced in patients with type B Wolff-Parkinson- 
White syndrome, there was no distortion from the 
previous pattern.!7 
“. The absence or marked decrease of the Qu loop or 
_ the presence of a QR complex in lead V;, V2 or V3 is 
--of-great value in the diagnosis of Ebstein’s malfor- 
mation of the tricuspid valve when the latter is asso- 
ciated with right bundle branch block and right at- 
rial enlargement in a young cyanotic patient. This 
clinical and vectorcardiographic syndrome was pres- 
ent in more than 75 percent of our 65 cases of Eb- 
stein’s anomaly.! 

Left atrial enlargement: In 5 of our cases vec- 
torcardiographic criteria for definite left atrial en- 
largement were fulfilled, and in 2 others this diagno- 
sis was considered probable. Anatomic left atrial en- 
largement was present in 1 autopsy case. The vector- 
cardiographic findings are probably explained by de- 
layed atrial transmission wave through a greatly di- 
“lated right atrium. It should be remembered that in 
atrial septal defect there is frequently a discordance 
between. the electrocardiogram and _ vectorcardi- 
-ogram and the anatomic findings, since there are 


ie ` electrocardiographic and occasionally vectorcardio- 


- graphic signs of left atrial enlargement without 
“anatomic enlargement. 
-c$ Ventricular abnormalities: The anatomic find- 
ing of fibrotic thinning or aneurysmal pouch of the 
free wall of the right ventricle, or both, is important. 
On the basis of this alteration, it is possible to ex- 
_plain the absence of the smooth S loop usually ob- 
served in right bundle branch block associated with 
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other abnormalities. Instead, an irregular and low | 
voltage S loop with terminal and intermediate slur- _ 
rings occurs in most cases (except in patients: with | 
Wolff-Parkinson-White syndrome) (Fig. 3A). This 
recognized sign® manifests itself electrocardiographi- | 
cally by the presence of qr, qrR’, qRR’ in leads Hl 
and aVF.!8 Another explanation could be the co- — 
existence of a left posterior hemiblock due to left: 
septal fibrosis. : 

Vectorcardiographic left ventricular enlargement 
in Ebstein’s anomaly is probably due to the fol- 
lowing (1) actual left ventricular enlargement (seen in 
4 of our autopsy. cases, Table I); (2) a right to left 
shunt across the atrial septum; or (3) a left vectorial 
balance displacement in the presence of a poorly de- 
veloped right ventricle. 

Wolff-Parkinson-White syndrome: Type Bi 
Wolff-Parkinson-White syndrome occurs rather fre- 
quently in Ebstein’s anomaly (25 percent of our 65 


cases). In infants this diagnosis is difficult because 


of the normally short P-R interval and the narrower 
QRS complex.!9 At this age, the preexcitation syn- 
drome is more easily recognized in the vectorcardio- 
gram than in the electrocardiogram, since the fors; 
mer offers better definition of the abnormal direction 
and slowing of the initial QRS forces, that is, of the: 
delta vector.19 
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To determine the systemic and the coronary effects of nitrates in 
acute myocardial infarction, 3. groups of anesthetized closed chest 
dogs were studied. In a group of normal dogs an hour-long intrave- 
nous infusion of isosorbide dinitrate was administered. In a second 
group a small infarct of the myocardium was produced by catheter 
wedging in a small coronary side branch. In the third group occlu- 
sion of a branch of the main left coronary artery was produced by a 
thrombus-forming catheter electrode. Isosorbide dinitrate infusion in 
normal dogs caused reductions in aortic pressure, left ventricular 
end-diastolic pressure and cardiac output and work. Coronary resis- 
tance was reduced only at 5 minutes of infusion. Systemic effects of 
isosorbide dinitrate were similar in the 2 groups with infarction. Mild 
hypotension (average 10 mm Hg) did not provoke ventricular. ar- 
rhythmias. Unlike the cardiac output in normal dogs, this value 
tended to rise rather than fall and left ventricular work was un- 
changed. The dogs with catheter wedging showed a significant in- 
crease in coronary collateral flow and a decrease in resistance. Nar- 
rowing of the corenary arteriovenous oxygen difference occurred in 
the dogs with wedging and thrombus formation. In the absence of | 
cardiogenic shock nitrates may be safely administered to dogs with - 
acute experimental myocardial infarction and may result in'en- 
hanced collateral coronary flow and reduction in oxygen: require- 
ments of the heart. 


Although the use of nitrates in angina pectoris is well accepted and 
has been extensively studied, administration of these agents in acute 
myocardial infarction remains controversial. Possible salutary effects 
might be obtained directly through dilatation of collateral vessels to 
ischemic areas of myocardium adjacent to the infarct or by dimin- 
ishing oxygen requirements through reductions in intramyocardial 
tension caused by reduced ventricular volume and pressure. How- 
ever, clinicians have generally tended to be conservative in this sit- 
uation and withhold nitrates for fear that. hypotension might further 
reduce coronary perfusion and possibly precipitate cardiogenic shock 
in a state frequently already characterized by some decrease in arte- 


rial pressure. 


Necessary physiologic information bearing on this subject has been 
sparse both in man and the experimental animal. Clinical studies, 
essentially limited to survival data, have been conflicting, +3 as have 
been similar studies in dogs* versus baboons.® Several experimental 
studies on the effects of nitrates on the coronary circulation have 
been performed after brief coronary occlusion®-ë or some days or 
weeks after gradual occlusion,®:!° but the effects of nitrates on the 
coronary circulation during myocardial infarction have been exam- 
ined in only a few dogs in 1 report.4} Studies on the effects of ni- 
trates on left ventricular function and systemic hemodynamics in the 
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WEDGED CATHETER 


Figure 1. Small branch occlusion with 
wedging of end-hole catheter (left) results in 
a smaller area of ischemia (stippling) and 
“the absence of ventricular arrhythmias. Iso- 
= tope (krypton) can be injected and peripheral 
_ coronary arterial pressure (PCP) measured 
_ <to- estimate coronary. collateral blood flow. 
“The. thrombus ‘technique (right) allows oc- 
-v clusion of the main branch with a larger area 
<o of ischemia resulting. inset shows how 
“thrombus is formed outside’ the catheter to 
obstruct the artery while the Jumen can be 
kept patent with slow infusion of saline solu- 
tion-so that isotope may be injected later. 
LAD = left anterior descending branch; LCA 
= feft coronary artery; LV = left ventricle: 
RV = right ventricle. 











presence of acute myocardial infarction have not to 
our knowledge been performed either in man or the 

- experimental animal. 
‘In the present study the effects of isosorbide dini- 
trate (Isordil®) on both the systemic and coronary 
_ circulations in acute experimental myocardial infarc- 
tion were determined in the closed chest anesthetized 
<. dog«to avoid the effects of thoracotomy and pos- 
sible interference with the innervation of the coro- 

nary vessels. 





Methods 


_ Healthy mongrel dogs were anesthetized with sodium 
pentobarbital (25 to 30 mg/kg body weight), intubated 
and placed in the right lateral decubitus position. Respi- 


ration was assisted by means of a Harvard respiration. 


pump to assure adequate ventilation.!2 Under fluoroscopy, 
catheters were advanced by way. of neck and femoral ves- 
sels. to the left ventricle, aortic root, right atrial~superior 
vena caval junction, midcoronary sinus, femoral vein and 
os. proximal circumflex branch of the left coronary artery. 
-e Three groups of dogs were studied. 
0O Group l: normal dogs: Preliminary studies with 
(Isosorbide dinitrate indicated that a continuous intrave- 
‘nous infusion of 12.5 pg/kg per min (in saline solution) 
“resulted in a sustained nonprogressive moderate reduction 
of blood pressure indicating persistence of action at dos- 
~ ages similar to those used clinically.43 Infusion volumes 
ranged between 1 and 2 ml/min. 

Statham pressure transducers were. used for measure- 
ment. of left ventricular (P23Gb) and other pressures 
(P23Db).. Thesé were placed ‘at mid-thoracic level; and 
pressures were averaged during the course of a respiratory 
cycle. Right atrial and left ventricular end-diastolic pres- 
sures were measured at a high level of sensitivity (1 mm 
Hg equal to 4 mm paper). To prevent clotting, catheters 
were flushed with heparinized saline solution. Maximal 
rate of rise in left ventricular pressure and indicator-dilu- 
tion determinations of cardiac output, cardiopulmonary 
blood volume and left ventricular volume (indocyanine 
green dye) were made as described in earlier reports. 14-16 

Dye curves, pressures, maximal rate of rise of left ven- 
tricular pressure and electrocardiogram: were recorded on 
an Electronics for Medicine DR-8 recorder. Coronary 
blood flow was determined by intracoronary injection of 
85Kr utilizing a Varians recorder.1? Blood samples were 
obtained from the aorta and coronary sinus in 10 dogs for 
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analysis of oxygen content by the method of Van Slvke. 
and Neill. Arterial samples. were also obtained for pH and 
hematocrit determinations in all 12 normal dogs. Blood 
withdrawn was replaced from donor dogs. 

Values for cardiac, output, cardiopulmonary blood vol- 
ume and left ventricular end-diastolic volume were ex-. 
pressed per kilogram of body weight. Systemic resistance. 
was calculated in units by the formula Ao x 100/CI where 
Ao is the mean aortic pressure and CI the cardiac index in. 
milliliters per kilogram per minute. Coronary resistance 
was similarly expressed as (Ao ~ RA) x 100/coronary 
blood flow where RA is mean. right atrial pressure. Left 
ventricular minute work index. (MWD) in g- -m/kg per min“ 
was calculated from the formula: MWI = CI x Ao x 
1.36/100 where 1.36 is the mercury correction factor. Myo- 
cardial oxygen consumption per 100 g of tissue was caleu- 
lated from the product of coronary blood flow and coro- 
nary arteriovenous oxygen difference. a 

Measurements were made in duplicate for control anis- 
mals and then during up to 60 minutes of isosorbide dini- 
trate infusion. To determine the persistence of drug effect 
following discontinuance, we restudied 9 dogs 1 hour 
thereafter. 

Group 2: dogs with wedge obstruction: Proximal 
coronary arterial occlusions result in a high incidence of 
ventricular arrhythmias requiring drug therapy.1® To- 
avoid the possible effects of these drugs on results ob» 
tained with isosorbide dinitrate infusion in acute myocar-. 
dial infarction we studied 9 dogs before and after wedging 
a modified single end-hole.Sones catheter into a distal 
side branch of either the left anterior descending or left 
circumflex coronary artery (Fig. 1). 

Since early increases in coronary collateral flow peak at 
2 to 3 hours with no ‘significant change up to 6 hours!? 
and depression of systemic hemodynamics persists for at 
least 4 hours after acute myocardial infarction,’ observa- 
tions of the effects ‘of these occlusions were made for up to 
3 hours before administering isosorbide dinitrate. After 
wedging, peripheral coronary pressure was recorded. 
85Krypton washout curves obtained by injections through 
the catheter tip were used to evaluate coronary collateral 
flow2°-23 and coronary collateral resistance.” Coronary col- 
lateral resistance was also evaluated by the ratio of mean. 
peripheral coronary pressure to mean aortic pressure. 
(PCP/Ao).° In the 5 dogs studied at both 2 and 3 hours 
after wedging there was no significant difference in any of . 
the variables measured and thus the final value either at 2 
or 3 hours after obstruction was tabulated. In 6 of these 
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TABLE | 
: Normal Dogs: Effects of Isosorbide Dinitrate Infusion on the Systemic Circulation (2:SEM) 











Pressures 
HR Ao LVEDP RA ci Rs MWI LV MRPR 
Contro! 153 124 8 2 84 152 142 2250 
+7 +4 ck] +f +5 +9 +10 +185 
(12) (12) ai) (12) a2) a2) (12) (12) 
During infusion 
5 Min 157 112 6 2 ik ioa aia 2160 
+8 5 +1 +L re wae coy +165 
P value* NS <0.001 <0.001 NS ase he ide NS 
15 Min 152 106 5 2 73 150 107 2010 
+8 A4 +l Æl +6 +u +l +140 
P value NS <0.001 <0.001 NS <0.01 , NS <0.001 <0.02 
30 Min 150 105 6 2 72 151 104 1980 
+8 £4 +l +i +5 +9 +9 +150 
P value NS <0.001 <0.01 NS <0.02 NS <0.001 <0.02 
45 Min 150 107 6 1 73 154 108 2070 
+7 +4 +1 Æl Æ5 +10 +10 +185 
P value NS <0,001 <0.01 NS <0.05 NS <0.001 <0.1 
60 Min 149 109 6 2 69 158 104 1960 
+7 £4 £1 Æl +4 +u oo £9 £155 
P value NS <0.01 <0.01 NS <0.01 NS <0.001 <0.05 
After infusion ; 
60. Min 155 125 8 2 58 225 102 1950 
+8 +6 +1 Æl +4 +14 +12 ; +160 
(10) (10) (8) (10) (9) (9) (9). 8) 
P value f NS o NS NS NS <0.001 <O.001 9°. 0.001 <0.02, 


ee: eee iT E A O R a a RAR nmin ‘ i 
; Figures in parentheses indicate number of dogs. 
AO = mean aortic pressure (mmHg); Cl = cardiac index (ml/kg per min); HR = heart rate (beats/min); LVEDP = left ventricular 
 and-diastolic pressure (mm Hgy LV MRPR = left ventricular maximal rate of rise of pressure (mm He/sec): MWI = minute work index 


(g-m/kg per min); RA = right atrial pressure (mm Hg); Rs = systemic resistance (units). 


*P values >0.1 listed as not significant (NS). 
+P values based on comparison with control values. 


dogs isosorbide dinitrate was administered as in the nor- 
mal dogs for 30 minutes with evaluation of effects at 15 
and 30 minutes. 
~ Displacement of the wedged catheter did not occur. 
There was difficulty in withdrawal similar to that encoun- 
“tered during withdrawal from the. pulmonary “capillary 
wedge” position. Injections. of Hypaque ” were made to 
¿rule out reflux of injectate arid, with later thoracotomy, a 
“gmail amount of Evans blue dye was injected further to 
> rule out dislodgment or reflux. Finally, additional dye was 
“-injected followed by potassium: chloride-induced arrest of 
the heart with left ventricular injection. The stained por- 
“tion of myocardium was weighed and expressed as a per- 
centage of the left. ventricle and septum to estimate total 
involved area. 

In this group and in group 3 arterial and coronary sinus 
blood samples were analyzed for partial pressure of oxygen 
and pH with. Radiometer electrodes. Oxygen saturation 
levels were determined using: the oxyhemoglobin dissocia- 
tion curve of the dog.?* 

Group 3: dogs with thrombus obstruction: In 10 
` dogs after control: measurements, main branch coronary 
„arterial obstruction: was accomplished by means of a 
thrombus- producing electrode catheter advanced 1 to 2 
“em beyond the origin of a main left coronary. arterial 


branch?! (Fig. 1). A slow infusion of unheparinized saline 
solution (0.2 ml/min) through the catheter kept. the distal 
opening patent for later isotope injection to determine 
collateral flow. 

Since the method of obstruction in: these dogs involved 
thrombus formation, no heparin could be given: initially. 
In sampling blood for the inscription of dye curves, we ex- 
perienced some difficulty with clotting. Therefore; control 
cardiac output. values were obtained in only 4 of these 
dogs. There was no statistically significant differences: be- 
tween the control values in the dogs with wedge and 
thrombus obstruction regarding weight, hematocrit, heart 
rate, pressures and coronary blood flow.: These 4 values for 
output were therefore grouped with the 9 control values 
for output from the dogs. with wedge obstruction, provid- 
ing 13. control values for later determinations of cardiac 
output (and. derived variables) in the dogs with thrombus 
obstruction, 

Ventricular extrasystoles were eliminated by adminis- 
tering intravenous doses of procainamide (initial dose 10 
mg/kg). Initial post-cbstruction: hemodynamic measure- 
ments were made | hour after S-T segment: elevation and, 
as in the dogs with wedge obstruction, up to 3 hours be- 
fore infusing isosorbide dinitrate. 

At the end of the experiment Hypaque injected through 
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TABLE Ii 


Normal Dogs: Effects of Isosorbide Dinitrate Infusion on Coronary Circulation (+SEM) 
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ee Ao CBF Re Sa0: Ca0: Ces0; Ca-c80, MVO: 
Control 124 114 111 96 17.3 7.7 9.6 11.4 
i +4 +9 +7 +1 +0.7 +0,6 +0.8 +13 
(12) (41) (11) (9) (9) (9) (9) (8) 
During infusion 
5 Min 112 116 102 96 16.7 8.1 8.6 10.4 
+5 +10 +8 +1 +1.0 40.2 +11 +1.8 
P value* <0.001 NS <0.05 NS NS NS NS NS 
15 Min 106 102 102 95 16.8 7.3 9.5 10.5 
+4 +7 +8 +1 +0,7 0.4 40.7 +13 
P value <0.001 <0.05 NS NS <0.02 NS NS NS 
30- Min 105 102 108 95 16.7 7.0 9,7 10.8. 
ATL A $4 +11 +8 +2 +0.7 +0.5 +0.8 +1,9 
<P value <0.001 NS NS NS <0.01 NS NS NS. 
45 Min 107 99 113 96 16.7 1.2 9.5 9.0 
= +4 +9 +7 +1 £0.8 +0.6 +0.9 +1,6 
o PWalue <0:001 NS NS NS <0.05 NS NS NS 
60 Min 109 105 110 94 16.6 7.0 9.6 10.8 
OLE +4 +10 +9 +2 +0.8 +04 +0.7 +1,6 
P value <0.01 NS NS NS <0.05 =0.1 NS NS 
After infüsion 
60 Min 125 106 132 %4 I2 7:2 10.0 11.9 
+6 +10 +13 +2 +10 ‘£0.9 aL. 2.0 
; (10) (9) (9) (6) (6) (6) (6) (5) 
ie valuet NS NS <0.05 NS NS NS NS NS 





T Figues! in parentheses indicate number of dogs. 


a Ao = mean aortic pressure (mm Hg); CBF = coronary blood flow (mi/100 g. per min), Ça» C80) | = coronary arteriovenous oxygen as 
‘difference (vol %); CaO. = coronary arterial oxygen content (vol %); CBF = coronary blood flow (m1/100 g per min); CcsO, = coronary — 
_ Sinus oxygen content (vol %); MVO: = myocardial oxygen consumption (ml/100:g per min); Re = : 


< arterial oxygen saturation (%). 
< * P values >0.1 listed as not significant (NS). 
tP values based. on comparison with control values, 





the lecttode catheter revealed reflux of dye in 1 dog with 
coronary blood flow measurements that were discarded. 
“Left ventricular muscle mass involvement was evaluated 
= as in the dogs with wedge obstruction. Since mitral regur- 

‘gitation results in overestimation of left ventricular vol- 

ume by the indicator-dilution method, left ventricular 

cineangiograms were performed over a 4 hour period in 8 
~ additional dogs with thrombus obstruction; no regurgita- 
-tion was seen. 

Student's t test was sd for statistical analysis of the 
data. The grouped t-test was used only when comparing 
the various groups of dogs and in the instance of cardiac 
output and derived data in the dogs with thrombus ob- 
struction, as indicated. ‘Whenever possible, the more 
sensitive paired ¢ test was used to reveal small but statis- 
tically significant differences. 


Results 
Normat Dogs 


Systemic effects (Table I): Hour-long infusions 
-of isosorbide dinitrate caused significant but nonpro- 
gressive decreases in aortic pressure as well as left 
ventricular end-diastolic pressure, cardiac index, left 
-ventricular minute work and maximal rate of pres- 





coronary resistance (units); SaO, = 


sure rise. Heart rate, right atrial pressure and sys- 
temic resistance did not change. Cardiopulmonary — 
volume was reduced in 3 of the 4 dogs in which it. 
was measured and left ventricular end-diastolic vol- 
ume in 2 of 4 dogs in which it was measured (Fig. 2). 
One hour after. discontinuance of infusion, cardiac 
index, left. ventricular work and maximal rate of. 
pressure rise were still significantly reduced com- 
pared to control values, and calculated systemic re- 
sistance was increased. No electrocardiographic ab- 
normalities occurred. l 
Coronary effects (Table II); After infusion of. 
isosorbide dinitrate, coronary blood flow was not in- 
creased, and coronary resistance was reduced only at 
5 minutes of infusion. Repeated flushing of the sever- 
al inserted catheters to avoid damping of pressure’ 
pulses usually resulted in a 2 or 3 percent decrease in- 
hematocrit during infusion. This resulted in a-small. 
decrease in oxygen content (approximately. 0.6 vol 
percent). Minimal decreases in both coronary blood | 
flow and coronary arteriovenotis oxygen differenc 
resulted in a 10 percent reduction of myocardial o 
gen consumption (6 of 8 dogs) which was not statisti- 
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TABLE MI 


NITRATE INFUSIONS IN MY 





Systemic Circulatory Effects of Myocardial Infarction and Modification by Isosorbide Dinitrate Infusion (SEM) 















































Pressures 
HR Ao LVEDP RA Cl Rs MWI CPV EDV EF LV MRPR 
A. Wedged Catheter Occlusion 
_ Control 156 127 7 84 162 148 9.8 2.2 0.24 2640 
(no. = 9) +10 +9 +1 +1 +9 +17 +24 +0,6 +0,2 +0,01 320 
‘Post occlusion — 
1/, Hour 147 125 8 62 222 104 9.8 2.5 0:19 2180 
+7 +9 +1 +1 +7 33 +16 £08 0.3 +0,04 £320 
P value* NS NS NS NS <0.05 <0.05 <0.1 NS NS) NS NS 
1 Hour 154 127 8 61 233 104 10.3 2.8 0.17 2115 
+8 +6 skh ted +6 32 +12 +09 40,6 “0.03 260 
P value* NS NS NS NS <0.02. 0.02 <0,05 NS SNS <0.02 <0.02 
2-3 Hours 155 115 9 56 205 88 9.4 2.10. 0.19 2045 
+6 £9 42 Æl +5 +33 +9 40.7 £0.3 0:02 £230 
`o P value* NS NS NS NS <0.02 <0.05. <0,02 NS NS <0.05 <0.05 
Iso infusion 
(no. = 6) ; Ka ; 
Before Iso 157 102 9 53 163 90 9.8 1.8} 0.23: 1715 
+7 +9 +2 +I +10 2412 +12 0.8 ii +90 
© 15Min 162 89 7 ; 1715 
+8 ok6 42 +1 I +180 
-P valuet NS -<0.01. <0.01 NS | oe : a bea i NS. 
` 30 Min 164 BR], i 63 139 B90 reg 0:19- 1641 
+9 E T at 14 +1 o 6 +18 $6 o E04 eae 1) 
P valuet NS <0.001. <0.05 NS. NS. : NS. <0.1 NS ice a NS 
ena B. Thrombus Occlusion Main Branch 
Control 173 132 7 ; 798 TAS 138 96$ ie 
(no, = 10) +9 45 l +0,3 6 14 +17 +0,5 . 
: ' Post occlusion 
` 1 Hour 148 115 15 AT 251 66 11,7 . 
+12 £7: +4 +0,4 +4 21 +8 +1,6 ; 
P value NS <0.05 005 L002 o <0.01 0r. <0.01 NS 
2to3Hours 135 1: 15 50 225 67 12.1 2.7 0.15 
+13 +8 +3 +0,7 +3 +17 +9 +1,3 £0.2 0,01. 
P value <0.01 <00 <0.01 .<0.02 0 <0.01 <05 <00 <0.1 e 
infusion 
15 Min 132 100 12 ; 
+12 EF 2 0,7 : 3 
P valuet NS <G.01 <0.01 NS rer ia ere re 
30 Min 131 102 12 52 195 SMEG | Ge ADE O08 
+11 “7 +2 0.6, +4 21 +8 41,2 0.3 +£0.01 
P valuet NS <0.05°  <0.01 NS NS NS NS. NS: 0,05 





*P values >0.1 listed-as not significant (NS). 


NS 


+ P value based on isosorbide dinitrate. infusion vs. 2to:3 hour post-ogclusion results before infusion; | 
{ Measured in 4 dogs; increased in 2, decreased in 2, ; 
§ Nine control-values from dogs with wedge obstruction and 4 control animals from. the group ‘with thrombus onstrueen (see.Meth- 


` ods). 


CPV = true cardiopulmonary volume (ml/kg) (right atrial-superior vena caval junction to aortic root); EDV = 


stolic volume (ml/kg); EF = 
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left ventricular ejection fraction; other abbreviations as in Table |. 


left ventricular end-dia- 
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TABLE IV 
oronary Response in Myocardial Infarction and Modification by Isosorbide Dinitrate infusion (SEM) 






Ao CBF Re PCP PCP/Ao pHa $a. Pad: PesO, Pa-cs0, 


i A. Wedged Catheter Occlusion 
Control 127 110 111 ae a 7,36 94 85 28 57 





(no. = 9)* +9 +8 +8 se ae +0.02 +1 +3 +3 +3 
Post occlusion 
15 Min 123 30} 46l 33 0.27 aaia a 81 22 5B 
+7 +4 +81 +4 +0.03 ee ode +5 +2 +5 
P value NS . <0,001 <0.01 wi adi beds a <0.1 <0.02 NS 
30 Min 125 39 328 41 0.33 7.34 92 79 23 57 l 
, +9 +6 +34 £4 +0.02 0.0L... 2 £5 +2 EAR 
- P value NS <0.001 — <0.001 ee oe EONS NS NS <O.1 NS 
_ 60 Min 127 28 «462 37 0.29 7.38 94. 86 22 BA 
ee) +2 +53 +5 +0,02 9 40.020 bbe 5 2 a 
P value <o NS <0.001. <0.001 2 s.. ia NS NS” NS <0.02 NS 
< 2-3 Hours 115 18 665 31 0.27 7.35 94 8 a 66 i 
A l +10 +8 +90 +4 0.03 £0.02 . +l +7 +2 E 
 Pyvalue - NS <0.001 <0.001  ... ae NS. NS. NS <0.01 NS. 














































Infusion 
be Mee BY ; 
Before 102 cow ED 629 30 0.28 7,36 93 83 
ee “Ad +4 +108 +4 +£0.08... «40.03 HL A 
15 Min 89 22 493 29 0.34 7,35 93 BL 
ere ess +4 +12 — +6 40.08 £001 20k 
-oP valuet < <0.01 NS NS NS NS NS. NS) ONS 
30. Min 85 29 320 30 0.33. 86s BR 82 
Bete, +9 +5 +52 5 40.08 £0.02 2 ed 
c: Pvaluet <0.001 <0.05 =0.02, NS NS NS NS) ONS 
A B. Thrombus Occlusion of Main Branch = 
ontrol RR 95 144 . OPT oo age 9 
(oa 10§ EE +9 +12 : +0.02 chlo 2 
_ Post occlusion yee a l 
1 Hour 16 38F 349 = 7.367 96. 96 31 64 
+7 +6 +54 +0.02 al +2 ET E 
P value 0.05 <0.01 <0.01 NS NS NS NS NS 
tj Hour 14 42 273 7.33 ee eee I 30 es 
ee) +6 +27 ; £0.01 pia 4 +6 E 
value NS <0.01 <0.01 ' E E NS NS Noo 
ooe 23 Hours “0 37 369 7.36 96 98 29 6 
ere uh £10 +6 +79 0.02 0 sd 4 +3 E 
P value <0.01 <0.001  <0.02 NS NS NS NS NS 
Infusion - D 
5Min 100 42 370 7.35 9 90 26 64 
+9 +10 +97 +0,02 +1 +4 +2 +3 
P valuet ~ <0.01 NS NS NS NS NS NS NS 
30 Min -102 37 398 7.35 94 90 25 6 
+7 +7 +116 +0.01 +1 +5 +2 ed 
P valuet 0.05 NS NS NS NS NS NS <0.05 


eee) Ss IE ke OE coe ce RI TNL eee OIE re BoP SP Berm reree Fee 

* All variables Were not measured in all 9 dogs at each stage of study. Thus, in control and pre-infusion period 7 to 9 measurements. 

were made at each point. a 
{After occlusion, CBF and Rc refer to coronary collateral flow and resistance. 

+P value based on results after isosorbide dinitrate infusion vs. results 2 to 3 hours after occlusion. 

oo) §10.dogs; 7 to 10 measurements at each point for each variable. coe 

-| Pa-csO, = coronary arteriovenous PO, difference (mm Hg); PaO, = partial pressure of oxygen in arterial blood (mm Hgy: “PcsO, =. 

EEN partial pressure of oxygen in coronary sinus blood (mm Hg); PCP = mean peripheral coronary pressure (distal to occlusion) (mm Hg); 

pHa = arterial pH. Other abbreviations as in Table Il. oe 
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SYSTEMIC EFFECTS OF ISORDIL INFUSION AT 30 MINUTES 
tas WEDGE OBST. 


NORMALS 


THROMBUS OBST. 


140 

136 

hae 120 
am Ag 

` no 


100 


Bo 





LVEDP 
mm Hg 


EDY 
mis Kg 


cPy 
LOAM A Rg 


cr 
“ats Kg min 





ww 
gm / Ke / min. 





‘at 7 


¢ MI 4-30 
T CONTROLS IN 9 WEDGE '> 
4 THROMBUS DOGS 
Figure 2. After isosorbide dinitrate administration, dogs. with 
infarction responded similarly to normal dogs in regard to re- 
duction of aortic and end-diastolic pressures with a slight de- 
Crease in heart volume. However, values for cardiac output, un- 
like those of normal dogs; tended to rise rather than fall with no 
further reduction in left. ventricular minute work. The number of 
dogs is indicated. at bottom of each bar. Clear bars represent 
control values (C) + SEM, diagonal bars infarction values pre- 
ceding drug infusion (Ml), and cross-hatched bars the result 
following 30 minutes of drug infusian (1-30). Other abbreviations 
as in Tables | and lii. P values <0.1 are indicated for compari- 
son of results before and after drug infusion only. 


eally significant. One hour after the end of the infu- 
sion, except for an increase in calculated coronary re- 
sistance, the coronary circulatory measurements were 
comparable to control values. 


Bogs with Myocardial Infarction 


Electrocardiographic evidence of ischemia and in- 
farction (S-T segment elevation and Q waves) devel- 
oped in all dogs in the 2 groups with obstruction. 
Procainamide was required to suppress ventricular 
arrhythmias in 2 dogs with wedge and all but 1 with 
thrombus obstruction. In only 1 dog was this agent 
required after the first hour of ischemia. Left ven- 
tricular involvement by weight averaged 13 percent 
(range 9 to 19 percent) in the dogs with wedge and 
38 percent (23 to 48 percent) in the dogs with throm- 
bus obstruction. 

Systemic effects (Table III): The effects of 
myocardial infarction in the 2 groups were similar 
although more pronounced among the dogs with 
thrombus obstruction. Dogs with wedge obstruction 
showed significant decreases in cardiac index, left 
ventricular work and maximal rate of pressure rise 
and ejection fraction, with increased systemic resis- 
tance, Nonsignificant minor increases in left ventric- 
ular end-diastolic pressure and volume also occurred. 
Dogs with thrombus obstruction showed greater re- 
duction in cardiac index and left ventricular work 
with increased systemic resistance. Unlike the dogs 
with wedge obstruction they also showed significant _ 


decreases in heart rate and aortic pressure with in- -` 


creases in left ventricular end-diastolic and right at- 
rial pressure. . 

After infusion of. isosorbide dinitrate in both 
groups with infarction, there were significant de- 
creases in aortic and left ventricular end-diastolic 
pressure and (in the group with thrombus obstruc- 
tion) an increase in left ventricular ejection fraction. 
There were slight decreases. in systemic resistance 
and cardiopulmonary volume which were not statis- 
tically significant. Both groups differed in their re- 
sponse to isosorbide dinitrate when compared with 
normal dogs (Fig. 2). Whereas in normal animals 
isosorbide dinitrate infusion caused a fall in cardiac 
index, in the dogs with infarction, the cardiac index 
was unchanged or slightly higher. Calculated left 
ventricular work decreased approximately 25 percent 
in normal dogs but did not change significantly in 
the dogs with infarction because of the slight rise in 
cardiac index accompanying the decrease in systemic 
pressure. 

Coronary effects (Table IV): In the dogs with 
wedge obstruction coronary collateral blood flow 
after occlusion was found to be approximately 30 to 
40 percent of that in the control state with a 3- to 4- 
fold increase in calculated resistance. A slight wid- 
ening of the coronary arteriovenous oxygen difference 
was found 1 hour after occlusion, but this was not 
statistically significant. After 30 minutes of isosor- 
bide dinitrate infusion, statistically significant in- 
creases in coronary collateral blood flow, a decrease 
in ceronary collateral resistance and narrowing of 
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coronary arteriovenous PO: difference occurred. The 
ratio between mean peripheral coronary pressure and 
mean aortic pressure also increased in 4 of 5 dogs in 


which it was measured; this change, although not 


-statistically significant, was another indication of in- 


-creased collateral flow. 


In the dogs with thrombus obstruction, unlike 
~~ those with wedge obstruction, no statistically signifi- 
cant changes in the coronary collateral flow could be 
detected after administration of isosorbide dinitrate, 
although the coronary arteriovenous PO% difference 
narrowed in both groups. Arterial pH tended to de- 
crease after thrombus occlusion, probably reflecting, 
in the presence of adequate ventilation, metabolic 
acidosis. 
Discussion 


Since the aim of the current study was to examine 
the effects of nitrate administration after acute myo- 
-“veardial infarction, ischemia was maintained for a 
- sufficient time (40 to 60 minutes) to assure irreversi- 
‘bility of this process in an appreciable area of myo- 
cardium.25 After coronary occlusion 2 to 3 hours 
< were allowed to elapse to eliminate the effects of 
spontaneous changes in coronary collateral flow and 


: “any antiarrhythmic medication upon results ob- 


‘tained with the administered nitrate. 

The potentially beneficial effects of nitrates in 
acute myocardial infarction might derive from either 
dilatation of collateral vessels to the area of ischemia 
or a reduction in oxygen requirements of the heart. 

Coronary collateral flow: After experimental 
occlusion of a main left coronary arterial branch in 
the dog, several studies have shown increases of flow 
in the adjacent branch.26?8 Such increases may be 
interpreted as at least partially providing perfusion 
by way of collateral channels to ischemic areas of 
myocardium. Can nitrates enhance collateral flow to 
such areas? Redding and Rees!! found that an intra- 


~- venous bolus injection of nitroglycerin 6 to 7 hours 
after coronary. arterial occlusion increased collateral 


flow. Becker and associates,? using radioactive mi- 
crospheres, found that when nitrates were adminis- 
tered before circumflex arterial occlusion, endocar- 
dial to epicardial count ratios were more normal 
than in untreated occlusions, although counts in the 
ischemic circumflex area were not improved relative 
to those in the anterior descending myocardial area. 
Using rubidium to estimate blood flow distribution 
in dogs with myocardial ischemia, Mathes and 
Rival?’ obtained similar results. 

In the present study significant increases in coro- 
nary collateral flow after administration of isosorbide 
dinitrate were found in the group with wedge but not 
in the group with thrombus occlusion although the 2 
groups had similar significant reductions in aortic 
perfusion pressure. There are several possible expla- 
nations for this finding: (1) Collateral supply to the 
smaller areas involved in the wedging experiments 
may have been better. (2) The small amounts of iso- 
tope injected into the larger areas of ischemia in the 
dogs with thrombus formation may have been 
accommodated in the central area of infarction, and 


increases in clearance that may have occurred at the 
periphery may not have been clearly reflected in the. 
washout curves. (3) As in the studies noted, although 
total flow to the ischemic area may not have in: | 
creased, a favorable redistribution of flow within the 
area may have occurred. ; 
Myocardial oxygen requirements: Perhaps of 
equal importance to any observed increases in coros, 
nary collateral flow are the effects nitrates might. 
have on oxygen requirements of the heart. The de- 
creases in systemic pressure and left ventricular end- 
diastolic pressure (and probably volume) all would. 
lead to decreased oxygen requirements. An impor- 
tant difference between normal dogs and those with 
myocardial infarction was the failure of the latter to. 
demonstrate a further reduction in cardiac output 
after administration of isosorbide dinitrate. Slight | 
increases in cardiac output balanced decreases in. 
pressure so that calculated cardiac work did not 
change. Since the pressure component of cardiac. 
work requires greater oxygen consumption than the 
volume component,®° this finding would represent 
increased overall cardiac efficiency. It should be noted ` 
that in both groups of dogs with infarction, the coro- 
nary arteriovenous PO, decreased with isosorbide 
dinitrate infusion, thus suggesting either an increase. 
in flow or an overall decrease in myocardial oxygen 
consumption. : 
Possible adverse effects and clinical implica: 
tions: Clinically, the major acute adverse effect of | 
nitrates has been hypotension.?! Since, in the pres- 
ence of experimental? and human myocardial in- 
farction,3 hypotension has. been shown to aggravate’ 
ventricular ectopic rhythms, nitrate-induced hypo- 
tension was considered a possible potentiator of such 
arrhythmias in our study. However, the reductions in. 
pressure observed were neither progressive nor as se- 
vere as those produced by Harris?? or seen in human: 
cardiogenic shock, and therefore caused no difficul- 
ties. In the normal dogs 1 hour after discontinuance 
of drug infusion, cardiac output and minute work, 
were still reduced despite normal systemic pressures: 
with resulting calculated increases in vascular resis- 
tance. This effect. is probably related to the pro- 
longed effects of nitrates on peripheral venous pool- 
ing, resulting in decreased venous return.34:35 In 
view of the various effects of end-diastolic volume,. 
pressure, heart rate and aortic pressure on the maxi- 
mal rate of rise in left ventricular pressure, the small 
reduction observed 1 hour after discontinuance of the 
infusion cannot be fully evaluated without control of: 
all such factors.36 Thus, it appears that no ill effects 
resulted from isosorbide dinitrate infusion at the 
dose level used in either normal dogs or those with 
acute myocardial infarction. The safety of nitrate 
administration in acute experimental myocardial in- 
farction and demonstrated beneficial effects in this 
and other experimental work indicate the need for 
further studies of nitrates, their possible role in de- 
creasing scar size and increasing survival and their 
effects on other aspects relating to the natural histo- 
ry of myocardial infarction. l 
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Recently it has been established that factors that affect myocardial : 
oxygen consumption also influence the magnitude and extent of isch- 
emic injury. In the nonfailing heart when mean arterial pressure. 
was increased, the extent of ischemic injury decreased and, after : 
isoproterenol or digitalis administration, ischemic injury increased. a 
However, agents such as digitalis and catecholamines can have dif. 
fering effects on myocardial oxygen consumption, depending on the | 
initial contractile state and heart size. Moreover, since many patients _ 
with acute myocardial infarction have an associated depression of — 
left ventricular function, the relevance of the earlier findings to the 
failing heart must be considered. ae 
The present study was undertaken to examine the effects of a l 
temic arterial hypertension, digitalis and isoproterenol on the exte 
of myocardial ischemic injury after acute pharmacologic depression 
of the dog heart. Following cardiac depression. in 22 experiments, i 
when mean arterial pressure was increased from 110 to 145 mm 
Hg, mean S-T segment elevation increased from 3.6 to 4.7 mv (P 
<0.05). In 6 acutely depressed left ventricles, ouabain (0.03 mg per i 
body weight kg) resulted in a decrease in mean S-T elevation from | 
4.2 to 1.5 mv (P <0.01), whereas the average left atrial pressure — 
decreased from 25.3 to 11.1 mm Hg. In 3 of 10 studies, administra- _ 
tion of isoproterenol in small doses produced a positive inotropic — 
and chronotropic effect on the depressed heart but failed to increase i 
the extent of ischemic injury. These studies indicate that the effects | 
of hemodynamic and pharmacologic interventions can depend on 
the prior functional status of the left ventricle. Thus, in contrast to 
findings in the nonfailing heart, in the presence of acute experimen- 
tal cardiac depression, elevation of systemic arterial blood pressure 
to above normal levels after coronary occlusion can result in the ex-— 
tension of ischemic injury, whereas. digitalis can decrease the extent. 
of myocardial ischemic injury. 






The balance between local myocardial oxygen supply and demand 
appears to be an important determinant of the survival of ischemic. 
myocardium after an acute coronary occlusion. Recent studies have 
shown that the extent of myocardial ischemic injury after experi- 
mental coronary occlusion can be altered by a variety of pharmacologic 

and hemodynamic interventions,’ each of which alters the heart’s 

oxygen requirements. In these studies, performed in the normal dog. 
heart, elevation of the level of systemic arterial pressure decreased 
the extent of myocardial ischemic injury, as estimated from changes. 
in the epicardial S-T segments and intramyocardial creatine phos- 
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phokinase (CPK) levels.1 Therefore, despite in- 
creases in left ventricular wall tension and the resul- 
tant augmentation of myocardial oxygen de- 
mands? ~? the predominant local effect appeared to 
result from an increase in coronary perfusion pressure, 
presumably with enhancement of coronary blood 
flow.8-9 On the other hand, digitalis or isoproterenol 
administration was accompanied by an increase in 
the extent of ischemic injury,} presumably because 
the associated increase im myocardial oxygen con- 
sumption? was not balaneed by a sufficient increase 
in local coronary blood flow. 

Many patients with acute myoeardial infarction 
exhibit signs of left ventricular failure.1!-12 Since the 
cardiac glycosides do not alter—or actually re- 
-duce—-myocardial oxygen consumption in the failing 
heart,?° and since arterial hypertension in the pres- 
ence of heart failure may cause a further deteriora- 
tion in left ventricular performance with an atten- 
dant increase in heart size, myocardial wall tension 
and oxygen consumption,*:® it appeared likely that 
in the presence of cardiac dilatation the effects of 
these interventions on the extent of ischemic myo- 
cardial injury could differ from those observed in the 
normal, nonfailing heart. Accordingly, the present 
study examined the effects of increasing arterial 
pressure and the administration of digitalis and 
: isoproterenol on the extent and severity of myocar- 
dial ischemic injury after coronary ligation in the 
acutely failing dog heart. 


Methods 


Studies were carried out in 38 mongrel dogs weighing 
“between 16 and 25 kg and anesthetized with intravenous 
“sodium thiamylal (average 25 mg per kg body weight). 

Respiration was maintained with a Harvard respiratory 
pump. The heart was exposed through a left thoracotomy, 
suspended in a pericardial cradle, and 1 or 2 of the major 
branches of the left anterior descending coronary artery, 
or the distal vessel itself, were dissected free. The artery 
was then occluded with a Sehwartz intracranial arterial 
clamp, and the severity and extent of ischemic injury fol- 
lowing coronary occlusion were assessed by an epicardial 
- mapping technique described in detail previously. In 
brief, a soft cotton wick soaked in saline solution and 
lightly impacted in a hollow metal cylinder (4 mm in di- 
-sameter) was connected to the precordial lead of a stan- 
dard electrocardiographic amplifier (sensitivity of 1 
mv/mm_ recording deflection). The cotton wick electrode 
: prevented direct pressure-releted effects of the recording 
electrode. on the S-T segment, as indicated by the lack of 
S-T segment elevation in recordings obtained before oc- 
clusion. In previous studies, this. technique has been shown 
to provide a reproducible level of S-T elevation at each 
site. 

Before coronary occlusion, & to 14 sites on the left ven- 
< tricular surface were selected for epicardial electrocar- 
< diography. These were located. within and around the area 
~ supplied by the coronary branch to be occluded as well as 

in areas remote from the occlusion. The sites were at easi- 
ly. definable landmarks and ceuld be relocated with accu- 
racy. Elevation of the S-T segment at each site after oc- 
clusion served to justify the presence of local ischemia. In 
each experiment, the average S-T segment elevation, ex- 


pressed as the sum of the S~T segment elevations at all 
sites divided by the number of sites, was determined. The 
value of mean S-T elevation was then used as an index of 
the severity of ischemie injury during any occlusion in a 
given animal. The number of sites at which S-T elevation 
exceeded 2 mv was used as an index of the extent of tissue 
injury. , 

Systemic arterial and mean left atrial pressures were 
menitored continuously through polyethylene cannulas in- 
serted by way of the carotid artery and left atrial append- 
age, respectively, and attached to Statham model P23Db 
pressure transducers, All variables were recorded on a 
Clevite model Mark 260 direct writing oscillograph. 

The effects of increasing arterial pressure in the normal 
and. pharmacologically depressed heart: were assessed in 12 
animals before and after the induction of cardiac depres- 
sion. In 7 dogs, the coronary artery was occluded and, 
after a stable level of S~T segment elevation was obtained 
(assessed by consecutive epicardial maps), mean aortic 
pressure was increased for at least 10 minutes either by 
aortic constriction (2 experiments) or by the intravenous 
infusion of phenylephrine (0.2 to 0.4 ug/kg per min, 5 ex- 
periments) while epicardial maps were repeated. The cor- 
onary occlusion was then released, the infusion stopped, 
and the heart allowed to recover. One hour after release of 
the occlusion acute cardiac depression was induced by the 
infusion of propranolol (1 to 3 mg/kg, 5 experiments), so- 
dium pentobarbital (1 mg/kg per min, 1 experiment), and 
procaine hydrochloride (2 mg/kg per min, 1 experi- 
ment).13 The occlusion was then repeated and the effects 
of a second increase in arterial pressure produced by the 
same technique were assessed, epicardial maps being ob- 
tained at 10 minute intervals after occlusion. In the re- 
maining 5 dogs the protocol was similar, except that coro- 
nary occlusion was maintained when the initial phenyl- 
ephrine infusion was stopped. Cardiac depression was 
then induced with pentobarbital or propranolol infusion, 
and a second increase in arterial pressure to the previous 
level was induced. 

‘To examine the possibility that the initial coronary oc- 
clusion before induction of ventricular depression had in- 
fluenced the results, cardiac depression was induced by 
propranolol (2 to 4 mg/kg, 5 experiments) or sodium 
pentobarbital (1.5 mg/kg per min, 5 experiments) before 
initiation of coronary occlusion and hypertension. 

In 16 animals the effects of ouabain (6 dogs) and 
isoproterenol (10 dogs) on myocardial ischemic injury also 
were examined in the presence of acute left ventricular 
depression induced. by sodium pentobarbital (1.5 mg/kg 
per min) or propranolo! (2.5 mg/kg). The mean left atrial 
pressure in these experiments increased from an average 
of 3.0 + 1.0 (SEM) to 11.4 + 1.0 mm Hg (P <0.01) fol- 
lowing cardiac depression. Arterial hypertension induced 
by phenylephrine infusion further increased left atrial 
pressure to 25.4 + 3.4 mm Hg. Epicardial maps were ob- 
tained with coronary occlusion in the presence of cardiac 
depression and arterial hypertension, and ouabain (0.03 
mgrkg) was then administered in 6 experiments and 
isoproterenol (0.05 to 0.25 ug /kg per min) in 10. 


Resuits 


Effect of elevation of arterial pressure level: Two 
coronary occlusions were performed in 7 dogs. The 
first occlusion was performed before, and the second 
after cardiac depression had been induced. Ten min- 
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ates after the first occlusion, elevation of the mean 
_ arterial pressure level was associated with a reduc- 
on in mean S-T elevation and in the number of 
sat which S-T segment elevation exceeded 2 mv 
ble I). This increase in arterial pressure was asso- 
ciated with a slight increase in mean left atrial pres- 










TABLE 1 
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sure, whereas heart rate remained almost constant: 
In contrast, in the same hearts following acute cardi- 
ac depression, a similar elevation of aortic pressure 
resulted in increases in the average mean S~T seg- 
ment elevation and the number of sites. at which S-T 
elevation exceeded 2 mv. Under these circumstances | 


Effects of Arterial Hypertension on Ischemia Before and After Cardiac Depression 





Before Cardiac Depression 


aeara aeaaea aaO EE EE A A A 





After Cardiac Depression 








Inter- ea a 
Experiment vention ST BP HR LAP 
Sg c 5.8 5 140 6 
TBP 2,9 175 112 11 
4 c 41 114 102 2 
on TBP 15 170 103 15 
© 4.6 115 142 8 
TBP 2:3 145 145 11 
O: 143 158 3 
TBP O0 170 158 4 
c 5.8 ` 108 150 8 
TBP 4:4 167 132 13 
Co 1 120 155 3 
TBP C37 170 148 11 
Co Bl 133 178 8 
FBP 4.4 190 148 18 
Os I E T: 146 54o 
oo sk 04 +6 49 + 1.0 
PEARS: OZRT 170 135 13.3 
ot 0.6 ce § 28 i 1,0 





NST ST BP HR LAP NST 

6 6.4 73 94 8 6 

6 6.9 125 105 15 6 

7 1.5 127 92 2 2 

0 2.4 190. 92 7 4 

4 2.0 100 86 10 0 

2 2.3 150 a7 20 3 

5 1.6 130 138 6 2 

0 2.2 160 115 22 3 

3 3.8 80 80 10 6 

2 6.4 120 77 23 7 

7 5.2 92 136 9 8 

5 6.0 120 122 17 8 

8 3.9 138 140 10 6 

8 3.9 205 141 32 8 

5.7 3.5 106 108 7.9 4.3 
ce 0.7 0,7 HI E 10 +11 HEI 

3.2 4.3: 153 "106. 20.9 5.6 
oe 1.2 + 0.8 +13 t8 ob 27 0.8 


k ia 
cak: BP œ values obtained after stable elevation of mean arterial blood pressure (BP) tothe levels shown (mm Hg); C = control values} . 


HR = heart-rate (beats/min); LAP = 
“mv; ST = mean S-T segment elevation (mv). 


- TABEN 











Before Cardiac Depression 


Effects of Arterial Hypertension on Ischemic Injury After Coronary Occlusion 


left atrial pressure (mm Hg); NST = number of sites at which $-T segment elevation exceeded 2. 





After Cardiac Depression 





~~ Experiment Intervention, ST BP HR 
1 G6 120 140 
f BP 6.2 165 148 
2 c 3.2 105 146 
TBP 1.5 206 146 
3 Cc 3.1 130 136 
TBP 17 160 131 
4 C 4.4 137 165 
t BP 3.6 193 150 
5 c 2.4 93 105 
t BP 0.7 142 111 
Average c 4.1 117 138 
++ SEM 0.9 +8 +10 
f BP 2.7 173 137 
+1.0 +1 +7 






-Abbreviations as in Table i. 
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NST ST BP. HR NST 
11 3.4 -98 152 9 
11 4.1 127 158 9 
5 2.5 80 132 4 
2 2.5 160 146 4 
6 2.0 123 134 2 
3 2.7 161 132 4 
8 7.0 146°. 153 8 
7 7.0 190 150 8 
5 1.0 106 98 0 
2 1.9 160 102 4 
7 3.2 110 134 4.6 
41,2 +1 +11 + 10 2.0 
5 3.6 159 138 5.8 
+ 2.0 +1 zÆ: 10 as 10 ae 1.2 
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Figure 1. The effects of increasing arterial pressure on. epi- 
cardial S-T segment elevation. in the normal and. failing heart. 
BP |? = effects of coronary occlusion when aortic pressure is 

“increased; C = effects of coronary occlusion at normal aortic 
pressure (control). 


mean left atrial pressure increased to a much greater 

-extent than in the nonfailing hearts (Table T). 
~. In the 5 dogs in which the coronary occlusion was 
- maintained (Table II), increasing arterial pressure by 
phenylephrine infusion before cardiac depression de- 
creased the average mean S-T elevation from 4.1 to 
2.7 mv and the average number of sites with S-T el- 
-evation exceeding 2 mv from 7 to 5. Following de- 
pression of the heart, arterial pressure again was in- 
creased, but now the average mean S-T elevation in- 
creased slightly from 3.2 to 3.6 mv and average num- 
ber of sites with S-T elevation exceeding 2 mv rose 

. from 4.6 to 5.8. 

Figure 1 shows the combined data from these 12 
studies. When cardiac function was. not depressed, 
elevation of mean arterial pressure from 118 + 5 to 
167 + 7 mm Hg in the presence of coronary occlusion 
reduced the average mean S-T elevation from 4.4 + 
0.4 to 2.7 + 0.5 mv (P <0.01) and the average num- 
ber of sites with S-T elevation exceeding 2 mv from 
6.3 + 0.6 to 4.0 +.1.0 (P <0.01). In the same 12 dogs 
with coronary occlusion and cardiac depression, 
when mean arterial pressure was increased from 108 
+ 7 to 156 + 11 mm Hg the average mean S-T ele- 

=. vation increased from 3.4 + 0.6 to 4.0 + 0.6 mv (P 


<0.05), and the average number of sites with S-T 
elevation exceeding 2 mv rose from 4.1 + 0.9 to 5.3 
+ 0.6 (P <0.01). Moreover, the changes in mean left 
atrial pressure were significantly different in the fail- 
ing heart, the increase being larger, 10.2 + 1.3 to 
22.9 + 2.1 mm Hg, whereas in the nonfailing ventri- 
cle mean left atrial pressure increased from 5.4 + 1.0 
te 13.2 + 1.0mm Hg. 

In the 10 dogs in which cardiac function was first 
depressed by propranolol or pentobarbital, phenyl- 
ephrine infusion increased mean arterial pressure 
from 109 + 5 to 152 + 7mm Hg (P <0.01) and mean 
left atrial pressure increased from 12.2 + 2.1 to 25.3 
+ 3.8 mm Hg (P <0.01). With this increase in arteri- 
al pressure, while coronary occlusion was main- 
tained, mean S~T elevation increased from 3.9 + 0.9 
to 5.5 + 0.8 mv (P <0.01) and the average number 
of sites with S-T elevation exceeding 2 mv increased 
from 6.1 + 1.2 to 8.8 + 0.6 (P <0.01). There was no 
significant difference between the increase in mean 


MEAN ST-SEGMENT 
ELEVATION (mv) 


MEAN AORTIC 
PRESSURE (mmHg) 
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Figure 2. Effects of ouabain in an acutely depressed heart. 
Between C (control) ang 20 minutes, coronary occlusion was 
performed and maintained while arterial pressure was main- 
tained at an elevated tevel with.phenylephrine. Recordings indi- 
cate epicardial electrocardiograms froma single site within the 
ischemic zone. 1 = control; 2 = after. coronary occlusion but 
befere administration of ouabain; 3. = after administration of 
ouabain while coronary occlusion and increased arterial pres- 
sures were maintained. 
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“Figure 3. Average effects of ouabain (6 experiments) ` on 


o ; ` mean §-T segment elevation and hemodynamic variables after 


coronary ligation-and with arterial pressure increased. 


S+T elevation produced by hypertension in the ani- 
mals in which the cardiac depression had been in- 
duced by nembutal as opposed to those in which 
‘propranolol had been employed (average 50 and 45 


percent, respectively): 


=< Combining the data obtained from all 22 dogs dur- 
ing cardiac depression (Fig. 1, after failure) when 
mean arterial pressure increased from an average of 
“110 + 5 mm Hg to 145 + 8 mm Hg (P <0.01), mean 
S-T elevation increased from 3.6 + 0.5 to 4.7 + 0.5 
mv (P <0,01), and the number of sites with S-T ele- 
Nation exceeding 2 mv rose from 5.0 + 0.8 to 6.8 + 
ce 0 6 (P <0.01). 

-Effects of ouabain: The effects of ouabain on 
myocardial ischemic injury in the acutely failing 
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heart are illustrated by the experiment shown in Fig- 
ure 2. After the induction of cardiac depression and: 
hypertension, ouabain decreased both mean left at- 
rial pressure and mean S-T segment elevation. The | 
average results observed in 6 dogs with depressed left 
ventricular function 15 minutes after the administra- _ 
tion of ouabain (0.03 mg/kg) are summarized in Fige- 
ure 3. Mean S-T elevation decreased from 4.2 + 06: 
to 1.5 + 0.3 mv (P <0.01) and the number of sites 
with S-T elevation exceeding 2 mv fell from 9.8 + 
0.7 to 2.2-+ 0.9 (P <0.01). Average: mean left atrial. 
pressure fell from 25.3 + 3.8 to 11.1 + 0.8 mm Hg (P 
<0.01) and heart rate fell slightly but significantly _ 
from 116 + 7 to 104 + 8 (P <0.025). Since cardiac | 
glycosides are known to affect the S-T segment in | 
the normal heart, the effects of ouabain on the S-T 
segment were examined at myocardial sites proximal 
and far removed from the coronary occlusion. Ato 
these sites there was a significant fall in the S-T seg- 
ment from 0.5. + 0:2 to -0.5 + 0.2 (P <0:01) alb- 


OCCLUSION PHENYLEPHRINE ISOPROTERENOL 
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Figure 4. Effects of isoproterenol infusion on S-T segment _ 
elevation in the presence of cardiac depression and coronary 
ligation in a-single experiment. Phenylephrine and-isoproterenal - 


were infused continuously from the points indicated by the ar- : 
rows. 
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though this change was much less than that ob- 
served in the ischemic argas (4.2 to 1.5 mv). 

Effects of isoproterenol: Isoproterenol was in- 
fused in 10 experiments following the induction of 
arterial hypertension amd acute cardiac depression. 
In 7 of these experiments mean S-T elevation in- 
creased substantially as observed previously, but in 
3 studies, when a small dose of isoproterenol was ad- 
ministered (0.05 g/kg per min), mean S-T elevation 
changed insignificantly from values of 5.6, 2.8 and 
2.8 mv to 5.9 mv, 2.4 mv and 2.7 mv, respectively. In 
these 3 experiments, mean left atrial pressure fell 
from control levels of 19, 20 and 22 mm Hg to 2, 6 
and 15 mm Hg, respectively, whereas heart rate in- 
creased by 10, 13 and 18 beats/min respectively. A 
representative experiment of this type is shown in 
Figure 4. 


Discussion 


Factors that influence myocardial oxygen con- 
sumption2-7.13 have been shown to influence the se- 
verity and extent of S-T segment elevation following 
experimental coronary occlusion.:!4 Moreover, these 
studies have also shown that changes in epicardial 
S-T segment elevation predict subsequent myocar- 
dial ischemic injury, as reflected by myocardial cre- 
atine phosphokinase (CPK) activity and histologic 
and ultrastructural changes in the myocardium 24 
hours after the occlusion.1-15.16 The current studies 
support the hypothesis that the extent of myocardial 
ischemic injury during coronary ligation depends on 
‘the balance between oxygen supply and demand in 
the ischemic area, and extend the application of this 
principle to the depressed heart. Importantly, they 
demonstrate some significant differences in this set- 
ting. 

In the normal heart subjected to acute coronary 
occlusion, the area of myocardial ischemic injury de- 
creases during elevation of aortic pressure above 
base-line levels, thus suggesting that. coronary perfu- 
sion and oxygen delivery to marginally perfused 
areas are enhanced more than oxygen consumption 
is augmented by increased wall tension.1 However, 
in the pharmacologically depressed heart in which 
the elevation of aortic pressure caused marked in- 
creases in left atrial pressure, reflecting marked car- 
diac dilatation, small but directionally opposite ef- 
fects on the severity of myocardial ischemic injury 
occurred. Therefore, it may be surmised that, in the 
depressed heart, increased systolic left ventricular 
wall tension, and hence myocardial oxygen require- 
ments, predominated over any increases in diastolic 
coronary perfusion pressure and flow that may have 
taken place. Additionally, it is possible that cardiac 
dilatation and increased wall tension unfavorably af- 
fected the local coronary circulation in areas adja- 
cent to the ischemic zone. These studies do not, of 
course, address the problem of increasing coronary 
perfusion pressure toward normal levels in the pres- 
ence of cardiogenic sheck or serious hypertension. 


Under these conditions, even in the presence of car- 
diac failure, it might be expected that the adverse 
effects of hypotension on coronary blood flow would 
be favorably affected by increasing aortic pressure. 1° 

In the presence of cardiac depression and increased 
mean left atrial pressure, digitalis decreased the se- 
verity and extent of ischemic injury. Again, this rep- 
resents an effect opposite to that observed during 
coronary occlusion in the nonfailing heart.1 Pre- 
viously, we have shown that the positive inotropic 
effect of digitalis augments the oxygen consumption 
of the normal heart but does not alter—or actually 
decreases--the oxygen consumption of the acutely 
failing heart.12 This effect was attributed to the 
marked reduction in wall tension induced by digital- 
is in the depressed left ventricle, which presumably 
offset the increase in oxygen consumption resulting 
from the augmented inotropic state alone.” This ef- 
fect was probably responsible in large part for the re- 
duction in S~T segment elevation observed after dig- 
italis administration in the presence of coronary oc- 
clusion and acute cardiac failure, although an in- 
crease in local coronary flow or collateral circulation 
and oxygen tension resulting from the reduction in 
wall tension also could have played an important 
role. 

In 3 of 10 experiments in which isoproterenol was 
administered in the presence of cardiac depression 
and arterial hypertension it was possible to regulate 
the administration of this drug to a level that re- 
duced the mean left atrial pressure but did not sub- 
stantially affect the S-T segment elevation. There- 
fore, it seems likely that the markedly positive ino- 
tropic and chronotropic effects of isoproterenol usu- 
ally augment oxygen consumption proportionally 
more than they reduce wall tension and, conse- 
quently, most often result in increased S-T segment 
elevation. However, it is notable that even with this 
agent it was possible, in several instances, to im- 
prove the contractility of the depressed heart with- 
out increasing ischemic injury. 

Clinical implication: Cardiac depression induced 
by pharmacologic agents does not necessarily mimic 
the cardiac depression observed in patients during 
acute myocardial infarction, and extrapolation of 
these data to the clinical setting must be made with 
caution. Nevertheless, the observed hemodynamic 
responses to increased blood pressure and to positive 
inotropic agents in the acutely depressed dog heart 
resemble those. observed in the failing human 
heart.4+-6.17-19 The present findings indicate that in 
interpreting the effects of various forms of therapy 
for acute myocardial infarction on local myocardial 
ischemia, consideration should be given. to the func- 
tional state of the left ventricle before the initiation 
of treatment. 
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The feasibility and safety of percutaneous venous and arterial cathe- 
terization in infarts and children was investigated prospectively from 
July 1, 1970 to July 1, 1971. Femoral vessel catheterization using 
an indwelling sheath was performed in 565 of 582 consecutive pro- 
cedures attempted. The percutaneous technique was unsuccessful 
and a venous cutdown procedure required in 17 patients, a failure 
rate of 3 percent. Prior percutaneous procedures had been. per- 
formed in 71 patients and, in most instances, the same vessels were 
used for the repeat catheterizations. 

Percutaneous retrograde arterial catheterization was attempted 
and accomplished in 260 patients. Left heart catheterization was 
achieved by passage of the venous catheter through a foramen 


ovale, atrial septal defect or ventricular septal defect in 229 of the 


565 percutaneous venous prograde studies. — 

A diminished arterial pulse was noted immediately after the. pro- 
cedure in 16 of the 260 patients who underwent retrograde arterial 
catheterization. Twelve of these 16 patients weighed less than 15 kg. ~ 
The pulse remained diminished in any 3 of these 16 patients 3 to 6 i 
months later. eS 

Advantages of percutaneous sheath cardiac catheterization in- 
clude the ability to use the same vessel: for repeat studies, the small 
incidence of arterial complications, the ease of making, many 
changes in catheter as well as the ability to use any type of catheter. 
In addition, there is a greater chance. of entering the left side of the 
heart with a prograde femoral venous catheter which, in many pa- 
tients, may avoid performance of a retrograde arterial procedure. 


Very few patients with functionally. important congenital heart dis- 
ease can be managed competently without the aid of cardiac cathe- 
terization and angiocardiography. Furthermore, optimal management 
of the patient often requires performance of one or more additional 
serial studies to assess the natural course of the particular defect or 
to judge the effect of medical.or surgical treatment.1 Percutaneous 
insertion of the cardiac catheter has distinct.advantages over surgi- 
cal techniques: Not only is it more acceptable to the patient or par- 
ents when the procedure is first described to them but, by avoid- 
ing venous ligation or arterial repair, it permits the same vessels to 
be used again if multiple studies are indicated. This report presents 
the results of a prospective analysis of the advantages, disadvantages 
and complications of this procedure as it is currently employed at 
the Texas Children’s Hospital. 


Materials and Methods 


During the 1 year period; July 1, 1970 through June 30, 1971, percuta- 
neous femoral vessel catheterization. using an indwelling sheath was at- 
tempted for the cardiac catheterization procedure in all patients who 
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Figure 1. Technique for percutaneous sheath cardiac cathe- 
terization. A, the needle is inserted through the skin and into the 
vessel lumen. The course of the needle should be as parallel as 
possible to both the surface of the skin andthe long axis of the 
vessel. B, the guide wire is passed through the needle and ad- 
“vaneed up the inferior vena cava to the right atrium. ©, the 
needle is removed leaving the guide wire in the vessel. The 
needle hole in the skin is widened to 2 to 3 mm with a no. 11 


oo sealpel blade and a'small straight hemostat is inserted into the 
-o o tract along the guide wire. This needle tract is then widened by 
\ slowly opening the jaws.of the hemostat. D, the sheath and dila- 


tor unit is advanced over the wire. The Teflon dilator is passed 
through the skin and with a rotary motion is advanced into the 


vessel. E, the sheath is advanced over the dilator and into the 
~-wessel. The Teflon (venous) sheath can be advanced and rotat- 


ed ina manner similar to that used for the dilator. However, the 

thin-walled Polypropylene (arterial) sheath should be grasped 
tightly. between the thumb and index finger and advanced over 
the guide wire together with the dilator with only a slight twisting 
motion. F, the dilator and guide wire are removed leaving the 
“Sheath in the vessel lumen where it remains for the duration of 
. the catheterization procedure.* G, any type of catheter that is 
‘desired can now be inserted through the sheath into the ves- 
sel. 

*To avoid excessive bleeding (or, in the case of a venous 
sheath, the possibility of air aspiration) the operator should al- 
“ways occlude the orifice of the sheath during catheter changes. 
Note: A sheath of any given internal diameter can be changed 
tO one of larger. internal diameter by a reversal of steps G 





through C. 


weighed 7 kg or more. In infants who weighed less than 7 
kg the choice of technique was made by the operator. 
There were 729 cardiac catheterizations performed in 677 
patients during the study. period, and 565 of these cathe- 
terizations were performed percutaneously. The procedures 
were performed by 11 different. physicians, 7 of whom had 
less than 2 years’ experience in the catheterization labora- 
tory. 

The technique of percutaneous sheath cardiac catheter- 
ization employed in our laboratories is a compilation of 
the modifications of the Seldinger technique described by 
Lurie et al.? in 1963 and by Desilets and Hoffman? in 1965 
(Fig. 1). A percutaneous Teflon® sheath and dilator unit 
(U.S. Catheter and Instrument Corp.) is used for venous 
catheterization and a thin-walled Polypropylene sheath 
and dilator unit (U.S. Catheter and Instrument Corp.) is 
used for arterial catheterization. In both instances, the 
sheath is left in place throughout the procedure. The few 

: materials necessary for the insertion of catheters by the 
percutaneous sheath technique are all readily available 


14", 19 gauge, thin walled, 
short bevel needle 


ioe 





+f Scapel. blade 





Bimma 
Teflon Venous Sheath #6F 






 Hemostat 


RIIE 
Polypropylene Arterial 
Sheath #6F.” 


Teflon Dilator #6F 


Dog goig: ae Eeti a 
cm = = Goil Spring Guidewire 





Figure 2. Material used for percutaneous insertion of cathe- 
ters. no. 6 F = no. 6 French. Note: A 20 gauge thin-walled dispos-: 
able needle and 0.021 inch guide wire may be useful in children 
weighing less than 10 kg. 


from commercial sources (Fig. 2). On completion. of the 
catheterization procedure the catheter and sheath are re- 
moved together and pressure is applied to the femoral. 
area for 5 to 10 minutes or until all bleeding has ceased. A. 
firm pressure dressing is then placed over the area of. 
puncture and left in place for 6 to 8 hours. 

The type, severity, time of onset and duration of all 
complications were recorded during the 24 hour observa- 
tion period after cardiac catheterization. The post-cathe-. 
terization observation for complications included evalua-. 
tion of bleeding or the development of hematoma as well 
as the color, skin temperature, rapidity of capillary filling: 
and proximal and distal pulses in the catheterized limb. 
Patients: who exhibited any abnormality of pulse or tem-. 
perature in the catheterized limb were reevaluated during. 
the first month after the procedure. 

Factors that might influence the success rate and com: 
plications of the percutaneous technique were also record- 
ed. These included diagnosis, age of the patient, weight, 
body surface area, previous catheterizations (cutdown or 
percutaneous), size and type of catheters and sheaths 
used as well as the number of changes of catheter. 

Patients who underwent cardiac catheterization during. 
the period of study ranged in age from a few hours. to.29 
years (Fig. 3). Forty percent (296 patients) were 2 years of 
age or less. The patients ranged in weight from 2.0 to 90 
kg, with 50 percent weighing less than 16 kg (Fig. 4). 


Results 


There were 729 consecutive cardiac catheteriza- 
tions performed in 667 patients during the study pe- 
riod (Table I). Percutaneous femoral vessel catheter- 
ization using an indwelling sheath was performed in 
565 of 582 consecutive procedures attempted. Percu- 
taneous retrograde arterial catheterization was at- 
tempted and accomplished in 260 patients. Left 
heart catheterization was achieved by passage of the 
venous catheter through a foramen ovale, atrial sep- 
tal defect or ventricular septal defect in 229 of the 
565 percutaneous studies. The type of cardiac cathe»: 
terization performed and weight of patients are list- 
ed in Table II. 

In 17 of the 582 attempts, percutaneous insertion 
of the venous catheter was unsuccessful and a venous 
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6-1 4-15 16-20. 21-30 31-40 
WEIGHT (Kg.) 


~-cutdown procedure was required, a failure rate of 3 
percent (Table III). In 14 of the 17 patients the guide 
< wire could not be passed through the needle into the 
femoral vein. A cutdown procedure was performed 
¿without difficulty ‘at the site of percutaneous at- 
tempts in 12 of these patients; in the other 2, a cut-. 
down. procedure in the arny was required. 
Of the total group of 729 patients, 399 (55 percent) 
had previously undergone cardiac. catheterization 
“(Table IV}. Twenty-five percent: had previously had 
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Figure 4. Weight distribution in 
729. cardiac catheterizations. July 
1, 1970-to July t, 1971: 


2 or more procedures. Prior percutaneous cardiac 
catheterizations had been performed in 71 patients, 
and 3-of these patients: had previously: undergone 2 
percutaneous procedures. A cutdown procedure was 
performed in only 3 patients who had previously had 
a percutaneotis, procedure. One patient underwent a 
cutdown procedure in the opposite leg to permit per- 
formance of a balloon atrial septostomy 2 days after 
a percutaneous catheterization. One. patient request- 
ec. a basilic vein cutdown because of pain encoun- 
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TABLE I 
on Cardiac Catheterization Techniques: July 1, 1970 to July 1, 1971 








“Catheterization Technique Total 
Type of ee aie te ees Bis Neel 
Catheterization Percutaneous Cutdown Umbilical no. % 
RH only* 76 ll bd g r 
RH and LH with 
venous catheter* 229 143 2 374 51 
RH and retrograde 
LH 254 2 6 262 36 
Retrograde LH 
only 6 ae pis 6 1 
Total 565 (78%) 156 (21%) 8(1%) 729 100 


* Includes 155 patients who underwent concomitant needle 
~arteriotomy. in-order to monitor systemic variables and to ob- 


oo tain dye-dilution curves. 


-LH = left heart; RH = right heart. 


: TABLE II 
a Percutaneous Cardiac Catheterization: 


July 1, 1970 to July 1, 1971 





Weight (kg) 








Type of . Ge 16- 2l- 3l- Mia 
< Catheterization l-5 10 :15 20 30 40 >40 no. % 
“RH only* 1 8 7 5 WW 7 il 6% B 
+ o RH and LH.with 
venouscathetert 3. 78 44 40 35 8 21 229 4l 
RH and retrograde =o ooo 
LH . 23 37 48 59 27 60 254 45 
Retrograde LH p 
only a N n a E S | R | 
4 110.88 113 113 44 93 565 100 


Total 





* Includes 49 patients who: underwent concomitant needle 
arteriotomy. 
otincludes 85 patients who underwent concomitant needle 


E _arteriotomy. 


tered during a prior percutaneous procedure. (He 
stated afterward that: the arm cutdown procedure 
was just as uncomfortable.) Percutaneous catheter 
introduction was unsuccessful in a third patient, who 
had undergone a percutaneous procedure 8 months 
previously... A cutdown: procedure was performed 
without difficulty at the site of previous catheteriza- 
tion. 

Technical complications related to the use of the 
percutaneous technique occurred in 2 patients. In 1, 
a cutdown procedure was required to remove the 
severed tip of a guide wire from the inguinal region. 
In another, a Teflon dilator was not removed from 
the sheath before insertion of the catheter and was 
inadvertently advanced into the inferior vena cava, 


_ where it was found at the end of the procedure. The 


use of a snare device* enabled the dilator to be re- 
‘trieved as far as the femoral vein from which it was 
-then removed by cutdown. 
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TABLE lil 


Performance of Cutdown Procedures Because of Failure: of 
Percutaneous Femoral Technique (17 of 582 Patients 
[3 percent)) 

















Patients 
Weight. 
Cause no, (kH 
Inability to enter vein 4 , 
5 1-5 
7 6-10 
1 11-15 
1 >15 
Related to femoral route 2 
Severed tip of guide wire 1 
Total 17 
TABLE IV 
Prior Cardiac Catheterizations 
Patients 
Prior Procedures no. % 
Cutdown and 
percutaneous 
0 330 45 
1 228 31 
2 120 17 
3 36 § 
24 15 2 
Total 729 100 
Prior percutaneous 
procedures 
1 68 
2 3 
Total 71 





A diminished arterial pulse was noted iimédiately A 
after the procedure in 16 of the 260 patients who 
underwent retrograde arterial catheterization. In 4_ 
patients the presence of a cool, pulseless and slightly. 
cyanotic limb was the result of excessive compression 
of the femoral artery by a pressure bandage. In each | 
instance the pulses returned as soon as the bandage 
was removed, and all findings returned to normal 
within 3 to 4 hours. Absence of pulses in the cathe- 
terized limb was not seen in any other patient. In 7 of 
the remaining 12 patients, a diminished arterial 
pulse was associated with decreased skin tempera-_ 
ture. Two patients also exhibited delayed capillary 
filling. Within 24 hours after the catheterization, 
capillary filling was normal in all patients; dimin- 
ished skin temperature persisted in 3 of the 7 pa- 
tients. These 3 patients still have diminished pulse 
in the catheterized limb 3 to 6 months after the pri 
cedure. The interval between cardiac catheterizatio 
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TABLE V 


"Percutaneous Sheath Cardiac: Catheterization—Vascular 
Complications in 260 Retrograde Arterial Procedures: 
July 1, 1970 to July 1, 1971 





Transient Abnormality 





___ Patients (interval to Vascular Recovery) 

Weight Age He oe W PAJ Persistent 
Range Range aea lies ne : sill Abnor- 
(kg) (yD: Total 4* 34 4 | 4 = 812s malityt 
5-10 5Smo-2yr 9 3 ... 2 1 1 1 1 

11-15 2-4 e baes wh f ; 1 2 

16-20 5-6 1 Ws! idee watt ete Shes 0 

21-30 7-13 3 o- t Lhe, a Te 0 

Total 16 4 i 3 1 3 1 3 





* Bandage too. tight. Pulse returned as soon as it was re- 
moved, and all findings were nermal in 3 to 4 hours. 

+Persistently diminished arterial pulses: 3 patients in 260 
‘> retrograde catheterizations (1.2%). 


“and vascular recovery of these patients is summa- 
‘rized in Table V. 

Other significant vascular complications such as 
laceration of the femoral artery or perforation of an 
artery intraabdominally have not occurred in this se- 
ries. A small number of patients have had bleeding 
from the catheterization site within 1 to 2 hours after 
the procedure. In each instance manual compression 
at the site and application of a tighter pressure 
_ bandage controlled the bleeding. Massive hematoma 

formation has not been noted although in some pa- 
tients, especially those who have undergone percuta- 
_ neous arterial catheterization, considerable extrava- 
sation of blood may occur in the subcutaneous 
tissues surrounding the inguinal region, resulting in 
an unsightly ecchymosis that may persist for up to 2 
to 3 weeks. 


Discussion 


Percutaneous sheath cardiac catheterization is a 
safe technique which is easily learned and is readily 
applicable to cardiac catheterization in the pediatric 
patient. Previous reports”>~? have described percuta- 
neous cardiac catheterization in infants and children 
using end-hole tapered catheters or a sheath tech- 
nique developed by Desilets and Hoffman? in 1965. 
With the latter method, the sheath is inserted into 
the vessel, used for catheter exchange, and then 
withdrawn. A recent report® has described in detail 
the basic methods used for percutaneous insertion of 
catheters. 

In our laboratories percutaneous cardiac catheteri- 
zation is performed utilizing an indwelling venous or 
arterial sheath, or both. In the majority of instances, 
with use of the materials described in Figure 2, per- 
cutaneous catheter entry can be accomplished in the 
same length of time and often in less time than 
would have been required for catheter entry using 
the cutdown technique. Procedure failures have usu- 


ally resulted from inability to cannulate small vessels 
or to place the needle well within the vessel lumen to 
allow easy passage of the guide wire. Once the needle 
has been inserted into the vessel and a free flow of 
blood obtained, the guide wire should pass through 
the needle without resistance. If this is not the case, 
the bevel of the needle may require repositioning. 
Unless the latter can be accomplished easily, the 
needle should be withdrawn and pressure applied for’ 
hemostasis; further attempts can then be made in 
the same vessel if desired. In children weighing less 
than 7 kg, the use of a guide wire or needle of smaller 
diameter (0.021 inch and 20 gauge, respectively) 
facilitates entry into a small-vessel. 

After passage of the guide wire through the needle, 
resistance may be met within the vein itself because 
of entry into a tributary or into a tortuous part of 
the vessel. Should this occur, the guide wire can be 
changed for one with a slightly curved tip provided 
there is no resistance on withdrawal of the wire 
through the needle. If resistance to withdrawal of the 
guide wire is encountered, both the needle and guide 
wire must be removed together. The alternative for 
management of a guide wire lodged in the vein is 
withdrawal of the metal needle, replacement with a 
plastic cannula over the guide wire and then with- 
drawal of the wire. Contrast material can then be in- 
jected through the plastic cannula to visualize the 
site of obstruction. After the site of difficulty has 
been determined, a guide wire is again inserted 
through the plastic cannula and manipulation under 
fluoroscopic control should be sufficient to bypass. . 
the problem area. Once the guide wire has been — 
passed up the inferior vena cava, the most difficult 
part of the procedure has usually been passed, and 
the remainder should proceed without problem. 

If an experienced operator has been unable to 
enter the vessel and pass the guide wire into the 
lumen after a sufficient length of time, the percuta- 
neous technique should be abandoned and a cut- 
down procedure performed. Percutaneous insertion 
of the venous catheter was unsuccessful in only 3 
percent of the procedures attempted in this study. 
There were no failures in attempts at percutaneous 
retrograde arterial catheterizations.. The majority of 
failures on the venous side were in patients weighing 
less than 10 kg (Table HI), and cutdown procedures 
were performed without difficulty in each case. 


Femoral Route 


Right heart catheterization from the leg rather 
than the arm provides a greater chance of entering 
the left heart with a prograde venous catheter. In 
many patients this may obviate the need for a retro- 
grade arterial procedure. In this series, left heart 
catheterization with the venous catheter was accom- 
plished in 41 percent of the patients who underwent 
percutaneous cardiac catheterization. The majority 
of these patients were older infants and children 
(Table ID. 
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The presence of coarctation of the aorta has been 
suggested as an indication for performing a retro- 
-grade brachial or axillary arterial catheterization in- 
stead of using the femoral approach. 5 Coarctation of 
“the aorta was encountered in 32 patients during the 


_ period of this study, and in only 1 was it necessary to 
_.. abandon the femoral approach and perform a bra- 
-chial cutdown procedure. Thus, in this series, the 

-presence of this anomaly has not been found to be a 
=: contraindication to the percutaneous femoral ap- 


proach. 


Repeat Procedures 


Prior cardiac catheterizations had been performed 
in 399 patients in this study. Prior percutaneous pro- 
cedures had been performed in 71 patients from 2 
days to 3 years previously. In most instances the 

tight femoral vein was used for both procedures 
without difficulty. Femoral vein obstruction or 
thrombosis of the inferior vena cava was not found in 
any patient who had previously undergone a percu- 


: taneous procedure. 
Arterial Complications 


~The loss or diminution of peripheral arterial pulsa- 
< “tions is a common complication after retrograde ar- 
terial cardiac catheterization regardless of the tech- 
< nique used.5.7.9-11 In a previous study, there was evi- 
dence of impairment of arterial circulation after sur- 
gical arteriotomy in 33 percent of 500 infants and 
children.” The incidence of diminished or absent pe- 
+ tipheral pulses in recent studies of percutaneous car- 
diac catheterizations has been less than 20 percent 
<- during the first 24 hours after the procedure.®-? Per- 
-gistence of peripheral pulse abnormalities has oc- 
curred in 3 to 8 percent of these patients. 
In the present study 16 of the 260 patients who 
» underwent percutaneous retrograde arterial catheter- 
< ization had diminished arterial pulses immediately 


ne after the procedure (Table V). Four of these patients 
“recovered immediately after an occlusive pressure 


bandage had been removed; an additional 4 patients 
had normal pulses within 48 hours after catheteriza- 
tion. Of the 8 patients who had diminished peripher- 
al pulses 48 hours or longer after catheterization, 5 
have recovered. A diminished peripheral pulse with- 
out disability has persisted in 3 patients (1.2 per- 
cent) from 3 to 6 months after catheterization. Sev- 
enty-five percent of all arterial complications in this 
study occurred in patients weighing less than 15 kg, 
and the 3 patients with persistent complications are 
in this weight range. The increased incidence of arte- 
rial complications in patients weighing less than 15 
kg has also been noted by other investigators.5.7 

The specific cause of a diminished pulse following 
percutaneous catheterization is obscure in most in- 
stances. Thrombosis of the catheterized vessel ac- 
counts for a portion of those patients with dimin- 
ished pulses.57 Since the duration of arterial cathe- 
terization may contribute to thrombus formation and 
arterial occlusion,®:7-12 it follows that an arterial 


catheter, if required, should be inserted as late in the 
entire procedure as possible. However, it is desirable 
to have an arterial sampling site during the course of 
right heart catheterization in order to monitor sys- 
temic variables and to obtain dye-dilution curves. 

No arterial injury has been noted attendant to the 
use of an indwelling plastic arterial cannula during 
cardiac catheterization in 155 patients. Thus, a plas- 
tic cannula can be safely used as an arterial sam- 
pling site without necessitating the introduction of 
an arterial catheter. If further arterial or retrograde 
studies are desired, the plastic cannula can be re-. 
placed in the artery by a sheath through the use of a 
guide wire. The use of this procedure may have con- 
tributed significantly to the fact that surgical throm- 
bectomy was not required in any patient in this se- 
ries. 

Trauma to the vessel wall and surrounding tissues 
as a result of long and intense manipulation with the 
catheter, as well as repeated catheter changes, has 
been considered to be another factor related to the 
incidence of vascular complications.®13 The use of 
an indwelling sheath in our laboratories is probably 
the major reason for the small incidence of complica- 
tions and lack of any inajor vessel thrombosis in this. 
series. The sheath serves as a fixed route from the 
skin directly into the vessel lumen and thereby 
serves to avoid any contact or excessive trauma to 
the arterial wall or surrounding tissues by catheter 
movement or changes. In addition, the arterial 
sheath is thin-walled and only increases the diameter 
of the opening in the arterial wall by 1/2 French size. 
Thus, by minimizing the local tissue injury atten- 
dant to retrograde arterial catheterization, the inci- 
dence of complications can be significantly reduced. 


Advantages of Method 


The method of percutaneous sheath cardiac cathe- 
terization has a number of distinct advantages over. 
both the surgical exposure of vessels for catheter in- 
sertion as well as percutaneous cardiac catheteriza-. 
tion by techniques not utilizing a sheath. The sheath 
technique is not difficult to learn, and the introduc- 
tion of both sheath and catheters, even for the rela- 
tive novice, can frequently be performed by 1 person. 
A vein or artery that has previously been used for a: 
percutaneous or cutdown procedure can be used 
again for a percutaneous procedure and still be pre- 
served for future use. 

The use of an indwelling sheath permits a direct 
route of entry into the vessel lumen. It enables 
catheters to be changed quickly and easily and per- 
mits the use of end-hole, solid electrode or closed- 
end catheters for angiocardiography. A sheath of any 
given internal diameter can be changed to a larger 
one by a series of simple maneuvers, thus permitting 
the use of a variety of catheter sizes as well. 

Utilization of the femoral vessels for cardiac cathe- 
terization has several advantages over the brachial 
route, especially in providing a greater chance of en- 
tering the left side of the heart with a prograde ve- 
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nous catheter. In patients with transposition of the 
great arteries, all the cardiac chambers and great 
vessels, including the pulmonary artery, can be en- 
tered with the venous. catheter. In addition, most 
aorta to pulmonary artery surgical shunts as well as 
most major arterial branches can be entered with a 
retrograde femoral arterial catheter. 

The advent of modern surgical techniques com- 
bined with intensive medical care has resulted in the 
survival of a large population of patients with pre- 





viously fatal cardiac disorders. At the same time, 


cardiac catheterization has become extremely impor- 
tamt in the diagnosis and management of these pa- 
tients. In an era when serial cardiac catheterization 
studies are becoming more and more common, the 
need is very great for a technique that combines a 
low incidence of morbidity with the preservation of 
the catheterization site. This study has shown that 
percutaneous sheath cardiac catheterization is such 
a technique. 
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In patients with transposition of the great arteries associated with 
ventricular septal defect, passage of the prograde venous catheter 
into the pulmonary artery can sometimes be difficult and is not al- 
ways successful. Retrograde femoral arterial catheterization by the 
percutaneous sheath technique proved to be a safe, rapid and effec- 
tive method of entering the pulmonary artery in 10 patients after fail- 
ure of the prograde venous approaches. The retrograde approach is 
especially advantageous in patients with transposition of the great 
arteries associated with ventricular septal defect and an intact inter- 
atrial septum as well as in patients with I-transposition of the great 
arteries and ventricular septal defect... : i ; Si 








Measurement of pulmonary arterial pressure and oxygen saturation 
is essential in the hemodynamic evaluation of patients with both de 
and l-trânsposition of the great arteries associated with ventricular 
septal defect. Catheterization of the pulmonary artery, even with the 
use of special techniques and catheters,1-4 can sometimes be diffi- 
cult, time-consuming and even unsuccessful. The greatest difficulty. 
occurs in patients with /-transposition of the great arteries or in 
those who also have pulmonary stenosis or intact interatrial septum. © 

This report describes an additional technique for catheterization of 
the pulmonary artery in cases of d- and /-transposition of the great 
arteries associated with ventricular septal defect. This technique is 
currently employed at the Texas Children’s Hospital for patients in 
whom attempts to enter the pulmonary artery with the prograde ve- 
nous catheter have failed. poles i 


Materials and Methods 


During the 22 month period March 1970 through January 1972, 94 pa- 
tiènts with transposition of the. great arteries associated with ventricular 
septal defect underwent cardiac catheterization. Retrograde femoral arterial 
catheterization. with. use of the percutaneous sheath technique®.* was per- 
formed in 10 of these patients in an effort to enter the pulmonary artery 
after failure of prograde venous attempts. In 1 additional patient, only the 
retrograde approach was used. These 11 patients ranged in age from 10 
months (1 case) to.13 years and weighed 15 to 68 1b. 

With use of this technique, a loop is formed in the retrograde arterial 
catheter, preferably while it-is.in the aortic root: or after it has been intro- 
duced into the systemic ventricular cavity. The catheter is then readily ad- 
vanced across the ventricular septal defect and into the pulmonary artery 
(Fig. 1). The same technique may also be used to enter either atrium across 
the respective atrioventricular valve. 
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Figure 1. Spot film showing the 
retrograde femoral arterial catheter 
(small arrow) which has been 
looped in the systemic ventricle 
and advanced into the pulmonary 
artery. The prograde venous cathe- 
ter (large arrow) is also in place. 
Catheter course: Venous catheter: 
inferior vena cava, right atrium, left 
atrium, pulmonary ventricle. The 
catheter tip is directed posteriorly 
under the mitral valve. Arterial 
catheter: aorta, systemic ventricle, 
ventricular septal defect, pulmo- 
nary ventricle, pulmonary artery. 








Results In 1 of the 10 patients, the catheter was inadver- 
tently inserted initially into the femoral artery in- 
Catheterization of the pulmonary artery using the stead of the femoral vein. Entry into all cardiac 
retrograde femoral arterial technique was successful chambers and great vessels was therefore accom- 
in 10 of 11 patients (Table I, Cases 1 to 10). The av- plished with the retrograde arterial catheter within 
erage time interval between the introduction of the 40 minutes. 
retrograde arterial catheter and entry into the pul- The left atrium was entered with the retrograde 
monary artery was 10.5 minutes (range 5 to 20 min- arterial catheter in 7 of the patients, 3 of whom had 
utes). The mean time spent on prior unsuccessful at- an intact interatrial septum. 
tempts to enter the pulmonary artery with a pro- No complications were noted attendant to the use 
grade venous catheter was 40 minutes (range 15 to of a retrograde femoral arterial catheter for catheter- 
130 minutes). ization of the pulmonary arteries. 
TABLE | 
Summary of Cases 
S a aa 
Pulmonic 
Total ; ; Stenosis 
Prior Cath Radian LA Entered Systolic 
Case Weight Palliative Time yee kale Retro- Gradient 
no. Age (yr) (Ib) Diagnosis Procedures (min) Venous Arterial grade (mm Hg) 
oy E B ee eee 
1 3 31 TGA, VSD, PS, IAS Sdh 110 25 5 No 70 
2 1 16 TGA, VSD BAS, Band 40 An 57 Yes 50 
3 10 52 TGA, VSD, PH BH 110 35 5 No 0 
4 22 (mo) 16 TGA, VSD, PS, IAS Se. 135 40 10 Yes 70 
5 21 (mo) 15 TGA, VSD, PH, IAS eae 100 30 15 Yes 0 
6 9 56 TGA, VSD, PS, ASD, ee, 90 15 5 No 110 
Dextro. 
7 5 45 TGA, VSD, PS, ASD Ae 210 130 10 No 100 
8 5 47 L-TGA, L-loop, VSD Band 90 25 20 Yes 70 
9 10 (mo) 16 L-TGA, L-loop, VSD, PS lis 140 30 15 Yes 40 
10 13 63 L-TGA, single ventricle BH, Band 80 30 15 Yes 30 
11 4 26 TGA, VSD BH, Band 150 25 157 Yes 20 


GEESE Sia ae ENA E Se as rs ANSET E 

* Entire catheterization performed retrograde. 

+ Time attempting unsuccessful entry of pulmonary artery with retrograde catheter. 

ASD = atrial septal defect; Band = banding of the pulmonary artery; BAS = balloon atrial septostomy; BH = Blalock-Hanlon opera- 
tion; Cath = catheterization; IAS = intact interatrial septum; LA = left atrium; L-TGA = transposition of the great arteries (“L”); PA = 
pulmonary artery; PH = pulmonary hypertension; PS = pulmonary stenosis (valvular and/or infundibular); TGA = transposition of the 
great arteries (“D”); VSD = ventricular septal defect. 
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Discussion 
The measurement of pressure and oxygen satura- 
tion in the pulmonary artery is essential for the esti- 
: mation of pulmonary blood flow and vascular resis- 
t l s, in turn, are important in the 
with everetion of the great 






















a Lona should be atterint- 
ee youngest patient in this se was 





tion 41:1053--1056, 1970 


lis B: ‘Coaxial flow guided catheterization of the 
onary artery in transposition of the great arteries. Lancet 





os Venables AW, Bowdler. JD: Catheterization 
pulmonary artery in transposition of the great arteries: 





monary ventricle combined with the presence of pul- 
monary stenosis may be responsible for the difficul- 
ties encountered in the catheterization of the trans- 
posed pulmonary artery with a prograde venous 
catheter. The venous catheter is directed anteriorly 


when it transverses either atrioventricular valve and, 


even though a loop may be formed in the ventricle, it 
still may be quite difficult to direct the catheter tip 
posteriorly in order to traverse the pulmonary out- 
flow tract. In many instances, after the loop has been 
formed, the catheter tip will be directed posteriorly 
but. will be trapped under the leaflets of the mitral 
valve (Fig. 1). When a loop is passed into the ventri- 
cle with a retrograde femoral arterial catheter, the 


proximal portion of the loop will usually lie against 


the anterior wall of the right ventricle. The catheter 


tip will then be directed posteriorly and, as a result, 


can easily be advanced into the pulmonary outflow 
tract or across either atrioventricular valve with 
minimal manipulation. 

Retrograde femoral arterial catheterization by the 
percutaneous sheath technique has been shown by 
this study to be a safe, rapid and effective method of 
entering the pulmonary artery in difficult cases of 
transposition of the great arteries with ventricular 
septal defect. It has been especially 
patients with an. intact interatri 
techniques. using Pro ade n venous catheters could 
not be applied. ; 
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Sensitivity to Digitalis Drugs in Acute Myocardial Infarction 


BERNARD LOWN, MD, FACC Tolerance for digitalis during acute myocardial infarction: was evalu- 


MICHAEL D. KLEIN, MD l ated by acetyl strophanthidin testing. Fifty-four patients hospitalized 
ISAAC BARR, MD 


FRANS HAGEMEIJER, MD* in a coronary care unit were studied within 48 hours of admission; 
BERNARD D. KOSOWSKY. MD. FACC continuous electrocardiographic monitoring and the rapid onset in 
HENRY GARRISON, MD activity of acetyl strophanthidin allowed a precise titration of drug- 


induced arrhythmias. The dose schedule was 0.1 to 0.2 mg every 5 
to 6 minutes. Tolerance for 1.0 mg of acetyl strophanthidin or the 
emergence of gastrointestinal symptoms or electrocardiographic 
signs of early digitalis intoxication with 1.0 mg or less constituted the 
test procedure. Forty-eight of the patients (89 percent) tolerated a 
full dose of acetyl strophanthidin; vertricular ectopic mechanisms 
developed in only 3 patients (6.0 percent of those receiving 1.0 mg). 
An increase in blood pressure followed administration of acetyl stro- ED 
phanthidin in 32 (59.3 percent) of the 54. atients. a 
suggest that the large majority of patients with acute my 
farction and heart failure can nately be. treated with h digitalis u 


Boston, Massachusetts 







A widely held view is that aite myocardial infarction: sen jit 
heart to the toxic action of the digitalis glycosides. Evidence from 
animal studies has consistently demonstrated a reduction in the dose 
of digitalis required to produce arrhythmias after coronary arterial 
occlusion. 1-4 However, data on this subject i in man have been flimsy 
and anecdotal.5-® Selzer,> in a comprehensive review on the uses of 
digitalis in acute myocardial infarction, concluded that available 
studies ‘‘are inadequate i in number and design to place this subject 
on a scientific basis.”5 Hitherto unanswered questions are whether 
the acutely infarcted heart is more sensitive to toxic glycoside action 
and, if so, whether the sensitivity is of practical clinical importance 
or of marginal degree. 
~The problem of how to use digitalis properly i in patients with acute 


From the Cardiovascular Service: Depart myocardial infarction urgently requires solution. The widespread de- 
ment of Medicine, Peter Bent Brigham Hos- velopment of coronary care units permits careful observation and 
pital and the Cardiovascular Laboratories, study of patients and earlier detection of ventricular decompensa- 


Department of Nutrition; Harvard School of 
Public Health, Boston, Mass. This study was. 
supported in part by Grants HE-07776, 
5T1-HE-5242 and- PO1-HE-11306 

National Institutes of one 


tion. Indeed, 63 percent of such patients have been found to exhibit 
be some evidence of left ventricular failure.” Aggressive treatment of 
minor arrhythmias has yielded a rich dividend in patient survival.§ 
No such policy has been evolved when the presenting problem is that 
-< of incipient heart failure. Reluctance to employ digitalis drugs stems 
tm part from uncertainty as to whether the glycosides are hemody- 


















ippor j ‘ 
national Postdoctoral ‘Research | Fetowenip. ‘namically beneficial and in part from the known arrhythmogenic po- 
F05-TW-1331 from the National Institutes | of — tential of these drugs in patients already burdened with an abun- 
Health, U. S. Public Health Service. : dance of diverse arrhythmias. 

Address for reprints: Bernard Lown, MD, > ‘ ‘ 
Department of Nutrition, Harvard School of ‘The present study was undertaken to determine whether patients 
Public Health, 665 Huntington Ave., Boston, with acute myocardial infarction demonstrate unusual sensitivity to 
Mass. 02115. a digitalis drug administered in a therapeutic dose range. 
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Material and Methods 


Sensitivity to digitalis drugs was determined by the use 
of acetyl strophanthidin. Over the past 3 years acetyl stro- 
phanthidin tolerance tests were performed in. 96 patients 


with acute. myocardial - infarction and congestive heart 


failure who were admitted to the Samuel A. Levine Cardi- 
<ac Center, the coronary care unit of the Peter Bent Brig- 


. ham Hospital. The studies to be reported involve 54 of 


these patients who had not received digitalis drugs before 
<; hospitalization. The population consisted of 29 men and 25 

= women. The mean age of the men was 62.5 and that of the 
women was 71.8 years. In each case the diagnosis of myo- 
cardial infarction was confirmed by one or more of the fol- 
lowing criteria: (1) chest discomfort suggesting coronary 
“pain accompanied by progressive electrocardiographic 
changes signifying transmural or intramural myocardial 
injury; (2) protracted coronary pain accompanied by evo- 
lutionary rises in diagnostic serum enzyme values: cre- 
atine phosphokinase (CPK), glutamic oxaloacetic acid 
(SGOT) and lactic dehydrogenase (LDH)*; (3) character- 
< istic electrocardiographic changes of transmural myocar- 
¿dial ‘injury in the absence of typical chest discomfort or 


o diagnostic enzyme elevations; and (4) development of car- 


-diogenic shock without adequate explanation other than 
» myocardial infarction. In 46 of the patients, loss of R wave 
-and development of pathologic Q or qS waves character- 
ised the injury as transmural. Six patients sustained T 
“wave inversion or S-T segment depression, or both, of 
more than 24 hours’ duration, in the absence of change in 
“QRS complex; in the remaining 2, left bundle branch 
block obscured the locus of the infarct. The fact that this 
population had sustained extensive myocardial lesions was 
confirmed by the marked enzyme changes. Thus 39 (72.3 
percent) had peak LDH concentrations in excess of 500 and 





SGOT levels exceeding 100. Nearly half the patients had 


peak LDH levels greater than 1,000 and SGOT exceeding 
200. 

Indication for an acetyl strophanthidin tolerance test 
was based upon the presence of left ventricular failure 
complicating myocardial infarction. Pulmonary edema 
was noted in 15 of the 54 patients (27.8 percent) and car- 
diogenic shock in 8 (15 percent). Shock was defined as hy- 
‘potension below a systolic pressure of 80 mm Hg in the 


absence of volume depletion associated with oliguria 


‘and other clinical features of peripheral circulatory in- 
adequacy, In 46 (85 percent) of the patients the toler- 
ance test was performed. within less than 48 hours and in 
26 (48 percent) within less than 24 hours after hospitaliza- 
tion (Table I). 

The acetyl strophanthidin tolerance test was conducted 
in the following manner: A standard 12 lead electrocardio- 
gram was obtained. Leads H and V; were then contin- 
uously recorded for 10 minutes at a speed of 1 mm/sec by 
means of a 2 channel Brush Mark no. 220 recorder. During 
this time the presence and frequency of ventricular ectopic 
beats were noted. The second channel of the recorder 
was also used to transcribe blood pressure whenever a ra- 
dial arterial catheter had been inserted for patient man- 
agement, or to obtain an atrial electrogram whenever a 
stainless steel wire had been passed into the right atrium 
to identify cardiac rhythm more precisely. Blood urea ni- 
trogen and serum electrolyte levels were measured before 
the test. When hypokalemia (serum potassium less than 


*Upper limit of normal values: CPK 48, SGOT 33 and LDH 
231. 
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TABLE | 


Distribution of Performance of Acetyl Strophanthidin 
Tolerance Tests in Relation to Time After Admission to the: i 
Coronary Care Unit 








Time (hr) no. of Patients 
<24 26 
24-36 12 
37-48 8 
48-72 4 
>72 4 





3.6 mEq/liter) was detected, testing for digitalis tolerance 
was deferred in all but 1 patient. 

Acetyl strophanthidin*, 1 mg, was diluted in 20 ml of 
0.9 percent sodium chloride solution to a final concentra- 
tion of 0.05 mg/ml. Through a central venous line, rou- 
tinely inserted in all patients entering the coronary care 
unit, 0.2 mg (4.0 ml) of the drug was infused every 5 to 6 
minutes. Cumulative time was precisely kept with a Lab- 
Chron 1407 timer and correlated with events. The test 
procedure was completed (1) when a cumulative dose of 
1.0 mg had been infused over 20 to 24 minutes, or. (2) 
when symptoms and electrocardiographic changes indica- 
ted early digitalis intoxication. When these symptoms and 
signs were equivocally present, the next increment of ace- 
tyl strophanthidin was reduced to 0.05 or 0.1 mg and ob- 
servation continued until a more conclusive endpoint had 
been attained. 

The following symptoms suggested possible early digi- 
talis intoxication: a hot, flushed feeling; tingling of the 
lips, tongue or fingertips; a metallic taste in the mouth; 
nausea; and vomiting. Electrocardiographic signs of digi- 
talis overdose were classified as signs of atrial, junctional 
or ventricular arrhythmias and evolution of second or 
third degree heart block. When ventricular premature 
beats or other ectopic rhythms had been noted in the con- 
trol monitoring period, a progressive increase in their fre- 
quency during the acetyl strophanthidin test constituted 
evidence of incipient digitalis toxicity. If the increment in 
ventricular premature beat activity persisted for more 
than 1 minute, lidocaine, 50 mg, was infused intrave- 
nously. Second degree heart block with bradycardia was 
treated with atropine, 0.5 mg, given intravenously. Both 
lidocaine and atropine were drawn into plastic 5 ml syringes 
before the acetyl strophanthidin test and kept available 
at the patient’s bedside as a routine precaution in all pa- 
tients in the coronary care unit. 

Carotid sinus massage, not exceeding 3 seconds, was ap- 
plied prior to and upon completion of the acetyl strophan- 
thidin tolerance test when a toxic. endpoint had not al- 
ready been achieved. The purpose of this maneuver was to 
potentiate vagal tone. The ensuing bradycardia unmasked 
latent ventricular ectopic activity.? Predisposition to high 
grade atrioventricular block was also foreshadowed. 

Each acetyl strophanthidin tolerance test was conduc- 
ted with 2 physicians and a nurse in attendance. Blood 
pressure and pulse were measured by the nurse just before 
each increment of drug was infused. This information was 
entered in a flow sheet together with salient electrocardio- 
graphic data obtained from frequent, periodic recording 





*Supplied by Dr. G. C. Chiu, Eli Lilly Company, Indianapolis; 
ind. 
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INTRAATRIAL 


Figure 1. Unusual elevation of blood pressure level induced 
by acetyl strophanthidin (AS) in a 49 year old man with a large 
anterior wall infarction. After administration of only 0.4 mg, an 
increase in blood pressure of 80/25 mm Hg is observed. Bottom 
panels indicate presence of junctional rhythm as recorded from 
lead V; and aright atrial electrogram. 


of lead II or Vi. Sequential measurements of heart rate, 
P-R interval and the frequency and nature of rhythm dis- 
turbances could thus be compiled. 

Sensitivity to digitalis drugs was deemed to be present 
when major arrhythmia developed during the procedure or 
within 30 minutes after infusion of the full 1.0 mg dose. 
Included as manifestations of major arrhythmia was the 
development of atrial or junctional tachycardia, second 
degree or third degree atrioventricular (A-V) block, ven- 
tricular bigeminy or ventricular tachycardia. 


Results 


Forty-eight of the 54 patients (89.0 percent) re- 
ceived the full dose of 1.0 mg of acetyl strophanthi- 
din without exhibiting any untoward effects. In 6 pa- 
tients the test was interrupted because of various 
adverse reactions. In 1 patient with an extensive 
acute anterior wall myocardial infarction and junc- 
tional rhythm, a massive hypertensive response de- 
veloped after administration of 0.4 mg of acetyl stro- 
phanthidin (Fig. 1). The test was therefore discon- 
tinued. In a second patient with diaphragmatic in- 
farction and atrial flutter, advanced A-V block with 
reduction in ventricular rate to 47/min followed ad- 
ministration of 0.3 mg of acetyl strophanthidin. In a 
third patient with extensive anterior wall infarction 
and incomplete left bundle branch block, infusion of 
0.6 mg of acetyl strophanthidin resulted in an in- 
crease in serum potassium from 4.0 to 5.6 mEq/liter, 
with development of electrocardiographic evidence of 
hyperkalemia. In the fourth patient, 77 years of age, 
with massive anteroseptal infarction, A-V block de- 
veloped after infusion of 0.8 mg of acetyl strophan- 
thidin. In the 2 remaining patients ventricular pre- 
mature beats developed. 

Ventricular ectopic activity due to sensitivity to 
acetyl strophanthidin: Only 3 patients experi- 
enced ventricular ectopic activity as a result of infu- 
sion of acetyl strophanthidin, 2 before 1.0 mg had 
been administered and 1 after injection of the full 


dose. These 3 patients deserve to be considered in 
greater detail. 


Case 1. A 46 year old man demonstrated electrocardio- 
graphic changes of acute extensive anterior wall myocar- 
dial infarction. The following peak enzyme levels were re- 
corded: LDH 1,875, SGOT 195 and CPK 89. He had sinus 
tachycardia, a loud third gallop sound and pulmonary 
edema manifested on chest X-ray film. After 2 doses of 
0.2 mg of acetyl strophanthidin, the heart rate slowed 
from 132 to 125 min; however, 2 minutes after the second 
dose, 7 minutes after beginning the test, ventricular bi- 
geminy developed (Fig. 2). It was abolished within a few 
seconds with a 50 mg bolus injection of lidocaine. Because 
of this unusual response and the possibility that the ven- 
tricular ectopic activity was fortuitous, the test was re- 
peated 3 hours later. During the second test, the patient 
tolerated 0.6 mg of acetyl strophanthidin before ventricu- 
lar bigeminal rhythm recurred. Before these tests he had 
been receiving lidocaine because of multiple ventricular 
ectopic beats. Lidocaine infusion had been stopped about 
60 minutes before the first test and 90 minutes before the 
second. A third acetyl strophanthidin tolerance test was 
performed 24 hours later because of increasing pulmonary 
congestion not responding to diuretic drugs. This time the 
patient tolerated 1.0 mg and exhibited a salutary re- 
sponse. Heart rate slowed from 108 to 85/min, the third 
gallop sound disappeared and pulmonary rales dimin- 
ished. He received ouabain, 0.8 mg, during the ensuing 
day, and the heart failure was completely controlled. 


Case 2. A 75 year old woman was admitted with acute 
anterior myocardial infarction and pulmonary congestion. 
Serum enzymes reached the following levels: LDH 415, 
SGOT 200 and CPK 32. After infusion of 0.6 mg of acetyl 
strophanthidin, the P-R interval lengthened from 0.18 to 
0.24 second. After an additional 0.1 mg heart rate in- 
creased from 120 to 130/min. At the same time nausea 
and vomiting developed, and the patient experienced a 30 
second episode of ventricular bigeminy. At the time of the 
tolerance test she had been hypokalemic with a serum po- 
tassium level of 3.3 mEq/liter. Because of the severity of 
congestive heart failure, the test was not delayed. Within 
24 hours, despite potassium chloride supplementation, ad- 
ministration of diuretic agents and other measures, the 
pulmonary congestion increased further; intractable shock 
developed, with death occurring in asystole. 








LEAD II 















































i i 
Figure 2. Case 1. Digitalis intolerance in a 46 year old man 
with anterior wall myocardial infarction. Acetyl strophanthidin 
(AS) testing was performed within 6 hours of inception of chest 
pain. Ventricular ectopic activity is observed after only 0.4 mg 
has been given. The next day the patient was able to tolerate 
digitalis. See text for details. 
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Case 3. A 56 year old woman sustained a transmural 
diaphragmatic and posterolateral myocardial infarction 7 
hours before the acetyl strophanthidin tolerance test. 
Peak serum enzyme values were LDH 1123, SGOT 408 
and CPK 376. Because of pulmonary edema, the test was 
carried out. She tolerated 1.0 mg over 24 minutes. Six 
minutes later a couplet of ventricular premature beats oc- 
curred, and shortly thereafter she had nausea and vomit- 
ing; 10 beat ventricular tachycardia followed. After ad- 
ministration of lidocaine, 50 mg, there was no further re- 
currence of ectopic activity. 

Thus, only 3 (6.0 percent) of 48 patients who re- 
ceived acetyl strophanthidin showed a response con- 
sistent with unusual sensitivity to cardiac glycosides. 
In 1 of these, hypokalemia rather than the infarction 
may have accounted for the reduced acetyl strophan- 
thidin tolerance. Whereas in the second case the dis- 
continuation of lidocaine may have favored the emer- 
gence of ventricular ectopic activity, a number of 
factors suggest that genuine acetyl strophanthidin 
sensitivity was the cause for the arrhythmia: Ven- 
tricular premature beats were not observed during 
an hour period of monitoring before the test; ventric- 
ular premature beats developed during 2 separate 
tests spaced 3 hours apart; the evoked ectopic pat- 
tern was bigeminal, whereas only isolated ventricular 
premature beats occurred spontaneously. Digitalis 
sensitivity was of limited duration, lasting less than 
1 day; within 24 hours a full dose of acetyl strophan- 
thidin was given without side effects. 

No serious adverse reactions were observed in the 
remainder of the 48 patients who received a dose of 
1.0 mg of acetyl strophanthidin. In 4 patients nausea 
and vomiting developed within 5 to 25 minutes after 
completion of the test. Although 4 patients had first 
degree A-V block, higher grades of block did not de- 
velop with acetyl strophanthidin infusion. Atrial or 
junctional tachyarrhythmias did not emerge. There 
was no enhancement in carotid sinus sensitivity after 
the administration of acetyl strophanthidin, except 
in the 1 patient with atrial flutter. In 3 patients atrial 
fibrillation reverted to sinus rhythm during the 
acetyl strophanthidin tolerance test, and in 4 pa- 





Figure 3. Conversion of atrial tachyarrhythmia to sinus rhythm 
by acetyl strophanthidin (AS). After administration of 1.4 mg of 
the drug, artrial flutter-fibrillation is exposed (middle panel). An 
additional dose of acetyl strophanthidin (bottom panel) results in 
sinus rhythm. See text for details. 
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Figure 4. Unusual change in blood pressure during acetyl 
strophanthidin testing in a 78 year old woman with a large 
anteroseptal myocardial infarction. During control period (lefi 
panel) blood pressure is 144/48 during sinus rhythm. After ad- 
ministration of acetyl strophanthidin, 1.0 mg (right panel), blooc 
pressure is 186/58. Marked increase in systolic pressure is as- 
sociated with the appearance of a few ventricular extrasystoles, 
as seen from 2 large vertical spikes in trend record (lower 
right). 





tients, frequent ventricular premature beats were 
abolished. 

Hemodynamic observations: The primary intent 
of this study was to assess the safety of digitalis 
drugs in the early stages of acute myocardial infarc- 
tion. Although deliberate hemodynamic measure- 
ments were not carried out, a number of observa- 
tions deserve comment. Heart rate slowing of greater 
than 10 beats/min occurred in 20 of the 56 subjects 
as a result of the acetyl strophanthidin tolerance 
test. In 1 patient of this subgroup the ventricular 
rate was reduced by 100 beats/min. This patient was 
seen within 4 hours after onset of an extensive ante- 
rior wall transmural infarction. Upon arrival in the 
coronary care unit he had atrial flutter with a ven- 
tricular rate of 190/min. He was the only subject in 
the present study who was given a dose of acetyl 
strophanthidin in excess of 1.0 mg. After 1.6 mg of 
acetyl strophanthidin the flutter reverted to atrial 
fibrillation and sinus rhythm promptly resumed (Fig. 
3). He experienced no untoward effects from the large 
dose of acetyl strophanthidin. 

An increase in blood pressure after administration 
of acetyl strophanthidin was observed in 32 (59.3 
percent) of the 54 patients (Fig. 4). An increase in 
systolic pressure exceeding 20 mm Hg was noted in 
16 patients; in 2 instances it was greater than 40 and 
in 1 patient 60 mm Hg. Lessening of left ventricular 
failure, manifested by either disappearance of third 
sound gallop or diminution or complete clearing 
of pulmonary rales, was noted in 16 patients. In 2 
patients with pulmonary edema, the condition 
cleared entirely during the brief duration of the test. 
In 12 patients the S-T segment elevation decreased 
by more than 2 mm (Fig. 5); in 2 others the current 
of injury was worsened by the acetyl strophanthidin. 
In none of these cases did angina pectoris develop 
during the test. 
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Figure 5. Reduction of $-T segment alavai by seat: stro- 
phanthidin in a 77 year old woman with pulmonary edema and 
shock caused by massive myocardial infarction. After infusion of 
0:8 mg of the drug (right panel), S-T elevation is reduced from 
4 to 2 mm in lead V4. 


Discussion 


> Sixty years have now elapsed since Herrick’s clas- 
sic description?® of the clinical syndrome of acute 
myocardial infarction. From the very outset, acute 
left ventricular failure had been recognized as a com- 
mon early complication of this affliction. Yet the use 
of digitalis, honored for nearly 2 centuries as the 
drug of choice for treating cardiac decompensation, 
remains controversial and ill-defined when heart fail- 
ure is provoked by acute myocardial infarction. Still 
uncertain is whether digitalis can benefit all patients 
in whom left ventricular failure is precipitated by in- 
farction. Still more uncertain is whether digitalis is 
hazardous when used in treating this condition. A 
prevalent view is that the injured myocardium is 
highly susceptible.to the toxic potential of the glyco- 
side drugs, even when they are employed in thera- 
peutic dosage. The basis for this viewpoint derives 
from a number of animal experiments. 

Previous experimental studies: Bellet et al. in 
1934 infused tincture of digitalis to a lethal endpoint. 
Only a small number of dogs were studied at various 
time intervals after coronary arterial ligation. No 
change was observed when digitalis was adminis- 
tered within 30 to 45 minutes after occlusion. How- 
ever, the lethal dose was reduced by about 20 to 30 
percent when the infusion was carried out 4 days 
later. Confirmation of these findings in cats by Tra- 





vel! and co-workers? promoted wide acceptance of 
the view that myocardial infarction enhances the 
toxic properties of the digitalis glycosides. Recently, 
Hood et al.3 found a 24 percent reduction in the 
toxic dose of acetyl strophanthidin 3 to 4 days after 
ligation of the left anterior descending coronary ar- 
tery. The most exacting study to determine change 
in toxic threshold to digitalis drugs following coro- 
nary occlusion was that of Morris et al.* Constriction 
of the left circumflex coronary artery in the con- 
scious unanesthetized pig reduced the dose of acetyl 
strophanthidin necessary to produce ventricular 
tachycardia by 32 percent, from 2.2 to 1.5 mg. Dura- 
tion of the toxic state was doubled. This change was 
most striking 24 hours after placement of an ameroid 
constrictor. No relation was discernible between the | 
extent of myocardial infarction and reduction in the 
toxic dose of acetyl strophanthidin. An unusual re- 
sult was reported by Aldinger,!! employing a study 
of different design. Pretreating animals with about 
half the lethal dose of digoxin significantly reduced 
the incidence of ventricular fibrillation within 30 
minutes after coronary arterial occlusion. 

Although these investigations indicate that myo- 
cardial infarction enhances susceptibility to the toxic 
potential of the digitalis glycosides, they have but 
limited relevance to the clinical situation. Even in 
the carefully controlled studies of Morris et al.,4 
large doses were tolerated by the pig after sizable in- 
faretion. If one assumes that pig and human hearts 
show similar susceptibility and relates the dose to 
bocy weight, the amount of acetyl strophanthidin 
given to man would have approximated 7.5 mg. As 
emphasized by Constant,® the clinician is concerned 
with effects of a digitalis dose in the therapeutic 
range, rather than the largest dose that can be ad- 
ministered without major adverse reactions. 

Previous clinical studies: Since animal glyco- 
side requirements are difficult to compare to human 
needs, the question of digitalis tolerance after myo- 
cardial infarction requires clinical . investigation. 
However, studies to date have been aptly described 
by Selzer® and Constant® as largely anecdotal, con- 
sisting of unsupported opinions and unwarranted 
speculations. Askey and Neurath?*-13 examined the 
effects of digitalis drugs in patients with myocardial 
infarction complicated by atrial fibrillation. Al- 
though there was no increase in fatal arrhythmias 
ascribable to digitalis, mortality was 93 percent, and 
they concluded that glycoside drugs were not indi- 
cated in this clinical setting. A prospective study was 
later conducted by Askey!* in 100 consecutive pa- 
tients with. myocardial infarction uncomplicated by 
heart failure. Alternate patients were given digitoxin 
in 3 increments of 0.2 mg daily. Mortality was not 
statistically different between the 2 groups. Ventric- 
ular ectopic activity was reported to be less frequent 
in the digitalized patients. This conclusion was 
based on the findings of cardiac auscultation carried 
out for 1 minute daily. 

Sanzaro!5 administered deslanoside intravenously 
to 19 patients with acute myocardial infarction. The 
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initial dose ranged from 0.6 to 1.6 mg, and the total 
dose in the first 24 hours ranged from 1.2 to 2.4 mg. 
Thirteen patients had either left ventricular failure 
or cardiogenic shock. Improvement was described in 
11 of 19 subjects. There were 4 deaths, none ascribed 
to digitalis. Malcrona and co-workers!® gave 0.8 
mg of lanatoside C intravenously to 10 patients with 
acute myocardial infarction uncomplicated by heart 
failure. No arrhythmias were evoked by this small 
dose. Similar results were reported by others.17:18 In 
< a number of clinical trials the mortality rate of myo- 
ardial infarction patients given various digitalis 
drugs was compared with that in control groups.19-24 
o increase in mortality was observed. Recently, in a 
ge. clinical study,2> where electrocardiographic 
\onitoring was carried out, rapid digitalization of 
l patients with acute transmural infarction did not 
cause significant arrhythmia. 
“These clinical studies are largely unpersuasive. In 
the majority the dose was inadequate for optimal 
‘therapeutic effect. Digitalization was generally 
achieved after the first 48 hours following onset of 
myocardial infarction. Systematic monitoring for ar- 
< rhythmias was either not done or only cursorily per- 
formed. Studies evaluating incidence of adverse 
L a reactions lacked suitable controls. 


Present study: In the present study, patients 
s o with acute myocardial infarction were subjected to a 
careful titration with acetyl strophanthidin. The 
brief. latency of peak acetyl strophanthidin effect 
pressed the total digitalization time and facili- 
identification of drug-related toxicity. Digitalis 
ivity was defined rigorously as the development 
verse reactions before completing administra- 
tion of 1.01 mg of acetyl strophanthidin or occurrence 
of major arrhythmia after this dose had been in- 
fused. Only 7 (13 percent) of the 54 can be judged to 
have shown a toxic response to digitalis. 
In 1 patient, who probably sustained atrial infarc- 
tion, remarkable bradycardia developed after a small 
increment of drug. In a second patient, having a bi- 
-zarre syndrome of persistent junctional rhythm, semi- 
stupor, oliguria, marked rise in serum enzyme levels 
and right heart failure, the test was discontinued be- 
cause of a striking increase in systemic blood pres- 
sure. In a third patient in whom cardiogenic shock 
developed concurrent with performance of the acetyl 
strophanthidin tolerance test, right bundle branch 
block and electrocardiographic changes of hyper- 
kalemia resulted. It is likely that these changes were 
induced by acetyl strophanthidin, since they devel- 
oped rapidly during the brief period of drug adminis- 
tration. That digitalis can induce clinically. signifi- 
cant hyperkalemia has been shown experimentally26. 
and has been observed clinically.27-28 In a fourth pa- 
tient, first degree A-V. block ensued before the full 
dose of acetyl strophanthidin was administered. 
Only 3 patients exhibited ventricular irritability as 
a response to acetyl strophanthidin administration; 
however, in 1 of these patients hypokalemia may 
have been the critical factor. Thus, only 2 (4 per- 
cent) of 53 patients demonstrated ventricular ectopic 
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activity and digitalis drug sensitivity presumably re- 
sulting from the myocardial infarction. It may be 
concluded that acute myocardial infarction, even 
when accompanied by significant compromise of car- 
diac function, does not in most cases sensitize the 
heart to the toxic properties of the digitalis glyco- 
sides when these drugs are used in doses in the 
therapeutic range. 

Before this conclusion can be accepted, 2 key 
questions need to be answered: (1) Can the experi- 
ence with acetyl strophanthidin be generalized to 
that of the commonly used cardiac glycosides? (2) If 
it can, how much does 1.0 mg of acety! strophanthi- 
din represent when translated to doses of digitalis 
drugs used for therapeutic effect? 

Comparison of acetyl strophanthidin with other 
cardiac glycosides: Acetyl strophanthidin is a syn- 
thetic ester of the cardiac aglycone strophanthidin, 
with inotropic and electrophysiologic properties sim- 
ilar to those of digitalis glycosides.2% 4 Lown and 
Levine? demonstrated that when ouabain was given 
to an experimental animal, the dose of acetyl stro- 
phanthidin required for a toxic endpoint was reduced 
in an amount equivalent to that of the dose of ad- 
ministered ouabain. One could therefore use acetyl 
strophanthidin to predict the degree of digitalization 
with ouabain, and these findings constituted the 
basis of the acetyl strophanthidin tolerance test. Re- 
cently Hagemeijer and co-workers*® found that the 
electrophysiologic properties of digoxin and acetyl 
strophanthidin were additive when these 2 agents 
were infused directly into the dog’s coronary circula- 
tion. Barr and Klein and co-workers3?:38 demon- 
strated that in dogs and patients receiving digoxin, 
the dose of acetyl strophanthidin necessary for a 
minimal toxic endpoint correlated inversely with the 
serum digoxin level as measured by radioimmunoas- 
say techniques. These experimental and clinical 
findings indicate that the response to acetyl stro- 
phanthidin is not different from that obtained from 
the commonly used cardiac glycosides. Indeed, over 
the past 4 years in 375 acetyl strophanthidin toler- 
ance tests the dose that a patient tolerated predicted 
accurately the amount of additional digitalis which 
could be administered safely (Lown, personal obser- 
vations). 

It may be argued that the 1.0 mg of acetyl stro- 
phanthidin used in these studies represents a sub- 
therapeutic dose, thereby accounting for the low inci- 


‘dence of toxicity. In the experimental animal, about 


50 ug/kg (approximately 1.0 mg of acetyl strophan- 
thidin to a 20 kg dog) will provoke ventricular tachy- 
cardia. When. digoxin is injected intravenously into 
the same animal to this endpoint of ventricular 
tachycardia, the serum concentration at the time of 
complete tissue equilibration is 12.9 ng/ml.%9 This is 
about 10 times greater than the level for optimal 
therapeutic effect in man. The 1.0 mg dose of acetyl 
strophanthidin used in the present clinical study (on 
a weight basis about 15 ug/kg) represents about 30 
percent of the toxic dose for dogs. It seems reason- 
able to surmise that, were a dose of digoxin equivalent 
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to 1.0 mg of acetyl strophanthidin given rapidly in- 
travenously, the resulting serum concentration would 
be greater than 2.0 ng/ml—regarded as potentially 
within the toxic range.*° 

The experimental observations of Roberge et al.‘ 
are relevant to this discussion. They found that 
when acetyl strophanthidin, ouabain and digoxin 
were administered directly into a chronically cannu- 
lated coronary artery, at similar infusion rates, the 
relation among the doses required to produced ven- 
tricular tachycardia was a function of their respec- 
tive molecular. weights. Thus, it required on a weight 
basis 40 percent more ouabain or digoxin than acetyl 
strophanthidin to produce a similar endpoint. 
Namely, in these experiments 1.6 mg of ouabain was 
equivalent to 1.0 mg of acetyl strophanthidin. Simi- 
lar observations were noted by Hagemeijer et al.4? 
when the drug was given into a- peripheral vein and 
the heart rate was kept constant by pacing. 

Therapeutic implications: Clinical experience in 
the coronary care unit*? has indicated that 0.6 to 0.9 
mg of ouabain administered in a 24 hour period con- 


stitutes a therapeutic dose. If the previous dosage 
calculations in animals are applicable to man, the 
equivalent therapeutic dose of acetyl strophanthidin 
would range from 0.4 to 0.6 mg. An additional factor 
needs to be considered. The acetyl strophanthidin is 
administered over. 25 minutes, whereas the ouabain 
is given in small increments over 24 hours. Since 
the half-time of dissipation for ouabain has been vari- 
ably reported as 5 to 20 hours**-45 at any one time 
only a fraction of the total daily dose is pharmaco- 
logically active. These considerations suggest that 1.0 
mg of acetyl strophanthidin given over a brief time 
interval represents a large dose of digitalis seldom 
exceeded for therapeutic effect. One may therefore 
conclude that the majority of patients with acute — 
myocardial infarction are not unusually sensitive to 
even large doses of digitalis drugs. In the minority of 
subjects who manifest arrhythmias thought to be 

caused by digitalis or in whom altered renal function 

changes metabolism and excretion of these drugs, 

the acetyl strophanthidin tolerance test can provide 

sound guidelines in formulating glycoside dosage. = 
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of prosthetic valves is emphasized. 


The incidence of acute valvular malfunction of prosthetic heart. 
valves has been increasing. Mechanical failure is usually due to 
changes of the poppets or thrombosis of the valve. Thrombosis of : 
the valve limits the poppet movement, thus causing dysfunction. — 
Thrombosis has been noted in essentially all types of prosthetic: 


valves. Changes in the poppet include ball variance, disc variance 2 


and wearing of the poppet. Abnormalities of the. poppet have been 


detected in the Starr-Edwards, SCDK-Cutter, Smeloff-Cutter, Magov- - : 


ern-Cromie, Hufnagel, and Wada-Cutter aortic and mitral valves, as . 
well as the Cross-Jones, Kay-Shiley, Kay-Suzuki, Beall-Surgitool, © 
Hammersmith and Cape Town mitral valves. The present report re- 
views the clinical and diagnostic problems of mechanical malfunc- 
tion of prosthetic valves. a 25 






reoperation or autepsy. . i 
The present review summarizes the clinical and diagn 
lems of mechanical malfunction of various prosthetic valves. The im- 
portance of careful documentation of the durability of implanted ~ 
materials and establishing the incidence of mechanical malfunction _ 


Limitations of In Vitro Testing : 


Mechanical malfunction may be related to changes in the valve 
from wear, absorption of substances from the body, thrombus or a 


- combination of these factors. Extracorporeal testing may determine 
_ the wear characteristics of a normally functioning valve. However, 
after insertion into the human body, the poppet can show changes 

. and malfunction much earlier than anticipated by in vitro test if 

_ lipid or other substances are absorbed* + or thrombus limits the mo- 


tion of the poppet.14-15. : a 
Aortic Ball Variance | 


4 Ball variance may be defined as mechanical dysfunction resulting 
“from physical and chemical alterations in the silastic poppets in car- 


diac valve prostheses. One of the frightening features of aortic ball 
variance is its frequent clinical silence until sudden catastrophe oc- 
curs. 8:16-25 
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Incidence 


Over 200 cases of aortic ball variance have been 
". reported.8-26-31 Acute mechanical dysfunction of the 
silicone poppets of aortic valve prostheses has been 


detected with the model 10008-16-26.30-69 and 1200 


. Starr-Edwards, 30:31 Magovern-Cromie, 36-60 ,70-74 
 SCDK-Cutter,27-29 63.78.79 Smeloff-Cutter27-29 and 
-Harken®° valves. 

The changing incidence of ball variance has been 
recently documented and is not generally appreciat- 
ed.18.69 Although the reported incidence of ball vari- 
ance is as high as 75 percent in patients operated on 
before 1965,22 the incidence of ball variance in pa- 
tients operated on since then is much lower.81-86 
This finding is related to increased durability of the 
silicone rubber18-89 and to changes in the design and 
production of the valves. The latter include the 
method for sizing the ball in the Smeloff-Cutter 
valve?® and the basic valve design in the Starr-Ed- 


. wards model 1200 and 1260 valves. A low incidence 
_. of ball variance in the model 1200 and 1260 Starr- 
© =- Edwards and present model Smeloff-Cutter valves 
has been reported. 29-31 


Pathogenesis 
In general, 2 types of changes of the poppet have 


-< been noted: lipid infiltration8?-89 and surface abra- 


‘sion.??.31 Lipid infiltration is associated with micro- 
scopic disruptions of the lattice structure of the sili- 
cone rubber, lipid lakes, increased weight, size and 
wearing, embolization of poppet material or thrombi 
from the poppet, and abnormal movement of the 
poppet due to impingement (sticking).8 

Abrasion injury includes surface damage and loss 
of weight of the poppet, frequently without signifi- 
cant lipid infiltration. Abrasion injury is uncommon 
with ball valves, although 4 cases have been noted 
with the Starr-Edwards model 1200 valve.8.31 

Abnormalities of implantation have been implicat- 
_ ed in ball variance by increasing the stress of the 
‘poppet.58-91.92 These include major leaks around the 
- prosthesis, misalignment of the prosthesis with re- 
spect to the aortic axis, narrow aortic root and mis- 
placed sutures. Intrusion of the wall of the aorta, the 
cloth sewing ring or thrombus into the ball pathway 
has also been implicated. 


Diagnosis 


Absence of the aortic opening sound by ausculta- 
tion is pathognomonic of ball variance and has been 
associated with marked changes in the phonocardi- 
ogram, sound spectrogram and octave band noise 
analyzer.2°22.93 The phonocardiogram typically 
shows a decrease in the intensity of the aortic open- 
ing sound as compared with the aortic closure sound 
(low AO/AC ratio). These findings have been docu- 
mented with the Starr-Edwards model 1000, Magov- 
ern-Cromie, SCDK-Cutter, and Smeloff-Cutter aor- 
tic valves 20.22.47 ,56-59,71 

The lack of standardization of the AO/AC ratio 
has caused confusion and conflicting results with 
phonocardiographic techniques.4°-91,95-99 From the 
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beginning it has been stressed that variations in the 
AO/AC ratio with microphones and phonocardio- 
graphs with different frequency responses are antici- 
pated.?° Although an AO/AC ratio consistently 
below 0.50 has been considered diagnostic of ball 
variance, this criterion of abnormality does not nec- 
essarily apply to other phonocardiographic equip- 
ment.*.20 The abnormal range for AO/AC ratio for 
any individual phonocardiographic system must be 
determined in patients having documented ball vari- 
ance either by reoperation or autopsy.2° The correla- 
tion between ball variance and phonocardiographic 
findings is only satisfactory when the AQ/AC ratio is 
properly standardized.8-18-22,100 

Although embolic complications of aortic ball var- 
iance have been previously noted,2?-33.37 the fre- 
quent association of late emboli with ball variance is 
not generally appreciated.*1-1°1 An increased inci- 
dence of late thromboembolic complications has 
been observed with both aortic and mitral ball vari- 
ance.22 Emboli are usually related to thrombus for 
mation within a cracked ball. 

Several authors have reported the late onset of 
aortic regurgitation in association with aortic ball 
variance.§.18-22.34 Although this is a helpful sign in 
the diagnosis of ball variance, it is an uncommon 
finding.?2 

Shortened red cell survival of varying degree isa 
common complication of prosthetic valve replace- 
ment.104 The late onset or exacerbation of severe he- 
molysis is frequently associated with ball vari- 
ance?0.22,37.60,105 and may be the only sign of pop- 
pet deterioration.1°6 The hemolytic anemia is usual- 
ly associated with an abnormal aortic opening 
sound, 20.22 

Cracking or lipid lakes within the poppet may be 
detected by radiographs in those patients who have 
barium-impregnated silicone poppets.19:°7 The in- 
creasing number of valves implanted with barium 
impregnation makes this technique more applicable 
to the diagnosis of ball variance. 4 

Ultrasound recordings (echocardiograms) can de- 
tect changes in the size and motion of the poppet. 108 
Four of 6 reported cases of ball variance in the model 
1200 Starr-Edwards valve have had a decrease in the 
diameter of the poppet.#! In two cases the ball was. 
so small that it passed through the orifice into the 
ventricle and caused death. Since a decrease in the 
size of the poppet is not detected by phonocardio- 
graphic techniques, screening patients with ultra- 
sound is of increasing importance.® 

A high incidence of sudden episodes of severe an-. 
gina, syncope and hypotension has been reported in 
cases of SCDK-Cutter aortic ball variance before 
death. The triad is frequently associated with acute 
myocardial infarction.®7-79 In view of these findings 
and an absence or decrease in the aortic opening 
sound, surgical correction should be undertaken. If 
myocardial infarction has occurred, the decision to 
reoperate is more difficult. However, the prognosis 
without surgical intervention is poor.®3:79 Screening — 
patients with phonocardiograms should avert acute 
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malfunction of this type and allow reoperation before 
myocardial infarction and death. 

The diagnosis of aortic ball variance remains diffi- 
cult because most of the symptoms and signs of the 
syndrome are not specific and many patients are 
asymptomatic. Complete absence of the aortic open- 
ing sound, which is pathognomonic for aortic ball 
variance occurred in only 25 percent of patients.®-22 
The symptoms of ball variance include fatigue, dys- 
pnea on exertion, palpitations, dizzy spells, angina 
and syncopal episodes. The diagnosis of aortic ball 
variance is based on the absence of the aortic open- 
ing sound, late onset of aertic regurgitation, emboli 
or hemolysis with anemia. Other diagnostic tech- 
niques including radiographic evidence of an abnor- 
mal barium-impregnated poppet, abnormal motion 
or size of the poppet by ultrasound recordings, and 
changes in the opening sound noted by phonocardi- 
ography, sound spectrography or octave band noise 
analyzer. 

Aortic Ball Valve Thrombosis 


Thrombosis of a prosthetic valve usually includes 
limited motion of the poppet or other moving parts 
by thrombus, pannus or endothelium, resulting in 
mechanical failure. Thrombosis of aortic ball valves 
is uncommon and may be related to discontinuation 
of anticoagulant therapy.5*-102.103 The clinical find- 
ings are similar to those of ball variance, including 
phonocardiographic changes,?° and may be misinter- 

“preted as caused by ball variance. However, if me- 

chanical malfunction of the valve is present, surgical 
intervention is indicated fer either ball variance or 
thrombosis. 

Recently, acute valve dysfunction due to thickened 
endothelium on the struts has been reported with 
cloth-covered valves. The poppet sticks in the open 
position because the thickened endothelium prevents 
closure. This has been primarily a problem with the 

‘close clearance modification of the model 2310 Starr- 
Edwards aortic valves.#1:19 All patients with this 
modified valve should be followed up closely. How- 
ever, in any cloth-covered valve thickened endothe- 
lium may develop, and parcxysms of severe aortic in- 
“competence may occur before permanent malfunc- 
‘tion of the valve and death. 


Mitral Ball Variance 
_ Incidence 


- Valve dysfunction due te changes in the silicone 
rubber have been noted in mitral ball valves. Ball 
variance occurs less frequently in the model 6000 
- Starr-Edwards mitral valve (6 reported cases) than 
-in the model 1000 aortic valves (nearly 200 reported 
cases) .22.30,31,110-113 The reverse is true in the Sme- 
loff-Cutter valves; ball variance has been reported 
more frequently in the mitral valves (13 reported 
cases compared with 5 cases in aortic 
valves) .27-29.78.114-117 Three cases of ball variance 
have been reported in the Magovern-Cromie mitral 
valve.118.119 Fracture of the mitral ball has been re- 
ported in 3 cases of the Starr-Edwards model 60001)? 
and 1 case of the Magovern-Cromie valve. 18 


The long-term incidence of mitral ball variance re- 
mains to be established. However, mitral ball vari- 
ance has not been reported in the Starr-Edwards 
model 6120, which has been in use for 66 months, 34 
or in the present (1966) model of the Smeloff-Cutter 
medel, used for 52 months.29 The increased durabili- 
ty of the silicone rubber is likely to delay the prob- 
lem of ball variance in the present valves. 1% 


Pathogenesis 


The SCDK-Cutter and Smeloff-Cutter mitral 
valves are particularly vulnerable to problems of 
lipid absorption and poppet swelling. Clearance of 
only 0.003 to 0.005 inch is allowed between the pop- 
pet and the annulus to avert excessive regurgita- 
tion.120 This means that swelling of 0.006 inch caus- 
es sticking in all SCDK-Cutter and Smeloff-Cutter 
valves. Therefore, a small increase in the diameter of 
the ball due to swelling, which would be of little or 
no significance in the Starr-Edwards prosthesis, can 
produce serious valve dysfunction since the ball will 
impact in the inflow orifice, 91.120.121 

As alluded to previously, the shortest inner diame- 
ter of the SCDK-Cutter and Smeloff-Cutter valves is 
that of the inflow orifice. On the other hand, the 
narrowest diameter in the Starr-Edwards and Mago- 
vern-Cromie valves occurs at the apex of the cage. 
Therefore, a swollen ball will first start to stick in 
the inflow orifice of the Cutter valves and at the 
apex of the Starr-Edwards and Magovern-Cromie 
valves. This accounts for the difference in clinical 
findings. 


Diagnosis 


The patient with mitral ball dysfunction, in con- 
trast to aortic ball variance, is usually symptomatic 
and has signs of heart failure, particularly pulmo- 
nary congestion or emboli.118:119 Symptoms associ- 
ated with mitral ball variance are syncopal episodes, 
dizzy spells, fatigue, hemoptysis, chest pain, dys-: 
pnea, orthopnea, ankle swelling and palpita- 
tion. 79,111,119 122 

The typical physical findings with the SCDK-Cut- 
ter and Smeloff-Cutter mitral valves are a fluctuat- 
ing pulse volume and arterial pulse.!?? The pulse 
and opening click are absent for several beats when 
the ball impacts in the inflow orifice. An increase in 
the mitral opening sound, indicating an increase in 
the unseating pressure, has been reported by San- 
derson et al, 122 Since the ball sticks in the inflow ori- 
fice, the interval between second heart sound and 
opening click is delayed and varies in duration.*? 

The diagnostic criterion of mitral valve obstruc- 
tion with the Cutter valves is a delay in the average 
interval between the aortic component of the second 
heart sound and opening click interval in excess of 
0.14 second7® due to impaction of the ball in the in- 
flow orifice. Other phonocardiographic findings in- 
clude intermittent opening click and varying intensi- 
ty of the mitral closing sound. Increased left atrial 
pressure and reduced cardiac output have been 
noted, 79-116 122 
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Findings of pulmonary congestion and emboli have 
also been noted with the Starr-Edwards model 6000 


o and Magovern-Cromie valves. However, the hall- 


‘mark of ball variance with these prostheses is a di- 


o <: minished opening sound by auscultation and phono- 


--eardiography, which may be noted before the onset 
of acute pulmonary edema.141-119 A low mitral open- 
ing to mitral closure sound ratio (MO/MC) may be 
helpful in the diagnosis but has not been measured 


in the few cases reported. With severe sticking of the 


ball at the apex, a loud systolic murmur has also 
been noted.311 

With any of the mitral ball valves, severe sticking 
may cause dizzy spells, syncope and intermittent ab- 
sence of the prosthetic sounds. These may be re- 
ported by the patient or recorded phonocardio- 
graphically and indicate mechanical malfunction 
usually due to ball variance.119 

A decrease or absence of prosthetic sounds or a 
varying interval between the aortic closing sound to 
mitral opening click is not diagnostic of poppet dete- 


-= rioration because these findings are also noted in 


thrombotic obstruction.123 However, surgical inter- 


- vention is indicated in either case. 


Mitral Ball Valve Thrombosis 


The reported incidence of mitral ball valve throm- 
< bosis is greater than that of mitral variance or aortic 
valve thrombosis.55:193,123-189 Acute thrombosis of 
the left atrium and the prosthetic valve in the early 
postoperative period is an uncommon but fatal com- 
plication of mitral valve replacement.124:133 It may 
be associated with reduced cardiac output 
 postoperatively.153 Late thrombosis193,123,125,126, 
„129-131 ,133,134,136,137 with mechanical malfunction 
-often is accompanied by endocarditis126.127.130,132, 
134,187 or occurs with discontinuation of anticoagulant 
1 therapy.129 

- The model 6000 Starr-Edwards mitral prosthesis 


a has a large metallic surface exposed in the orifice of 


the valve.21 Thrombi on this valve commonly grow 
from the sewing ring over the lumen and tend either 
to narrow the orifice progressively or to extend across 
it as a flap, thus producing obstruction.» The 
thrombus may not limit ball motion.5> However, 
thrombus involving the struts and interventricular 
septum with limited poppet motion is common. 55:127 


Diagnosis 


Clinical findings of prosthetic obstruction usually 
‘include pulmonary edema, tachycardia and hypoten- 
sion. The most important sign is absence of the 
opening sound of the prosthesis®1:125 similar to that 
noted in mitral ball variance.111 As noted, the find- 
ings of mitral ball variance and thrombosis are simi- 
lar, and the differential diagnosis can usually be 
made only by reoperation or at autopsy. Delay in 
opening of the prosthesis has been noted in 1 fatal 
thrombosis of a Starr-Edwards model 6300 cloth- 
‘covered valve!28 with prolongation to 0.20 second of 
the interval between the aortic component of the 
second sound and mitral opening click. 
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Despite appropriate antibiotic treatment, throm- 
bosis of the prosthesis may develop in patients with 
mitral valve prostheses who have endocarditis. Such 
patients should be examined daily for a decrease in. 
the intensity of the opening sound in order to avert a 
fatal outcome.126.127 

Four fatal cases of mechanical malfunction by en- 
gagement of the ventricular myocardium by the open 
strut of the Smeloff-Cutter mitral prosthesis have 
been reported.14°-141 The engagement of the myocar- 
dium by a strut limits the opening of the ball. A. 
short apical diastolic rumble, decreased opening 
sound, and reduced cardiac output have been 
noted.140 All deaths have occurred in the first 2 
weeks postoperatively. Studies such as phonocardi- 
ography, fluoroscopy and left heart catheterization 
with angiography should be helpful in the antemor- 
tem diagnosis of mechanical malfunction, Although 
findings similar to those of thrombotic obstruction of 
‘the valve are anticipated, surgical intervention is 
again indicated in either case. ~ j 


Tricuspid Ball Valve Thrombosis 


A clinical syndrome due to tricuspid ball valve 
thrombosis has recently been described. 142 Although 
the patient may be asymptomatic, signs of conges- 
tive heart failure with increased jugular venous pres- 
sure, hepatomegaly, and pedal edema were usually 
present. A characteristic high-pitched tricuspid dias- 
tolic murmur was noted in all 5 cases.142 Absent 
opening click may be noted.142 Hemodynamic stud- 
ies show increased right atrial pressure and transval- 
vular gradient.142 Tricuspid ball variance has not: 
been reported. 


Disc Variance 


Concern for the ultimate longevity of low profile 
valves with disc poppets is based on both in vitro 
and in vivo data.1*1 In. general, lens wear. is. more 
rapid and less evenly distributed than ball wear 
under comparable stress situations.*'121. A lens 
tends to rotate less and strikes the frame harder dur- 
ing each cycle.121 When opening or closing, the disc 
frequently does not stay perpendicular to the central. 
axis. This increases the stress on the edge of the dise 
and the strut. Wearing of both the disc and struts. 
has been noted, 144-147 


Incidence 


Abnormalities in the disc mitral valves 
have been detected in the Hufnagel, 148.149 
Kay-Shiley, 14:15 .150,151 Kay-Suzuki,452— Cross- 
Jones, 148.153.154 Beall-Surgitool, 147-155-156 Hammer- 
smith457 and Starr-Edwards model 6500 valves. 
Cocking of the disc has been reported in all but the 
Beall-Surgitool and Starr-Edwards valves. 


Pathogenesis 


Mechanical malfunction related to the disc poppet. 
of prosthetic valves differs from ball variance. Sur- 
face abrasion causes wearing and grooving primarily 
of the edge of the disc. Disc variance occurs by 1 of 2 
mechanisms. First, wear of the disc may make it so 
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small that it does not cover the entire inflow orifice 
of the valve. This leads to insufficiency of the valve 
frequently varying from beat to beat depending on 
the position of the disc across the inflow orifice. 
Insufficiency may be massive if the disc is displaced 
to 1 side of the orifice and may be mild the next beat 
if the disc covers most of the inflow orifice. This type 
of disc variance has been reported with the early 
model Beall-Surgitool valve.147 In March 1968 the 
Beall mitral prosthesis was modified with compres- 
sion-molded Teflon® instead of rolled Teflon and the 
disc made thicker, especially at the periphery. These 
changes may increase the durability of the Beall- 
Surgitool valves; however, adequate in vivo durabili- 
ty has not been demonstrated because of the short 
length of follow-up. 

Secondly, grooving may lead to malfunction of the 
prosthesis by cocking of the disc into a fixed posi- 
tion, causing acute massive incompetence of the 
valve. This type of disc variance is more common 


with the Kay-Shiley, Kay-Suzuki and Cross-Jones 
valves, 14.15 .148,150-154 


Diagnosis 


In patients with a disc that has been reduced by 
wear to a size too small to cover the orifice of the 
valve, signs of congestive heart failure develop.147 
Antemortem diagnostic techniques have not been 
developed for this type of disc variance. The murmur 
of valve insufficiency has not been noted to date. 
Angiocardiographic demonstration of various degrees 
of valvular insufficiency in patients with congestive 
heart failure should be helpful in the antemortem di- 
agnosis. Patients with Beall-Surgitool valves should 
be followed up closely. 

In patients with cocking of the mitral disc into a 
fixed position, acute mitral regurgitation, pulmonary 
edema and hypotension develop. Characteristically, 
prosthetic sounds are absent, and a loud systolic 
murmur is heard.15? The mortality rate is high in 
patients whose disc remains in a fixed posi- 
tion 150.152 

Intermittent sticking of the disc may precede per- 
manent jamming.154 Patients who experience syn- 
cope, dizzy spells, palpitation, pulmonary congestion 
or edema, or congestive heart failure should be 
screened for possible jamming of the disc. Phonocar- 
diography, fluoroscopy, cineradiography and ultra- 
sound recordings?°§ may detect intermittent. cocking 
with loss of poppet motion. Patients with intermit- 
tent cocking of the disc should be reoperated upon to 
prevent the high mortality rates in patients with 
permanent jamming of the disc. 


Disc Thrombosis 


Thrombus or pannus limiting the motion of the 
disc is frequently associated with grooving and wear 
of the disc because of increased stress on the mobile 
portion of the disc.14-15 Severe thrombosis is some- 
times related to discontinuation of anticoagulant 
therapy. Thrombosis has been noted with the Kay- 
Shiley?4-15.94,131,151.158-162 and Hufnagel24 aortic 


and mitral valves, and the Cross-Jones, 163-166 Starr- 
Edwards model 6500,159-167-169 Cooley-Cutter, 17° 
anc Kay-Suzuki!™! mitral valves. The reported inci- 
derice of mitral disc thrombosis is greater than disc 
variance. In addition to the low-profile disc configu- 
ration, these valves all have relatively large areas of 
exposed metal.172 


Diagnosis 


Thrombus may limit poppet closure or opening, or 
both. Limited poppet motion is usually an insidious 


process but may be acute, particularly if anticoagu- 


lants are stopped. Symptoms and signs of stenosis or 
insufficiency, or both, developed. Characteristically a 
decrease or absence of the opening sound is 
noted 14.168.169.171- although, occasionally both pros- 
thetic sounds are diminished. Systolic and diastolic 
murmurs, pulmonary congestion and congestive 
heart failure have also been noted. Hemolytic ane- 
mia has been noted with insufficiency of a disc pros- 
thesis.16° Limited motion of the disc can be docu- 
mented by ultrasound recording,!°8 fluoroscopy and 
cineradiography. 


Tilting Disc Valves 


Hinged valves with tilting discs have had problems 
with thrombosis of the prosthesis and mechanical 
failure.82, However, two recent modifications, the 
Wada-Cutter and the Bjérk-Shiley valves have re- 
ceived wide clinical trials.173181 In vitro testing of 
these valves cannot determine the durability of the 
occluder when its motion is limited by thrombus. 
Because of the tendency of valves with large areas of 
exposed metal to form thrombus, the long term du- 
rability of the Bjérk-Shiley and Wada-Cutter valves 
remains to be established. 

Remaining calcification after excision of the aortic 
valve may limit the inferior movement of the disc of 
the Wada-Cutter or Bjérk-Shiley valve.79 In the 
mitral position, the disc motion may be limited by 
the ventricular wall. Massive insufficiency of the 
valve may cause death at the time of surgery if un- 
corrected. 

Wear of the Halon disc in the hinge area of the 
Wada-Cutter valve can cause the valve to remain 
open and to function irregularly, resulting in acute 
intermittent massive insufficiency of the valve.173.174 
This has been noted in an aortic valve as early as 2% 
months after insertion. The aortic closing sound was 
not heard, but instead.a long diastolic murmur of 
aortic insufficiency was evident. During periods of 
malfunction, the aortic diastolic pressure decreased 
to 30 to 40 mm Hg.!™ Patients with intermittent 
insufficiency of the Wada-Cutter valve should be 
reoperated on to avert a lethal outcome, Although a 
number of modifications of material and design have 
been undertaken, adequate in vivo durability still re- 
mains to be demonstrated with the Wada-Cutter 
valves. 

Thrombosis. has been reported with the Wada- 
Cutter valve,23.179 and antemortem diagnostic tech- 
niques are urgently needed. After an average of 6 
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months follow-up an incidence of thromboembolic 
. complication of 31 percent was noted in patients not 
receiving anticoagulant agents.179 Thromboembolic 
complications of the Bjork-Shiley valve have also 
been a problem. 12° 


Conclusion 


‘In general, the reported incidence of mechanical 
malfunction of mitral valves has been higher with 
disc . valvesi4.15,24,71,131,147-166 than with ball 

SA valves, 8:18-29,55,103,112,118,119,123-139 This has been 
true even though ball valves have been used nearly 
twice as long as disc valves. Thrombosis has been 
particularly a problem with the Starr-Edwards 
model 6500159.167-169 and Kay-Shiley valves.14-45. 
71,181,151,158-162 However, adequate information is 
not available for many valves, including the Huf- 
nagel, Harken and De Bakey valves. 

«© Although an increase in the durability of silicone 

: tabber has been documented, }*-® this has not elimi- 

= nated ball variance as a clinical problem. In patients 
= with mechanical problems related to implantation, 

‘such as leak or a narrow root,ball variance is likely 

oto develop earlier than in other patients. However, 

ball variance is less likely to occur in patients with 
“Starr-Edwards valves inserted after December 1964 
or Smeloff-Cutter valves implanted after September 
1966.18 

Normally, the opening click of the valve should be 
heard even in the presence of tachycardia or atrial 
fibrillation with ventricular rates up to 160/min.4 
The opening sound is readily heard clinically and 
can be easily documented by phonocardiogra- 
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phy.41-182.183 An absent or marked decrease in the 
opening click of the prosthesis is pathologic; ball 
variance, thrombosis, or dehiscence* of the prosthoniy 
is nearly always present. 

All patients with valve replacement should be ex- 
amined at 6 month intervals. Careful auscultation 
with particular attention to the quality of the pros- 
thetic sounds, an electrocardiogram, chest roentgen- 
ogram and phonocardiogram should be obtained. Pa- 
tients with altered prosthetic sounds, congestive 
heart failure, arrhythmia. or symptoms suggesting 
valve malfunction should. be more carefully screened 
as outlined. Patients who show signs and symptoms 
of mechanical malfunction should be reoperated on 
before sudden death occurs. 

Antemortem diagnostic techniques for mechanical 
malfunction should be evaluated by those medical 
centers replacing valves. Since special techniques 
such as standardized phonocardiograms, sound spec-. 
trograms, octave band noise analysis, untrasound re- 
cording, fluoroscopy, cineradiography and radi- 
ograms may be required, the large medical centers 
that replace valves should undertake follow-up ex- 
aminations.? The family physician should be alerted 
to possible symptoms or signs of mechanical dys- 
function so that rapid referral to such centers can be 
accomplished. 

The lives of many thousands of patients. will be in- 
fluenced by the longevity of replaced valves; Delay in 
the identification of a superior valve for replacement. 
will involve the lives of patients yet to be operated 
on, Therefore, an accurate in vivo assessment of im- 
planted valves is imperative. 
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HUGHES W. DAY, MD, FACC 


Kansas City, Kansas 


~The coronary care unit in its early infancy was. close- 


ly associated with the kindred subject. of cardiac re- 
“suscitation. Before. Kouwenhoven, Jude and Knick- 
erbocker reported on the successful application of 
-> closed chest cardiac massage, cardiac arrest was pri- 


Ss marily treated in the operating room, using open 
thoracotomy, direct cardiac massage and internal 


electrical defibrillation. Many important contribu- 
tions were made by early pioneers, but Claude Beck? 
is credited with first reporting in 1947 the successful 
abolition of ventricular fibrillation in a human pa- 

_ tient. Nine years were to elapse before Beck and Rea- 


gan and their associates,2-3 working independently, 


were to report successful defibrillations of the human 


heart associated with myocardial infarction. In both 


instances open thoracotomy was used. 
Wiggins, Hooker, Kouwenhoven and others made 
important contributions in the field of applied elec- 
tric shock. However, in 1956 Paul Zoll and his 
group* published major papers showing that ven- 
tricular fibrillation in man could be abolished by ex- 
ternally applied countershock. Incorporating this 
technique, Kouwenhoven, Jude and Knickerbock- 
er®:7 published in July 9, 1960 their papers on closed 
chest cardiac massage and cardiac arrest. This work 


-created a new horizon extending the scope of Claude 
_. Beck’s dictum that many hearts are “too young to 
l die. 77 


l -Following publication of these articles on cardio- 
pulmonary resuscitation, we began the building of a 


mobile crash cart. Since the patients with cardiac 


arrest were cyanotic, the terminology “code blue” 
was instituted. Also, using Electrodyne equipment, 
we began to monitor in late 1960 some patients on 
the general medical floors with acute myocardial in- 
farction. 

Several discouraging facts soon emerged. The 
hearts that were “too young to die” eluded us in our 
- cardiac resuscitation program, and the electronic 

-gear attached to patients proved of little value. The 
reasons were obvious: We had no nurses who could 
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History of Coronary Care Units 


correctly interpret the electrocardiographic patterns 
or fathom the alarm systems and the proper applica- 
tion of electrodes. This was especially true at 3 A.M. 
The rapid turnover of nurses and part-time help on. 
the medical floors made it impossible to develop ad-. 
equately trained personnel. We also discovered that 
the all important 3 to 4 minute time factor had elapsed. 
before most arrests had been detected. ` 

Reevaluation after the first 3 months of the pro: 
gram showed that little had been accomplished; it 
was apparent that our crying need was for a group of 
specially trained nurses working in a specific area, 
who could give the patient with coronary disease ex- 
pert bedside attention, interpret signs of impending 
disaster and quickly institute cardiopulmonary re- 
suscitation, Therefore, in late 1960 we discussed with 
E. Grey Dimond the possibility of a separate area 
which we proposed to call a coronary care unit. He 
advised us to proceed with the concept and through 
the years continued to give generous and helpful ad- 
vice. 

Mr. E. P. Roy, executive director of the John A. 
Hartford Foundation of New York City, met with us 
in the spring of 1961, and in late July the Founda- 
tion extended to Bethany Hospital a sizable grant to 
build and develop the coronary care unit. An 11-bed 
unit was opened to receive patients on May 20, 1962.. 
The concept of a private room for the patient with 
acute myocardial infarction was developed. at. this: 
early stage; the private room, rather than a ward, re- 
mains the ideal situation. Thus, our early concept of: 
the coronary care unit was woven around improving 
patient care by placing the highly trained nurse back 
at the patient’s bedside. With close supervision of 
medical care we hoped to lower the hospital mortali- 
ty rate of myocardial infarction and salvage patients 
suffering from unexpected cardiac arrest, 811 

Our first public presentation was made at the 
mid-winter meeting of the American College of Chest 
Physicians in Los Angeles in November 1962 in the 
form of a brief paper covering the initial concept and 
early results. As the program ran late, few physicians: 
stayed to hear the presentation; however, the chair- 
man, Eliot Corday, saw the possibilities in the idea. 
and became one of the outstanding leaders in the | 
field of training. Through Corday’s efforts, the- 
American College of Cardiology became the pioneer- 
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in formulating and developing coronary care nurse 
training programs. 

In October 1962, working independently, Lawrence 
Meltzer and J. Roderick Kitchell opened a 2-bed 
coronary care unit at the Presbyterian Hospital in 
Philadelphia. An intensive care unit was closely as- 
sociated with this 2-bed unit: Meltzer, through spe- 
cial grants, was able to hire and train what he pro- 
posed to call “the coronary care nurse.” Two small 
rooms were utilized, with an aperture in the wall 
through which defibrillator paddles could be passed 
to either patient. At a small nursing station just out- 
side, the coronary care nurse watched an oscilloscope 
and gave medical care to 2 patients. Meltzer and 
Kitchell trained their coronary care nurses in defi- 
brillation procedures; thus, they must be credited as 
the pioneers in the concept of the highly trained cor- 
onary care nurse. Their methods of defibrillation are 
now used in all well operated coronary care units and 
have led to a high successful resuscitation rate. 

The third unit to open in the United States took 
some 18 months of planning and construction and 
was the first unit to be newly designed and built 
rather than converted from existing facilities. The 
coronary care unit of the Miami Heart Institute 
opened on November 3, 1963 with Paul N. Unger as 
its director. Unger continued to serve with distinc- 
tion and contributed greatly through the American 
Heart Association in the preparation of many fine 
publications and programs. As of July 1970, 4,000 
patients had passed through the Miami unit. 

Another pioneer in the field of coronary care is 
William Grace of St. Vincent’s Hospital, New York 
City. Individual monitoring was begun at St. Vin- 
cent's in 1963, and the coronary unit for all patients 
in the hospital was opened in June 1964. In this unit 

„a bank of cardiac monitors is under continuous ob- 
servation, and electrocardiographic strips are record- 
ed by technicians 24 hours a day.}2 Grace is the au- 
thor of a very fine book on the coronary care unit, 
and excellent postgraduate programs are held yearly 
at St. Vincent’s. 

Kenneth Brown! published an early paper on 
acute coronary care and directed the formation of a 
unit at the Toronto General Hospital. This unit 
opened on March 13, 1962 and consisted of a small 

_4-bed room with a small adjacent nursing station. 
Brown wrote: 


“The monitor used was an old Graff E.E.G. unit which 
had some ECG amplifiers and had been discarded by the 
neurologists. We ran it around the clock recording the 
ECG on patients in the unit for the next three years. The 
original unit was woefully small but close surveillance was 
established and arrhythmias were studied on the early re- 
cording monitor. It was an exciting era at Toronto.” 


Brown has continued his work in this field, adding 
greatly to our understanding of arrhythmias. 

After the unit at Bethany had been opened for ap- 
proximately 2 years, it became obvious that we 
lacked considerable knowledge about arrhythmias 
preceding the development of ventricular fibrillation. 
A second grant was given to Bethany Hospital by the 
John A. Hartford Foundation to build recording 
equipment that could be used to study constant 
electrocardiographic patterns.14 The coronary care 
unit led to intensive studies in the field of arrhyth- 
mias associated with acute myocardial infarction, 
and Desmond Julian}® published an early article in 
1964 on the general subject. of ventricular arrhyth- 
mias in patients with acute myocardial infarction. At 
the same time, Spann et al.16 also .wrote on this 
subject, and Thomas J. Killip of Cornell University, 
New York City and Bernard Lown at the Peter Bent 
Brigham Hospital in Boston published several fine 
articles, pointing out the necessity of early treat- 
ment. 

Interest in this important field of coronary care 
also developed in Australia after the publication of 
Jude’s monumental work, and the concept of what is 
now called coronary care was begun at Sidney Hos- 
pital by Julian. He presented a paper on July 16, 
1961 to the Thoracic Society of Great Britain on the 
need for special nursing and medical care for pa- 
tients with acute infarction. This article!? was pub- 
lished in Lancet and, in discussing cardiac arrest, he 
wrote: 


“Delay is the major cause of failure in effective cardiac 
resuscitation. There are two ways in which this problem 
could be reduced. First, all medical, nursing and auxiliary 
staff should be trained in the techniques of closed-chest 
cardiac massage and mouth-to-mouth breathing; and sec- 
ondly, patients known to be at risk from fibrillation, or 
asystole, could have their cardiac rhythm constantly mon- 
itored. This means that. all wards admitting patients with 
acate myocardial infarction should have a system capable 
of sounding an important rhythm change and of recording 
the rhythm automatically.” 


Thus, at the time of the early work at Bethany 
Hospital, Meltzer and Kitchell in Philadelphia, 
Brown in Toronto and Julian in Australia were all 
recognizing the need for the development of a special 
unit with special nurses highly trained for the care 
and treatment of acute myocardial infarction. 

Development of the coronary care unit has led to 
many advances in knowledge of electrical pacing of 
the heart and arrhythmias and their potential treat- 
ment; it has also been the impetus for furthering 
successful cardiac resuscitation. The decade of the 
’60’s has really been the era of the cardiologist with 
the defibrillator in his hand! 
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In a patient with complete heart block and retrograde ventriculoatrial 
conduction, His bundle electrography demonstrated (1) orthograde 
block beyond the bundle of His, (2) retrograde conduction through 
the atrioventricular (A-V) node as evidenced by retrograde P’ waves 
with His bundle echoes, and by the effect of idioventricular beats on 
subsequent sinus P wave to His bundle intervals, even in the ab- 
sence of retrograde P’ waves. It is concluded that retrograde con- 
duction can occur in complete heart block if the block is beyond the 
bundle of His and the A-V node is intact. The retrograde pathway 
around the block to the A~V node may be by muscular conduction. 


Retrograde conduction from the ventricles to the atria in the pres- 
ence of complete atrioventricular (A-V) block is not seen frequently. 
The retrograde P waves are inverted in leads Il, II and aVF and up- 
right in lead aVR, thus suggesting a reverse activation of the atria. 
According to Scherf et al.1 retrograde P waves of this type appear 
only after automatic ventricular complexes or ventricular premature 
beats. They occur in late atrial diastole, just before the next sinus P 
wave is due. Occasionally fusion P waves are seen. 

Since failure of orthograde conduction is complete, the phenome- 
non of retrograde conduction in complete heart block seems para- 
doxical. Scherf and Cohen? in 1964 collected 81 reported cases of 
ventriculoatrial (V-A) conduction in A-V block. In this communica- 
tion we present the electrophysiologic events recorded during bundle 
of His electrography in a patient with complete heart block and retro- 
grade V-A conduetion. 


Case Report 


An 82 year old white man was admitted with a history of dizziness on 
exertion of 6 to 7 weeks’ duration. He also. complained of shortness: of 
breath and chest pain on exertion. There was no history of syncopal epi- 
sodes or convulsions. He had taken no medications. On physical examina- 
tion he was not in acute distress. Pulse rate was 42/min and regular, blood. 
pressure was 220/20 mm Hg. Cardiac auscultation revealed a first heart 
sound of various degrees of intensity, splitting of the second heart sound at 
the pulmonic area, and a short ejection systolic murmur at the mitral area. 

The electrocardicgram showed complete A-V block with an idioventricu- 
lar rhythm of 40/min and sinus P waves at 65/min. Retrograde P waves fol- 
lowing QRS complexes were seen (Fig. 1). Roentgenogram of the chest. 
showed slight cardiomegaly with clear lung fields... 


Electrophysiologic Studies 


During the insertion of a temporary transvenous pacemaker, bun- 
dle of His electrograms were recorded by means of a modification of 
the method of Damato et al. Under fluoroscopic control a no. 4F bi- 
polar electrode cathéter was passed up to the right atrium by way of 
the right femoral vein through a no. 14 Jelco sheath introduced per- 
cutaneously. The 2 poles of the catheter were positioned near the tri- 
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Figure 1. Admission electrocar- 








diogram showing complete heart f ERG oe 
block with inverted retrograde P hae aeia 
waves evident in lead II and the eT 


rhythm strip. 








Figure 2. 
...tion; P = atrial deflection; QRS = ventricular depolarization. Time lines = 1 second. A and B are sections of the same tracing. 


cuspid valve so that the electrodes were close to the 
bundle of His. The leads of the catheter were con- 
nected to.an EEP 8 channel of an Electronics for 
Medicine oscilloscopic photographic recorder with 
the frequency response limits set at 40 to 500 cycles / 
sec. His bundle electrograms and a simultaneous 
lead II electrocardiogram were recorded at a paper 
speed of 100 mm/sec. 


Analysis of His Bundle Electrograms 


Analysis of His bundle electrograms showed the fol- 
lowing: (1) Complete A-V heart block with the area of 
block distal to the area of recording of the His bundle po- 
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His bundle deflec- 


tential. (2) P waves conducted retrograde from the ven- 
tricles. (3) Retrograde conduction from the ventricles to the 
His bundle and to the A-V node even in the absence of re- 
trograde P waves. The retrograde conduction was recog- 
nized either by absence of a His bundle potential or pro- 
longation of the P wave to His bundle interval following a 
sinus P wave that came soon after an idioventricular com- 
plex. (4) P waves conducted in retrograde fashion with 
His bundle echoes (blocked distal to the His bundle). (5) 
Sinoatrial exit and entrance block following retrograde P 
waves. 

Figure 2A shows complete A-V dissociation with a His 
bundle potential following each P wave (except the third), 
thus suggesting block distal to the bundle of His. The P-P 
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Figure 3. 





His bundle electrogram and simultaneous lead || electrocardiogram. P’ = retrograde P waves. 





His bundle electrogram and simultaneous lead ie A 


Figure 4. 


interval is constant at 960 msec and originates at the 
sinus node. The Q-Q interval is constant at 1,530 msec. 
The P-H interval is 110 msec and is within normal limits. 
No P’ waves conducted in retrograde fashion are evident 
on this strip. The third P wave is not conducted in retro- 
grade manner; it occurs 960 msec after the previous P 
wave (the sinus cycle) and has the same configuration as 
the other sinus P waves. This P wave is not followed by a 
‘His bundle potential, thus suggesting that the A-V node 
or bundle of His was depolarized in retrograde fashion by 
the preceding ventricular complex and hence was refracto- 
ry to antegrade depolarization. Similarly, in Figure 2B, 
the P-His interval of the third P wave is prolonged, 
suggesting that the A-V node had been depolarized in retro- 
grade fashion by the preceding idioventricular QRS com- 
plex and was partially refractory to antegrade conduction. 
tion. 

Figure 3 shows P’ waves conducted in retrograde man- 
ner from the ventricles after the first and third ventricular 
complexes. The sinus P wave cycle remains 960 msec (in- 
terval between the third and fourth.P waves). The second 
and the fifth P waves are believed to have been conducted 
in retrograde fashion because (1) they.appear earlier than 
would be expected if they had originated in the sinus node 
(810 and 920 msec after the preceding sinus P waves), and 
(2) they differ in configuration in both the standard lead 
Il and the intracardiac electrogram, The QRS-P’ interval 
is related to the preceding’ P-QRS interval in that. the 
longer the P-QRS interval, the shorter. will be the QRS-P’ 
interval. This finding is attributed to the recovery time of 
the A-V node and junctional tissue; that is, if the conduc- 
tion tissue is more recently depolarized, the retrograde 
conduction rate will be slower. An interesting feature in 
this tracing is the long compensatory pause following the 
P’ waves conducted in retrograde fashion with the interval 
from the P wave preceding the retrograde P’ wave tothe 
P wave following the retrograde P’ wave equal to twice 
the sinus P-P interval. This suggests that the retrograde 
P’ wave had not reset the sinus node; that is, there is en- 
trance and functional exit block (because the atrium is 


still refractory at the time of sinus nodal firing) ini the 
sinus nodal area.* 

Figure 4 shows retrograde P’ waves following the first 
and third ventricular complexes with compensatory: P-P 
pauses following each P’ wave, similar to those in ‘Figure 


3. The P-QRS interval between the first P wave and the > 






first QRS complex is 480 msec, with the QRS-P’ i F 
300 msec. A His spike follows this retrograde P wav and» 
is probably a His bundle echo. The P-QRS interval pre- 
ceding the second retrograde P’ wave is 620 msec. Because. 
the P-QRS interval is longer, the QRS-P’ time is shorter, 
240 msec, and there is no echo; that is the second P’ wave 
is not followed by a His spike. This suggests that the long- 
er the QRS-P’ interval the more likely the appearance of 
a His bundle echo after a retrograde P’ wave. The last P 
wave in the tracing is probably a sinus P wave and is fol- 
lowed by a His spike with a P-H interval of 250 msec, 
which suggests that the preceding QRS complex was con- 
ducted in retrograde fashion to the A-V node but not to 
the atrium and produced a delay in antegrade conduction 
after the sinus P wave. Alternatively this last P wave may | 
be a fusion between a retrograde and an ‘antegrade P> 
wave, with the resulting prolongation of the subsequent 


P-H interval due’ to the recent retrograde conduction ae : 


threugh the node to the atrium. 
Discussion ; 
Briggs? was the first to describe retrograde con- ~ 


duction after production of complete heart block in 


the perfused rabbit heart.. Winternitz and Langen- 
dorf* in 1944 found 19 reported cases of A-V b a 
with normal retrograde conduction and described 6 

cases of their own. Scherf and Cohen? in 1964 col 
lected 81 cases of A-V block with intact retrograde 
conduction and reported 3 of their own.+ Subse- 
quently there: haye- been’ single case reports.5.§ 
Adams’ described a patient with complete heart 
bleck and retrograde conduction during ventricular 
pacing. More recently Castillo and Samet® showed 
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ventriculoatrial conduction during ventricular pacing 
-in 4 or 7 patients with complete heart block and in 1 
patient with 2:1 A-V block. 
Mechanisms of V-A conduction in A-V block: 
_ A number of theories have been postulated to ex- 
. plain retrograde V-A conduction in the presence of 
complete: antegrade A-V block. Scherf and Shoo- 
<- khoff® have suggested the existence of parallel path- 
- ways (“functional longitudinal dissociation of the 
conduction system”); conduction of the impulse is 
antegrade through one pathway and retrograde 
through another pathway that might be spared when 
disease of the conduction system causes antegrade 
block. Kline et al.1° suggested that a supernormal 
. phase of conductivity is stimulated in the blocked 
area by the blocked antegrade impulse, and the 
blocked area is then able to conduct the next ven- 
< tricular beat in retrograde fashion. Schramm and 
Korth" suggested that a damaged conduction sys- 
em might be unable to conduct in antegrade fash- 
on, but can be stimulated to conduct in retrograde 
shion by a larger impulse that might be generated 
yy depolarization of the ventricle. Scherf!? proposed 
: possibility that the strength of electrotonic po- 
entials accompanying the wave of ventricular activi- 
ty allows retrograde conduction. According to this 
eory atrial activation is too weak to cross the block 
1 antegrade fashion, whereas ventricular activation 
is stronger and able to cross the block in retrograde 

















Other workers have postulated that the mechani- 
ontraction of the ventricle per se causes depolar- 
on of the conduction system proximal to the 
k,? or that the contraction mechanically stimu- 
lates the atria to depolarize and contract.13 Some in- 
vestigators hold the concept of actual retrograde 
conduction through a blocked area as yet to be 
proved.? 

. Interpretation of His bundle electrograms: As 
n in the patient presented here, retrograde con- 
n does occur and can be demonstrated to exist 
ren in the absence of retrograde P’ waves if the 
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bundle of His electrogram is recorded (Fig. 2 and 4). 
This is evident when a sinus P wave occurring soon 
after a ventricular complex either does not have a 
His potential following it or has a prolonged P-H in- 
terval. This phenomenon can be explained by retro- 
grade depolarization of the A-V node or the His 
bundle (or both) by the preceding ventricular com- 
plex making it either refractory to the following sinus. 
P wave or producing a conduction delay in the ante- 
grade direction. The phenomenon of His bundle echo’ 


‘beats with a prolonged P’-H interval suggests that. 


the node had recently been depolarized, most likely 
by the retrograde impulse that stimulated the retro- 
grade P’ wave, and confirms that retrograde conduc- 
tion through the node had occurred. 

From our findings we can say that retrograde cone 
duction across the A-V. node does occur when block 
is distal to the bundle of His, and that antegrade 
and retrograde conduction across the node seem to 
transverse a single pathway (because the occurrence 
of retrograde conduction affects the rate of antegrade 
conduction, that is, prolongs the P-H time). It is not 
clear if conduction from the ventricles to the node 
goes through the blocked conduction system distal to. 
the His in a retrograde fashion, or if it goes around 
the block either through a parallel retrograde path- 
way or through muscular conduction (as in a right or. 
left bundle branch block). Since most instances of- 
permanent complete heart block are due to block be- 
yond the A-V node in the intraventricular conduc- 
tion system,!* the occurrence of retrograde activa- ; 
tion of the atria can be understood since the node is 
intact. In the same way that the right ventricle is 
eventually depolarized in the presence of right bun- 
dle branch block, areas of the ventricular muscu- 
lature proximal to the block might be depolarized. 
and the impulse might get. into the intact proximal. 
portion of the intraventricular conduction system 
and be conducted in retrograde fashion to the atria. 
It would be interesting to see if retrograde conduc- 
tion to the atria occurs when block at the A~V node 
is the cause of complete heart block. 
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A patient is described with complete heart block and a ventricular 
septal defect, both secondary to a stab wound of the chest. The es- 
cape rhythm was characterized by a wide QRS interval with a con- 
figuration suggesting right bundle branch block. His bundle (H) re- 
cordings revealed “split” H potentials with a P—H, interval of 100 
msec and an H-V interval of 40 msec. Recording of left bundle 
branch (LB) potentials showed the left bundle branch spike to occur 
in the H2-V interval with an H2-LB interval of 15 msec and an LB-V 
interval of 25 msec. Atrial pacing produced prolongation of P—H,, 
administration of atropine and isoproterenol produced shortening. 
Wenckebach periods proximal to H; were noted at an atrial paced 
rate of 190/min. 

During the study, the QRS pattern unexpectedly shifted from right 
to left bundle branch block, with H, potentials still preceding each 
QRS interval. The most likely explanation for this was the occur- 
rence of longitudinal dissociation in the distal His bundle allowing 
preferential distribution of the cardiac impulse to one or the other 
ventricle. However, the possibility of varying bundle branch block, or 
shifting of the pacemaker from the His bundle to the bundle branch- 
es could not be absolutely excluded. 

In summary, His bundle recording suggested a site of block in the 
His bundle. Observations are made on the nature of “split” H poten- 


tials and evidence for the occurrence of longitudinal dissociation in 


the His bundle is presented. 


Traumatic heart block is unusual, surviving patients in most cases 
incurring severe blunt trauma to the chest.1-5 Survival with heart 
block due to penetrating trauma is rare .*8 

In the present report, we describe a patient with a high ventricular 
septal defect and heart block, both secondary to a knife wound of the 
chest. Catheter recordings of His bundle electrograms demonstrated 
“split” H potentials, thus suggesting asite of block in the His bun- 
dle: Electrophysiologic observations were made on the nature of 
these “split” potentials, using the techniques of left: bundle branch 
recording, atrial pacing and administration: of. isoproterenol and at- 
ropine. Evidence is presented supporting the presence in this patient 
of functional longitudinal dissociation i in the distal His bundle. 


Report of Case 


The patient was a 23 year old man admitted to Cook: County Hospital 0 on 
May 23, 1971 after receiving a knife wound of the chest. Physical examina- 
tion on admission revealed the patient’s skin to be cold and clammy; pulse 
rate was 60/min and blood pressure 110/60 mm Hg. Marked neck vein dis- 
tension was noted, and the central venous pressure was 29 em H20.A knife 
entry wound was noted in the fourth right intercostal space 4 cm from the 
midline. Emergency pericardiocentesis revealed free blood in the pericardial - 
sac. 
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The patient was taken immediately to the operating 
room where thoracotomy was performed. The pericardial 
< sac was entered, and a puncture wound of the right ven- 
‘tricular outflow tract through which blood was pumping 
< was noted. The atria and ventricles were beating indepen- 
dently, and an electrocardiogram confirmed the diagnosis 


ee Of atrioventricular (A-V) dissociation secondary to heart 


block. The ventricular wound was closed, and epicardial 
wires. were implanted for pacing. 

_. The patient had a history of previous admission to Cook 
County Hospital in 1967 for pyelonephritis. At that time, 
the pulse rate ranged from 80 to 100/min, and no mur- 
murs were noted. There was no previous history of cardio- 
vascular disease. 

Hospital course: During the postoperative period, the 
patient’s pulse rate remained at 40 to 50/min in the ab- 

-sence of pacing. An electrocardiogram revealed complete 

A-V block with a QRS pattern of right bundle branch 

block (Fig. 1). 

In the immediate postoperative period, a pericardial 
-friction rub was noted. On May 28, 1971 a grade 4/6 
_-holosystolic murmur heard best at the left sternal border 





. was noted for the first time. 


|... Diagnostic cardiac catheterization was performed on 
_ June 17, with demonstration of a left to right shunt at the 
_ ventricular level with a pulmonary to systemic flow ratio 
Hof 1.3/1. Complete A-V block with right bundle branch 


me block persisted with pulse rates while awake ranging from 


40 to 56/min, decreasing to 35/min during sleep. On July 28, 
1971, a permanent transvenous pacemaker was implanted. 


Electrophysiologic Studies 


Electrophysiologic studies were performed at the time 
of. cardiac catheterization. His bundle electrograms (H) 
were recorded with a tripolar catheter passed to the right 
side of the heart, using previously described tech- 
niques.®-10 Left bundle branch electrograms were recorded 
with a bipolar catheter passed retrograde across the aortic 
valve, positioned just below the valve, contiguous to the 
ventricular septum.1° Recordings were obtained at paper 
speeds of 50, 100 and 200 mm/sec on a multichannel oscil- 
-> loscopic photographic recorder (Electronics for Medicine, 
c> DR 16). Atrial pacing was accomplished with a bipolar 
electrode catheter placed against the lateral wall of the 
Night atrium. Intervals were measured as previously de- 
“seribed. 
Control recordings. revealed complete A-V dissociation 
with an atrial rate of 115/min and ventricular rate of 50/ 
min. The QRS interval was 0.14 second in duration with 
a configuration indicating right bundle branch block. 
Intracardiac recordings revealed “split” His bundle po- 
tentials (Fig. 2, A and B, and Fig. 3A). Each P wave was 
followed by a high frequency potential (Hi) with a P-H, 
interval of 100 msec (normal P-H 80 to 140 msec). Each 
QRS complex was preceded by another high frequency po- 
tential (Hz) with an H2-V interval of 40 msec (normal 
H-V 35 to 55 msec). These findings suggested a site of 
block in the His bundle, with a lesion located between the 
recording sites of Hı and Hg. 
Validation of these “split” H potentials was attempted 
by. utilizing (1) left bundle branch potential recordings, 
(2). atrial pacing, and (3) notation of the response to ad- 
< ministration of isoproterenol and atropine. 
‘Left bundle branch recordings: Simultaneous left 


S bundle branch (LB) potentials were recorded during His 


- bundle recording in an attempt to determine if He reflect- 
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Figure 1. Electrocardiogram showing a QRS pattern. of righ 
bundle branch block. The rhythm strip demonstrates complete 
A-V dissociation with an atrial rate of 115/min and a ventriculai 
rate of 50/min. 


ed His bundle or right bundle branch (RB) depolarization. 
In the former case, it should occur before the LB electro- 
gram; in the latter, it should coincide with or occur shortly 
after the LB potential. 

Each QRS complex was preceded by an LB potential, 
occurring 15 msec after Hs and 25 msec before the QRS 
complex (Fig. 2, A and B). Thus, the Ho-LB interval was 
15 msec and the LB-V interval 25 msec. Both intervals 
were within the range of values previously described for 
H-LB intervals in patients without conduction defects.10 
RB potential recordings were attempted with the tripolar 
catheter passed into the right ventricle, but no RB depo- 
larization could be recorded. This finding was consistent 
with right bundle branch block demonstrated electrocar- 
diographically. 

The normal H-V and H2-LB intervals suggested that 
Hz represented His bundle depolarization. Conduction in 
the distal His bundle and in the left bundle branch ap- 
peared to be normal, as reflected by the normal intervals. 

Atrial pacing: The atria were paced at rates of 130.t6 
190/min. As the atrial rate was increased, P~H, was pro- 
longed with 1:1 conduction being maintained up. to a 
paced rate of 180/min (Fig. 4A). At 190/min, type I block 
(Wenckebach) was noted proximal to H, (Fig. 4B). 

Atropine and isoproterenol: With intravenous isopro- 
terenol drip infusion, the atrial rate was increased to 131/ 
min and the ventricular rate to 56/min (Fig. 3B). Despite 
the increased atrial rate, P~-H, was shortened to 86 msec, 
and H2-V remained unchanged at 40 msec. After isopro- 
terenol infusion was discontinued, atrial and ventricular 
rates, as well as the P-H, interval, returned to control 
values. Atropine, 1 mg, was then administered intrave- 
nously. The atrial rate was increased to 130/min and the 
venticular rate to 54/min (Fig. 3D). P-H; was shortened to 
70 msec. Hz was no longer recorded because of a slight shift 
in catheter position. The P-H; responses to pacing, atropine. 


-and isoproterenol were identical to the responses of P-H. 


in patients with normal conduction.11.12 oh 

Additional observations were made on intraventricular 
conduction. Several minutes after isoproterenol. infusion 
was discontinued, conduction shifted and right bundle 
branch block was replaced by left bundle branch block 
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Figure 2. Simultaneous His bundie and left bundle branch electrograms demonstrating “split” H potentials. A, electrocardiographic 
= leads t, HH, HL teft bundle branch electrogram (LBE) and His bundle electrogram (HBE). P waves are labeled P and the QRS complex is 
Jabeled R. Compete A-V dissociation is present, with an atrial rate of 120/min and a ventricular rate of 49/min. Each P wave is followed 
by a high frequency potential (H,) with a P-H;, interval of 100 msec. Each QRS is preceded by a high frequency potential (Hz) recorded 
from the His bundle catheter as well as a left bundle branch potential. (LB) recorded from the left ventricular catheter. Paper speed 100 
. mm/sec. Time lines occur at 1 second intervals in this and all subsequent illustrations. B, recording of H and LB potentials at a paper 
speed of 200 mm / sec. Note the relation of the Hz and LB potential, the LB’spike occurring during the H2~V interval with an H2~LB interval 
°of15 msec and an LB-V interval of 25 msec. 
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oa ; ; i i potentials. Atrial rates (AR), ventricular rates 
(VR), P-H; intervals, and H-V intervals are 
listed. Paper speed 100 mm/sec. A, control 
recording before medication. Note the pat- 
tern. of right bundle branch block with “split” 
H potentials. B, recordings during isoprotere- 
nol administration. Note the increase in atrial 
and ‘ventricular rates. Right bundie branch 
block pattern and “split” H potentials are still 
. present. C, recordings 5 minutes after isopro- 
| i AR 1148 terenol was discontinued. The atrial rate has 
decreased and the ventricular rate is still 56/ 
. j VR 56. . min. Conduction has shifted, and a left bundle 
l PH; 90 branch block pattern is now present. The 
es 4s “split” H potentials still remain; each QRS 


\ 
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interval of 45 msec. D, recordings 15 minutes 
after atropine. administration: The atrial rate 
has increased with a concomitant decrease 
in the P-H, interval t6-70 msec. He is no 
longer recorded because of a slight shift in 
catheter. position, Note. the varying intraven- 
triculer conduction despite constant ventricu- 
lar rate. The first 2 QRS deflections suggest 
incomplete left bundle branch block, and the 
last suggests right bundle branch block. 
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Figure 4. Effect of rapid atrial pacing on the H, potential. Paper speed 100 mm /sec. A, atrial pacing at 180/min. Shown are lead V4 ani 
His bundle electrograms, Atrial pacing spikes are labeled with arrows. The P-H, interval (measured from the pacing spikes) at this pacec 
rate is 150 msec and is prolonged compared to the control interval. The ventricular rate is unaffected by atrial pacing. B, atrial pacing'a 
190/min with Wenckebach periods proximal to H;. Note the progressive prolongation of P~H, from 165 to 290: msec. The H; potential 'o 
the:sixth paced P wave is probably hidden in the seventh paced P wave, and the P-H, of this beat cannot be measured. The seventh pace 
:P wave is probably blocked proximal to H,. The cycle resumes with the eighth paced P wave, which has a P—H, interval of 140 msec 


the ventricular rate is unaffected by atrial pacing. 
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-Figure §. Varying intraventricular conduction after administration of atropine. Shown are leads |, Il, HH! and V; as well as intracardiac 
electrogram. Note the variation in intraventricular conduction despite the fixed ventricular rate of 54/min. The first QRS interval resembles 
< deft bundle branch block, the second is of normal configuration, the third and fourth resemble incomplete teft bundle branch block, the 

fifth is normal, and the sixth resembles right bundle branch block. Atrial and ventricular electrograms are shown. on the intracardiac re- 


cording. This paper speed is.too slow (50 mm /sec) for accurate delineation of specialized conduction tissue potentials. 


(Fig. 3C). This occurred without a significant change in 
ventricular rate. Ho potentials still preceded each QRS in- 
terval, with an H-V duration of 45 msec. 

‘After administration of atropine, conduction alternated 
between the patterns of complete left and right bundle 
branch block. Many QRS complexes had intermediate 
patterns of incomplete left and right bundle branch block. 
In addition, several’ QRS complexes of normal duration 
and configuration were recorded (Fig. 3D and 5). These 
changes in QRS occurred without concurrent changes in 
ventricular rates. No premature beats were seen. By the 
time the patient returned to the ward, right bundle 
branch block was reestablished. 

Interpretation of findings: There are several possible 
interpretations of the findings of intraventricular conduc- 
tion in this patient. These are: 

1- The patient had various degrees of first degree 

block in both bundle branches, and the QRS complex at 
any point reflected the bundle branch with greatest delay. 
-When the delays were equal, the QRS was normal. This 
explanation seems unlikely since, if present, first degree 


bilateral bundle branch block, should produce Hg-V pro- 
longation, which was not noted. Any explanation postulat- 
ing complete block of one bundle branch, and intermit- 
tent block of the other is also unlikely, since this should 
be reflected in occasional dropped beats when both bun« 
dle branches are blocked simultaneously. This was not 
seen, 

2. The patient had a His bundle rhythm with addi- 
tional complete right bundle branch block, and the left 
bundle branch block beats reflected a parasystolic focus in 
the right bundle branch distal to the site of block. The 
narrow QRS would then have represented fusion between 
the 2 types of beats. This explanation is inconsistent with 
the Hz potentials (and normal H-V intervals) preceding 
the beats with left bundle branch block pattern (Fig. 3C), 
In addition, no evidence of parasystole was noted. 

3. The patient had a His bundle pacemaker low in the 
His bundle with longitudinal dissociation in this structure 
favoring the preferential distribution of the cardiac im- 
pulse to one or the other ventricle. One could postulate 
that both bundle branches were capable of normal con- 
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¿duction and that the patient’s right bundle branch block 
reflected preferential conduction down the left bundle 
“branch. The development of left bundle branch block 
after administration of isoproterenol could reflect a slight 
shift in location of the His bundle pacemaker (or shift in 
Cistribution of the impulse in the His bundle) so that con- 
duction occurred preferentially down the right bundle 
branch. The normally conducted beats could then reflect 
equal distribution of the impulse in both bundle branches, 
whereas the beats with incomplete bundle branch block 
could reflect asymmetric. distribution. This explanation 
would be consistent with the fixed ventricular rate, and 
the presence of He potentials with a normal H-V interval 
with both complete left and right bundle branch block 
patterns (Fig. 3, Ato ©). 


Discussion 


Traumatic heart block: The criteria for diagno- 
sis of traumatic heart block due to nonpenetrating 
trauma as specified by Dolara and Pozzi* are (1) 
youthful age of the patient, (2) absence of preexist- 
ing heart disease or conduction defects, (3) great 
magnitude of injury or injuring force, (4) associated 
traumatic heart lesions {ventricular septal defect or 
ruptured aortic valve), and (5) absence of a long la- 
tent period between the time of injury and the dis- 
covery of block. Although these criteria were origi- 
nally applied to nonpenetrating trauma, they were 
fufilled in the present case of penetrating trauma. 

Most reported cases of traumatic heart block are 
associated with blunt trauma. We are aware of 
only 3 previously reported cases of heart block secon- 
dary to penetrating cardiac trauma in which the pa- 
tient survived. Lea® reported 1 case secondary to 


‘shell wound, Armand et al.,7 a case due to gunshot. 


wound, and Sustaita et al.,8 a case due to ice pick 
injury. 

The present case is unique in several respects. The 
patient is the only surviving patient of whom we are 
aware who incurred: both heart block and septal per- 

foration due to penetrating trauma. The patient is 


also the first patient in whom the site of traumatic: 


heart block was diagnosed with the use of His bundle 
recordings. 

His bundle block and split His bundle poten- 
tials: Catheter recordings of His bundle potentials 
have been useful in the delineation of site of block, 
most patients having block either proximal or distal 
to the His potential recording site.13. Narula et 
al.14.15 reported an unusual form of block in which 2 
high frequency potentials were recorded from the elec- 
trodes positioned for recording of His bundle elec- 
trograms. They termed these “split? H potentials 
and suggested that one of these (Hi) was recorded 
proximal, and the other (H2) was recorded distal to 
an area of block. They reperted details of 3 cases, 1 
with Wenckebach periods and 2:1 block, 1 with Mo- 
bitz type H block, and 1 withcomplete block. 

We have seen 5 patients with heart block and 


“split” H potentials: One with congenital heart’ 


block and another with Mobitz type II second degree 
A-V block have been previously described.16.17 Two 
patients had acquired chronic complete A-V block. 


The fifth is the present patient with traumatic heart 
block. In this ease, complete A-V dissociation was 
present, with Hı having a fixed relation to the P 
wave, and Ha having a fixed relation to the QRS 
complex. 

Narula et al.* suggested that “split” H potentials 
should be validated with the use of atrial and His 
bundle pacing. They demonstrated that the P-H, in- 
terval was prolonged with atrial pacing at rapid 
rates. We have extended these observations, by dem- 
onstration of Wenckebach periods proximal to Hı 
with rapid atrial pacing in our patient. We also 
noted that the P-H; interval was shortened with ad- 
ministration of both isoproterenol and atropine. 
These results are consistent with P~H; encompassing 
A-V nodal conduction time. 

Narula et al.1® validated the distal potential by 
pacing through the H recording electrodes, stimulat- 
ing the His bundle, thereby producing a supraventric- 
ular QRS. interval. In addition, the interval from 
the pacing stimulus to the QRS complex was identi- 
cal to the measured H-V interval. The major useful- 
ness of His bundle pacing should be in the differen- 
tiation of H and RB potentials. 

We have not uttlized His bundle pacing for valida- 
tion of H potentials for the following reasons: (1) The 
electrode catheter positioned for recording H poten- 
tials may record several electrophysiologic events in 
the same tracing. They may include H, RB, atrial, 
ventricular and possibly A-V nodal depolariza- 
tion.18.19 Validation of one of these potentials does 
not negate the recording of the other potentials from 
the same electrodes. (2) In our laboratory, pacing 
through the H recording electrodes produces both 
variable QRS patterns and changing P-R or R-P in- 
tervals, thereby reflecting the fact that the recording 
catheter is free floating and’contacting several areas 
in the low atrial and upper right ventricular sep- 
tum.?° It is easy to select those paced beats support- 
img the pacing of a specific structure. We do not be- 
lieve that this constitutes validation of a recorded 
potential. (3) Pacing with an electrode catheter may 
produce various degrees of exit block between the 
pacing stimulus and the onset of activation in the 
chamber being paced.*! Since the magnitude of exit 
bleck during His bundle pacing is unknown, it is dif- 
ficult to demand that the stimulus to QRS interval 
be identical to the H-V interval when attempting 
His bundle pacing: In our laboratory we have pre- 
ferred to differentiate H and RB potentials utilizing 
catheter location, the timing of intervals, and the 
physiologic responses to single and coupled atrial 
pacing.1° l 

In the present case, the evidence for Ho repre- 
senting H rather then RB depolarization was: (1) 
an atrioventricular catheter location, determined 
both fluoroscopically and electrically by noting the 
relative magnitude of atrial and ventricular electro- 
grams; (2) the similarity of the H-V interval to the 
normal H-V interval; and (3) the normal relation of 
He to the LB potential recorded from within the left 
ventricle. 
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Clinical implications: The His bundle lesion 
“producing A-V block in this patient was presumably 
related to the penetrating knife wound. It is likely 
that the His bundle was lacerated close to the trau- 
matic high ventricular septal defect. We suspect that 
the knife lesion involved the membranous septum 
and the branching portion of the His bundle. Right 
= bundle branch block most likely reflected the occur- 
rence of longitudinal dissociation in the His bundle 


i distal to the site of block, with preferential conduc- 


~ tion along the left bundle branch. James and Sherf?2 
have recently reported anatomic studies supporting 
the possibility of longitudinal dissociation in the His 
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bundle. An escape rhythm arising low in the Hi 
bundle would very likely be able to propagate pret 
erentially down one of the bundle branches. The pos 
sibility of a traumatic lesion involving the proxima 
right bundle branch cannot be ruled out, but it i 
not likely in view of the evidence suggesting that th 
right bundle branch was capable of conduction. 

The His bundle recording technique was useful i 
the present:case by allowing us to define the site o 
block. This type of information will become ever 
more important as the life history of block proximal 
in and distal to the His bundle becomes better de 
fined. 
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Two patients are presented who exhibited the classic findings of car- 
diovascular beriberi clearly associated with a voluminous beer in- 
take. One patient was evaluated by cardiac catheterization before 
and after thiamine therapy. His cardiac index, probably one of the 
highest ever reported, was 17.7 liters/min per m? at rest; 2 weeks 
after thiamine therapy it was reduced to 4.74 liters/min per m°. 
Hemodynamic data at rest and during exercise are reported. A brief 
discussion of cardiovascular beriberiis presented. 


Wenckebach,! after his studies of cardiovascular beriberi in Java, 
clearly considered that the primary circulatory disturbance “is an 
outspoken pattern of widespread peripheral arteriolar insufficiency 
and all its consequences.” Keefer? reviewed the then current hypoth- 
eses on pathogenesis and his experiences in China. Weiss and Wilk- 
ins? several years later considered that the “cardiovascular distur- 
bances ... do not form a single rigid clinical syndrome,” pointing to 
right and left ventricular failure, arteriolar dilatation, increased 
blood flow, peripheral circulatory collapse and shock occurring singly 
or in combination. Smith and Furth4 raised the question whether 
heart disease might result from chronic thiamine deficiency. 0 

Blankenhorn® stated that the criteria of Wenkebach may have 
hindered the diagnosis in the West. In a later paper® he proposed 
that occidental beriberi should be considered in terms of a series of 
postulates. Blacket and Palmer? made definitive physiologic studies 
in thiamine-deficient patients during the deficiency state and after 
replacement therapy. 

The association of alcohol and heart disease has been recognized 
for many years. Sansom’ in 1892 and Graham Steell® in 1906 both 
described a relation between the consumption of alcohol and heart 
disease. In the 2 patients presented here, this association was ob- 
vious. The first patient was treated and followed up clinically; the 
second offered an opportunity to record an unusually high level of 
cardiac output together with other hemodynamic data. The- signifi- 
cance of the recorded data prompted this report. The problem seems 
clearly one of the effects of thiamine deficiency on the vascular sys- 


tem of persons who drink beer in excessive quantities. 


Case Reports 
Case 1 


A 38 year old white male bank guard was: admitted to the- Manhattan 
Veterans Administration Hospital. in February 1962 because of ankle-edema 
of 2 to 3 weeks’ duration and a heart murmur first noted by his family phy- 
sician 5 days before admission. Dyspnea on climbing 1 flight of stairs was 
evident on admission. There was a history of rheumatic fever at age 16 
years, but the patient had no subsequent cardiac murmur and successfully 
completed 5 years in the infantry during World War IL..He had’ been pre- 
viously admitted in 1956 because of upper. gastrointestinal bleeding al- 
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-though no lesion of the gastrointestinal tract was found. 
-< The history at that time revealed the daily ingestion of 2 
quarts of beer and an adequate food intake. On this ad- 
ission, the patient at first admitted to the ingestion of 3 
quarts of beer daily and, as questioning was renewed, the 








oe -< reported volume grew guardedly larger until it was clear 


that he drank beer in the place of meals, including break- 


fast. 


Physical examination revealed a temperature of 99.6 F, 
pulse 114/min, respiratory rate 30/min, and a blood pres- 
sure 128/60 mmHg. Weight on admission was 68.2 kg. 
Systolic thrills were palpable over both carotid vessels 
with “pistol shot” sounds being heard in the neck and 
over the femoral triangles. There was a prominent right 
ventricular heave. A harsh systolic murmur, ejection in 
character, was heard over the whole precordium, loudest 
over the base. A prominent atrial contraction sound (S4) 
was heard at the apex. The lungs were free of rales. The 
liver edge was palpable 4 cm below the right costal mar- 
gin. The fingertips and toes were cold; the rest of the 
hands and feet were of normal temperature. The nailbeds 
were slightly cyanotic. Peripheral pulses were bounding. 
There was 3+ pitting edema of the legs. No neurologic de- 
fects were noted. 

Fluoroscopy of the chest revealed bilateral hilar conges- 
tion and an increase in the transverse diameter of the 
heart. No specific cardiac abnormality or chamber could 
be implicated in the enlargement. The pulmonary arterial 
segment appeared normal. The venous pressure was 260 
mm H20, increasing to 300 mm H20 on hepatic compres- 
sion. The circulation time (Decholin®) was 11 seconds. A 
radioactive iodine thyroid study was performed and re- 
vealed a clearance rate of 34 ml/min and a 24-hour uptake 
of 45 percent of the ingested iodine. The remainder of the 
routine studies were not revealing. 

Course: The administration of meralluride shortly 
after admission and before diagnosis of cardiovascular 
beriberi failed to initiate diuresis. When the diagnosis was 
entertained he was treated with thiamine, initially 200 mg 
intravenously followed by oral medication. The “pistol 
shot” sounds and the heart murmur disappeared gradual- 
ly over several days. The cardiac output, not obtained 
prior to therapy, was estimated by the albumin-!4iodine 
method to be 6.66 liters/min with a plasma volume of 3.35 
liters during the recovery phase. An additional finding of 
interest was an initial arterial oxyhemoglobin saturation 
of 88. increasing to 96 percent in the recovery phase. The 
patient’s weight on discharge was 60 kg. : 


Case 2 


A 26 year old white man, part-time moving van helper 
and former gravedigger, was admitted to the Methodist 
Hospital in April 1966 because of swelling of both lower 
legs and shortness of breath of 2 weeks’ duration. Fatigue 
had been so severe that he was unable to climb stairs or 
perform any work. He had no symptoms of peripheral 
neuropathy. He denied knowledge of any prior cardiovas- 
cular or other illness. He freely admitted that he began to 
drink beer at age 10 years, recently consuming an esti- 
mated 50 glasses or 10 quarts of beer daily. He denied 
drinking other types of alcoholic beverages. During initial 
questioning, he stated that his appetite was good and that 
he ate well. Further questioning suggested that although 
«ample food was available he probably ate little or nothing, 


usually ignoring meals completely. Breakfast consisted of 


_ several cans of beer while shaving. His employment was 
"consistent with a pattern of continuous beer drinking. 
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Physical examination revealed a temperature of 99.8 F, 
pulse 90/min, respiratory rate 22/min, and a blood pres- 
sure of 160/90 mmHg. He was a well developed man in no 
acute distress, weighing 86.4 kg on admission. His skin 
appeared flushed and was markedly warm to touch. The 
tongue was normal. Neck veins were slightly distended. 
The lungs were clear to percussion and auscultation. The 
heart revealed a regular rhythm with a rate of 90 beats/ 
min. A modest point of maximal impulsé was in the fifth 
left intercostal space at the anterior axillary line. A grade 
2/6 systolic ejection murmur was heard over the entire: 
precordium and was loudest along the left sternal border. 
A prominent diastolic gallop sound (S3) was heard. Ve- 
nous pressure was 180 mm H20 and a circulation time 
(Decholin) was 10 seconds. There was 4+ pitting edema of 
the lower limbs and 1+ presacral edema. All peripheral 
pulses were bounding, and a pistol shot sound was heard 
over both femoral arteries. There was no evidence of ¢ya- 
nosis. Neurologic examination was entirely normal. 

The clinical impression was of high output failure with 
cardiovascular beriberi as probable. On the day after ad- 
mission, hemodynamic studies were performed. All medi- 
cations and food were withheld from the time of admis- 
sion until after cardiac catheterization, thus providing a. 
fast of approximately 19 hours. A regular diet was then in- 
stituted, and he was given 200 mg of thiamine hydrochlo- 
ride intravenously, with the dose repeated as a daily 
maintenance dose. Without digitalis or any diuretic ther- 
apy, weight loss was 6 kg in the first 24 hours and 10 kg- 
over a 5 day period. The systolic murmur, gallop sound 
and pistol shot sound over the femoral arteries disap- 
peared promptly. The remainder of the hospital course 
was uneventful. He was restudied 15 days after the start. 
of vitamin therapy. 

The routine laboratory studies were all normal. The. 
protein-bound iodine was 3.6 » g/100 ml. Electrocardio- 
grams were within normal limits throughout. Figure 1 
shows the teleoroentgenogram of the chest before and. 
after therapy. All other causes of high output states could 
be readily excluded. 

Results of hemodynamic study: Right heart catheter- 
ization was performed’ with the patient at rest and per- 
forming exercise of the bicycle type while recumbent both 
before and 15 days after therapy. Systemic arterial pres-“ 
sure was recorded through an indwelling brachial arterial 
needle. Cardiac output was determined by the direct. Fick 
principle. 

The vartous pertinent flow data are presented in Figure 
2. The oxygen consumption index (milliliters per minute 
per square meter) was moderately elevated at rest but 
rose significantly to 80 percent greater than normal after: 
exercise. After thiamine therapy, oxygen consumption was 
within normally accepted limits. The arteriovenous oxy- 
gen difference measured only 25 percent of normal at rest; : 
after exercise this value increased, but absolute value was 
still only 40 percent of normal. The most striking hemo- 
dynamic feature was the marked rise in cardiac index 
from levels more than 5 times normal, 17.7 Jiters/min per 
m? at rest to 22.6 after exercise. In terms of cardiac out- 
put this latter represented a value of 46 liters/min. After 
thiamine therapy the cardiac indexes at rest and after ex- 
ercise measured 4.7 and 7.1 liters/min per m2, respec- 
tively, only slightly higher than normal values. The arte- 
riovenous oxygen difference was likewise restored to the 
normal range. At a heart rate of 90 beats/min, the resting. 
stroke volume was 6 times normal. During exercise when’ 
the heart rate increased to 136 beats/min, the stroke vol- 
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Figure 1. Case 2. Teleoroentgenogram of 
the chest in the posteroanterior view before 
(A) and after (B) thiamine therapy. Note the 
significant decrease in cardiac size after 
d medication. 


ume was 5 times the normal level. After therapy the 
stroke volume at rest and exercise remained increased. 
Arterial oxyhemoglobin saturation was normal throughout 
the study period. 

The exercise factor was of particular significance. De- 
signed by Harvey et al.1° as an index of myocardial func- 
tion, this factor relates the increase in cardiac index to 
100 ml increments in oxygen consumption during exercise. 
The normal value reported was an 800 ml increase in 
index for every 100 ml increase in oxygen consumption. 
Before treatment this subject exhibited a 1,260 ml in- 
crease in output per 100 ml of oxygen consumed. Myocar- 
dial function had not deteriorated, and the cardiac muscle 
was actually performing at an apparently superior level. 
After therapy the exercise factor was normal. 

The significant pressure changes are illustrated in Fig- 
ure 3. Pulmonary arterial wedge pressure was increased to 
14 mmHg at rest and rose to plasma protein osmotic pres- 
sure levels (27 mmHg) after exercise. Acute pulmonary 
edema was anticipated but did not occur. Wedge pressure 
was normal after treatment. Moderate pulmonary arterial 
hypertension was recorded, with the pulmonary arterial 
pressure measuring 49/23 and 68/24 mmHg, respectively, 
at rest and after exercise. Right ventricular end-diastolic 
and right atrial pressures measured 16 and 13 mmHg, re- 
spectively, at rest and changed to 13 and 14 mmHg, re- 
spectively, after exercise. Fifteen days later, pulmonary 
arterial, right ventricular end-diastolic and right atrial 
mean pressures were at almost normal levels, measuring 
26/15, 43/19; 10, 10; and 7, 6 mmHg, respectively, at rest 
and during exercise. Brachial arterial pressure was normal 
throughout the study period, with systolic hypertension of 
significant magnitude (pressure 170/89 and 165/92 
mmHg) occurring before and after treatment only fol- 
lowing bicycle exercise. 

Pulmonary vascular resistance was initially reduced to 
accommodate the large pulmonary blood volume; system- 
ic vascular resistance was 8 times lower than the expected 
value. Both values approached normal 15 days after thi- 
amine therapy. 


Discussion 


It is now clear that the primary disturbance in thi- 
amine deficiency is the depletion of the enzyme co- 
carboxylase.!! This biochemical lesion is related to, 
if not the cause of, dilatation of the somatic ar- 
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terioles leading to an arteriovenous fistula effect. The 

‘inclusion. of beriberi in the listing of causes of in- 
“creased cardiac output should increase the number 
of cases found despite Blankenhorn’s consideration® 
_ that the Wenckebach criteria have hindered diagno- 
sis. The postulates of Blankenhorn? to suggest the 
diagnosis would appear to be almost too liberal. In 
large cities and their hospitals, the syndrome should 
‘be anticipated in those who drink large quantities of 
beer rather than in whisky drinkers or in those mere- 
ly subsisting on marginal diets. 

The criteria we consider diagnostic for cardiovas- 
cular beriberi include the following: a history of 
heavy beer consumption; poor dietary intake; no 
previous history of heart disease; increased warmth 
of the skin although the hands and feet may be cold 
to touch’; congestive heart failure; increased cardiac 
output; neurologic manifestations, if present; and 
complete recovery following thiamine as the only 
therapy. Clearly the diagnosis could not be consid- 
ered in the presence of an adequate dietary history 
and poor response to thiamine. The lack of neurolog- 
ic manifestations in Case 2 is perplexing although 
there can be little doubt about the diagnosis of car- 
diovascular beriberi. Akbarian and Dreyfus}2 showed 
that the routine survey of transketolase levels in all 
drinkers may provide an important clue to the path- 
ogenesis of a variety of heart diseases. 

Cardiac output in beriberi: Before 1960, the 
total number of accurate measurements of the cardi- 
ac output in patients with suspected beriberi was 
limited to 7 determinations. The first thorough eval- 
uation was the excellent study by Blacket and Palm- 
er’ in 1960 in which 19 patients with cardiovascular 
beriberi were studied at rest and during exercise. 
The cardiac output proved extremely variable and 
ranged from normal to 26 liters/min, whereas right 
atrial pressure values ranged from 0 to 20 mm Hg; ar- 
teriovenous oxygen difference and peripheral vascular 
resistance were decreased, and there was a marked in- 
crease in right ventricular work. Dilatation of the ar- 
terioles simulated the hemodynamic effects of a large 
arteriovenous fistula. The plasma volume was in- 
creased and reflected the weight gain due to edema. 

The level of cardiac output in our Case 2 is proba- 
bly the highest yet recorded. The increased stroke 
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volume is not correlated with the heart rate (this pa 
tient’s heart rate never exceeded 90/min); in fact, ir 
Blacket and Palmer’s series, the highest level 0. 
stroke volume occurred in a patient with the lowes 
heart rate. The elevation of the exercise factor to: Af 
percent above normal reflects the incredible capacity 
of the heart to cope with an increased filling loat 
and pressure. An output of 36 liters/min at rest, i 
stroke volume of 400 ml and the maintenance of ; 
stroke volume of 333 ml during exercise do not indi 
cate a structurally altered heart or one with an ener 
gy exchange that is compromised by mitochondria 
injury. One recalls Wenckebach’s apt comment. ti 
account for his bedside observations: “It is as thoug] 
the heart were rushing blood back to itself in the ef 
fort to burst itself apart.” 

Cardiovascular beriberi vs. alcoholic cardiomy 
opathy: If thiamine deficiency has a spectrum, wi 
should classify the condition of patients according ti 
the criteria of Brigden and Robinson,!3 from thi 
hyperkinetic high output thiamine-responsive stage 
to the hypokinetic low output thiamine-unresponsive 
stage. It is perhaps not wholly accurate to speak o 
the first stage as beriberi heart disease, since the 
dysfunction is almost wholly peripheral. The terr 
cardiovascular beriberi seems more apt. Pathologic 
and biochemical changes in the myocardium of pa 
tients dying of beriberi in the Orient must constituti 
a latter phase. A high level of alcohol intake main. 
tained for many years may lead to alcoholic car 
diomyopathy with definite myocardial pathologic 
changes. Such cardiopathy may be related to some 
direct effect of alcohol on the myocardium and not ti 
the deficiency of co-carboxylase and failure of utili 
zation of pyruvic acid in the citric acid cycle. The 
work of Wendt et al.14 and Regan et al.15 is in sup- 
port of this supposition. The clinical pattern of alco- 
holic cardiomyopathy has been fully elucidated by 
Burch and Giles.1® Patients with alcoholic cardiomy- 
opathy do not fulfill the criteria for cardiovascular 
beriberi because of the failure to respond to thi: 
amine. They will, however, respond to long-term bed 
rest! and dietary restrictions. The response to thi- 
amine in cardiovascular beriberi takes place within 
24 to 48 hours, and patients are in almost hemody- 
namically normal condition within 2 weeks. 
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The myocardium of a child with fatal diphtherial myocardiopathy was _ 
studied using conventional morphologic techniques and biochemical 
methods. Lactate retention was present as noted in experimenta 
work. Absence of creatine phosphokinase (CPK) activity in myocar- 
dial homogenates suggests that loss of this enzyme may result in 
low levels of phosphocreatine, a finding in animal and tissue culture 
systems exposed to diphtheria toxin. Concepts of pathogenesis and 
molecular biology of diphtherial intoxication are discussed. 















This report of morphologic and biochemical studies in a fatal case of 
human diphtherial myocardiopathy presents biochemical data that 
to our knowledge have not been previously published. A vast an 
illuminating literature has been established concerning the organis 
Corynebacterium diphtheriae, its exotoxin and the biologic effects of 
the exotoxin on experimental animals and tissue culture syste 
Our findings will be correlated with comparable data from earlier r 
ports. 





Case Report 


A 7 year old white boy was admitted from the emergency room with a hi 
tory of sore throat and low grade fever of 4 days’ duration. He had not been 
immunized against diphtheria, but no contact. with this disease was ever 
established. He was pale but in no distress, apprehensive and moderately 
dehydrated. Blood pressure was 110/70 mm Hg, pulse rate 100/min, respi- 
ratory rate 20/min and rectal temperature 99.2 F. A thick. gray membra- 
nous exudate covered the large tonsils and the entire pharynx. Enlarged an- 
terior and posterior cervical nodes were extremely tender. No abnormalities 
were found on examination of the heart, lungs, abdomen or central nervous 
system. 

Laboratory testing revealed a hematocrit of 36 vol percent, hemoglobin 11.5 
g/100 ml, leukocyte count of 19,250/mm3 with 67 percent segmented neutro- 
phils, 24 percent lymphocytes, 8 percent monocytes. and I percent bas 
phils. Platelet count was normal, and a serologic test for heterophil ant 
bodies was negative. Cloudy urine had a pH ‘of 6:0, specific gravity 1.023, 
2+ protein and glucose and a normal. sediment. Chest roentgenogram was 
normal. A toxinogenic Corynebacterium: diphtheriae was identified several 
days after a throat culture was obtained; 

The child was treated with intramuscular penicillin and supportive intra- 
venous fluids but continued to have slight fever, apprehension and weak- 
ness. Diphtheria. antitoxin was ordered, but the child suddenly- became 
lethargic, had a blood pressure of 90/40 mm Hg and a cardiac arrhythmia, 
shown. by electrocardiogram to be 2:1 atrioventricular block with signs of 
myocardial damage (Fig. 1). The patient died several hours later after 7 
days of illness without response to rapid digitalization. He received no ant 
toxin. 


Pathologic Findings 


Autopsy, 1 hour after death, showed diphtherial membrane over the ton- 
sils, pharynx and upper larynx causing partial airway obstruction. Toxin 
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Myocardial disruption with associated hemorrhage in 
the left ventricle. Sarcoplasmic pallor with “caterpillar” configu- 
ration of nuclear chromatin can be seen. No inflammation is ev- 
ident in this area. (Hematoxylin and eosin X570, reduced by 50 
percent.) 


Figure 2. 


genic diphtherial bacilli were cultured from the membra- 
nous material and could be seen in abundance on gram 
stain of direct smears. Focal aspiration pneumonia and 
acute tracheitis without membrane formation were noted. 
There were small areas of coagulation necrosis without 
cellular reaction in the kidneys, liver and adrenal glands, 
but no lesions of the central nervous system were found. 

The heart weighed 110 g. All chambers were dilated, 
but there was no effusion or malformation. The cardiac 
valves, coronary vessels, epicardium and endocardium 
were normal. The myocardium, which had a pale brown 
appearance and soft consistency, was distorted by widely 
distributed areas of granular degeneration and loss of 
cross striations. Neutral fat droplets had a beaded config- 
uration in the sarcoplasm of muscle cells as shown by Oil 
Red O stains. There were many nuclei with “caterpillar” 
chromatin configuration, and some were pyknotic. Neu- 
trophils in the sarcoplasm of degenerating myocardial 
cells were rarely seen except in areas of maximal degen- 
eration, where they were asseciated with slight hemor- 
rhage (Fig. 2). There were no other inflammatory cells, 
and lesions of conduction tissues were not extensive. Ab- 
normalities of coronary vessels, endocardium or epicar- 
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Figure 1. Electrocardio- 
gram of patient several 
hours before death. 


dium were not seen. Attempts to isolate a virus from myo- 
cardium, serum and stool were unsuccessful. 


Biochemical Findings 


Materials and methods: Small blocks of myocardium 
from right and left ventricles and interventricular septum 
were wrapped in plastic and stored at —20 F. Other sam- 
ples were kept in saline-soaked gauze at 4 C until ana- 
lyzed. All studies were performed in duplicate on 10 per- 
cent homogenates made from 3 different blocks of tissue 
(both ventricles and septum), from the case and control. 
Homogenates were prepared in saline and tested by the 
following methods: lactic dehydrogenase (LDH), Wacker 
et al.l; isoenzymes of LDH, Preston et al.?; glutamic 
oxaloacetic transaminase (GOT), Karmen; creatine phos- 
phokinase (CPK) and aldolase, a commercial kit with pre- 
pared substrate (STAT—Pac Calbiochem); phosphoryl- 
ase, glucose-6-phosphate dehydrogenase, glycogen and lac- 
tate, Hers*; and cytochrome C oxidase, Smith.® 

Immunoprecipitation studies were performed by the 
Ouchterlony method, using various dilutions of homoge- 
nates, diphtheria antitoxin (Parke-Davis) and diphtheria 
toxin (Sigma Chemical Ce.). Tests for detection of diph- 
theria toxin in myocardium were made, using homoge- 
nates and antitoxin with system control provided by anti- 
toxin and toxin. All studies were carried out at 37 C with 
observation for 72 hours. 

The effect of toxin on CPK activity was tested by incu- 
bation of crystalline CPK with homogenates of patient’s 
myocardium and by incubating crystalline CPK (Sigma 
Chemical) with diphtheria toxin. In addition, homoge- 
nates of control myocardium were incubated with homoge- 
nates of the patient’s myocardium and diphtheria toxin. 
CPK activity was tested before and after incubation in 
each instance. 

Biochemical data were related to protein content of the 
homogenates and standardized in reference to 100 mg of 
protein for presentation. The means of all results are listed 
for each test. By employing the statistical formula f = (N) 
(variance of means) /mean of variances, differences signifi- 
cant at the 95 percent level were determined. 

Results: The classic pattern of diphtherial myocardi- 
opathy was, in this case, associated with biochemical 
findings significantly different from those found in control 
material (Table I). There was absence of CPK activity 
and diminished activity of aldolase, phosphorylase and 
cytochrome C oxidase. Increased amounts of lactate and 
GOT activity were observed. 
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Diphtheria toxin could not be demonstrated in homoge- 
nates of patient’s myocardium, and activity of CPK in so- 


_-- Jutions of crystalline CPK and control homogenates were 


“ounaffacted by incubation with either diphtheria toxin or 
homogenates of the patient’s myocardium. 


Discussion 


Excellent reviews on diphtherial myocardiopathy 


by cardiologists, pathologists and microbiologists are 


available.*9 That by Gore?° is most comprehensive. 
Pathogenesis and mechanisms of cell injury: A 
constellation of factors is important in the pathogen- 
esis of diphtherial intoxication. The susceptible host 
must become infected by a strain of Corynebacterium 
diphtheriae which has been lysogenized by a beta 
bacteriophage. This symbiotic relation between 
phage and bacterium is such that the bacterium is 
not killed, but its protein synthesis is so directed by 
the virus that an exotoxin is produced. The bacte- 
rium, now toxinogenic, produces the toxin best in an 
environment deficient in iron-containing enzymes. 


~The: toxin is a protein with molecular weight of 


about 72,000. A dose of 0.1 wg toxin/kg is lethal to a 
susceptible animal, causing local histolytic effects 
and degenerative lesions of striated muscle (myocar- 
dium being the most important), kidney, liver, adre- 
nal glands and peripheral nerves. Lethal effects on 
mammalian tissue culture systems occur when the 
dose of toxin exceeds 200 molecules of toxin per 
cell, ™ 

Details of mechanism of cell injury by diphtheria 
toxin are not known; however, much attention has 
been directed to this subject. Pappenheimer and 
Williams? have shown in animals that the toxin af- 
fects the cytochrome system by inhibiting synthesis 
of an essential component or by interfering with its 
action by competitive inhibition since the toxin may 
be the protein moiety of bacterial cytochrome b. Ox- 
idative phosphorylation is also impaired, resulting in 
dysfunction of basic biochemical systems. Other ef- 
fects of the toxin include depression of carbohydrate 
synthesis, increased resistance to insulin, decreased 
metabolism of lactate,45 decreased production of 
phosphocreatine,!* decreased utilization of keto- 
acids and inhibition of acetylcholine synthesis.15 

Decreased protein production has been docu- 
mented in several studies.13-16.17 Protein turnover 
rate in the guinea pig heart may be inhibited to 25 
percent of its normal level within 6 hours, the ventri- 
cles showing greater effects than the atria.18 Bres- 
sler and Wittels?9 in reviewing the effect of diphthe- 
ria toxin on fat metabolism suggest that the toxin 
inhibits synthesis of carnitine. The resulting defi- 
ciency of myocardial carnitine impairs transport of 
fatty acid into mitochondrial oxidative pathways 
and causes accumulation of triglycerides. 

Incorporation of the toxin into mitochondria may 
be a mechanism for multiple metabolic disturbances 
eaused by the toxin.2° Ultrastructural studies by 
Burch et al.71 demonstrate severe mitochondrial le- 
sions in human diphtheria. About 1 hour after expo- 
sure to diphtheria toxin, cells “fix” the protein so 
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TABLE I 
Myocardial Biochemical Studies 








Present 
Determination Case Control 
Glycogen (mg) 1.2 ZA 
inorganic phosphate (mg) 0.5 0.4 
Organic phosphate (mg) 2.2 2.6 
Lactate (mg) 4,6* 0 
Aldolase (units) 53.9* 98.2 
Creatine phosphokinase o* 81.7 
(international milliunits) 
Glutamic oxaloacetic 31.1* 19.0 
transaminase (Karmen 
units) 
Glucose-6-phosphate 5.9 6.0. 
dehydrogenase (international 
units) 
Phosphorylase (total) 9,2* 13.9 
(umoles PO,/min.) 
Cytochrome C oxidase (units) 4,2* 4.9 
Lactic dehydrogenase (units) 6753.2 9449.2 
Lactic dehydrogenase 
isoenzymes (%) 
H subunits (total) 57.1 57.0 
H4 (LDH 5) 26 27 
HM (LDH 4) 24 20 
HM (LDH 3) 19 22 
M:H (LDH 2) 15 19 
M, (LDH 1) 16 12 
Protein content of 0.9 0.6 


homogenate (g/100 ml) 
(100 mg tissue/ml) 





*Values significantly. different from. control values at 95% 
level. a 


that neutralizing effects of specific antitoxin can no. 
longer be demonstrated and cellular degeneration | 
progresses over a period of hours.?? Biochemical ab- 
normalities are first detected at about 90 minutes in’ 
some cell systems, but morphologic cellular alter- 
ations are not seen until the fourth hour of intoxica- 
tion.13 Factors determining time of onset and severi- 
ty of the toxic effects on humans are not known;: 
however, active immunization is definitely preven-» 
tive. ; 
Myocardial pathologic and biochemical 
changes: Myocardial lesions in our case were early 
ones from the standpoint of minimal inflammatory. 
reaction. Degenerative alterations were widespread; 
yet short of necrosis. Death was apparently due to 
arrhythmia rather than to cardiac failure. Although’ 
we observed no qualitative or quantitative differ-. 
ences in lesions of the conduction system, these have 
been described.2°:24 The work of Kauguard,?5 
suggesting a prominent role of phosphorylase cycling. 
(activation of b to a and deactivation) for energy for. 
rhythmic cardiac contraction, may be pertinent to 
the pathogenesis of arrhythmia in diphtheria. Cater- 
pillar cells, seen in abundance in our case, are nu- 
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merous. in the myocardium of children dying of 
sepsis. Recent work by Wagner and Siew?® indicates 
that these cells are histiecytes. Accumulation of neu- 
tral fat in the myocardium occurs in 50 percent of 
fatal cases of diphtheria and may be related to carni- 
tine and its role in transport of fatty acids. 
Biochemical data, obtained from study of autopsy 
material, must be interpreted with caution, but such 
data are valuable. Comparative studies in the field 
of ultrastructure and bicchemistry have shown close 
agreement between biopsy and necropsy material in 
“such organs as the liver, provided agonal events are 
¿considered in the interpretation. +7 
Absence of CPK activity in the patient’s myocar- 
‘dium was a consistent finding, Activity of crystalline 
CPK and CPK in homogenates of control myocar- 
dium were not altered by incubation with diphtheria 
toxin or homogenates of the patient’s myocardium. 
It is likely that decreased CPK activity results from 
‘leak’ of the enzyme from the myocardial fiber rath- 
er than from a specific chemical or toxic inactivation 
or destruction of the enzyme. Such enzymatic alter- 
ations should be reflected in increased serum activity 
of that enzyme in the living patient; however, no 
such studies were performed. in this case. Reduction 
in activity of aldolase, phosphorylase, cytochrome C 
“oxidase and LDH may alse be explained in this way. 
Low levels of phosphocreatine which are observed in 
experimentally intoxicated animals!4 may result 
from loss of cellular creatine phosphokinase since 


maintenance of phosphocreatine is dependent upon 
this enzyme. 

The significance of slightly increased GOT activity 
in the patient’s myocardium is unclear, but we have 
observed increased activity of this enzyme in tissues 
manifesting fatty change (liver and muscle) due to a 
variety of causes. 

Relative lactate retention in the patient’s myocar- 
dium may have been the result of (1) cardiac ar- 
rhythmia associated with inadequate myocardial oxy- 
genation and failure to metabolize this product of 
glycolysis, (2) a direct block in the conversion of lac- 
tate to pyruvate by the toxin at the level of electron 
transport in the cytochrome system, or (3) toxic in- 
hibition of pyruvate conversion to coenzyme A as 
suggested by Agarwal. Excess lactic acid was also 
found in the histochemical. study by Burch et al.?1 
and metabolism of this substrate has been shown to 
be decreased in vitro. 13 

Failure to detect diphtheria toxin in homogenates 
of myocardium. was probably due to the insensitivity 
of our method since Burch et al.,22 using immunoflu- 
orescent methods, have demonstrated the toxin in 
myocardial sarcoplasm and.in the cytoplasm of cells 
presumed to be cardiac macrophages. 
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-event.3»4 To our knowledge, the clinical diagnosis of rupture of a dis- 









A patient with a dissecting aneurysm of the ascending aorta and a 
continuous heart murmur is presented. The diagnosis of the dissect- 
ing aneurysm was made at cardiac catheterization but was first sus- _ 
pected after an abnormal echocardiogram was obtained from. the . 
aortic root. The continuous heart murmur was found to be caused by _ 
a shunt from the false sac of the dissecting aortic aneurysm to the — 
right atrium. To our knowledge, such a communication has not been | 
previously described in any patient before necropsy. 

















Rupture of the false sac in dissecting aneurysm occurs in 70 to 80. 
percent of the patients with this disease and is almost always assoc 
ated with death.1.2 However, rupture into a right-sided cardiac 
chamber or blood vessel resulting in a left to right shunt is a rar 


secting aneurysm into the right atrium has never been made. Usua 
ly rupture occurs into the pericardial sac or chest,!.> and the ou 
come is fatal. 

The patient to be described was a young man with untreated hy- 
pertension who presented with a dissecting aneurysm of the ascend- 
ing aorta. He exhibited a continuous heart murmur and was found at 
cardiac catheterization to have a fistula between the false sac of the 
aneurysm and the right atrium. The presence of the dissecting aneu- 
rysm found at angiography was first suggested by an ultrasound re- 
cording from the aortic root which showed 4 rather than 2 simulta- 
neously pulsating structures (Fig. 1). Diagnosis of dissecting aneu- 
rysm by ultrasound is unique and illustrates yet another use for this i: 
valuable noninvasive technique. oF 


Case Report 


A 32 year old white man was referred to the North Carolina Memorial _ 
Hospital in April 1970 for evaluation of heart disease. Ten years previously _ 
the patient was told of hypertension but was not treated. Two years before. 
admission he experienced severe headaches and was found to have a blood _ 
pressure of 280/140 mm Hg, proteinuria, and left ventricular hypertrophy 
by chest roentgenogram and electrocardiogram. No mention was made ofa 
heart murmur at that time. An intravenous pyelogram demonstrated slight 
delay in opacification of the right kidney. Therapy with reserpine and chlor- © 
thalidone was instituted but was discontinued several months later. Six 
months before admission transient, painless hematuria developed. Evalua- 
tion at that time revealed a blood pressure of 220/140 mm Hg, glycosuria, _ 
cardiomegaly and, for the first time, a heart murmur. . 

Two months before admission, after the sudden onset of nonradiating re- 
trosternal pain, dyspnea and nausea, he was hospitalized and found to have 
electrocardiographic and serum enzyme changes consistent with an acute 
inferior wall myocardial infarction. A heart murmur was again noted but 
was not described in any detail. A chest roentgenogram at that time showed | 
a dilated aorta and enlarged heart chambers. The patient did well except 
for a persistent, unexplained tachycardia. After an uncomplicated hospital 
course of 4 weeks’ duration, he was discharged on a regimen of digitalis leaf, 
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Figure 2. A posteroanterior chest roentgenogram showing 
generalized cardiomegaly, a large ascending aorta, distortion of 
the aortic knob and increased pulmonary vascular markings. 


100 mg daily. One week before coming to us, he first 
noted bulging neck veins. Over the following week pro- 
gressive dyspnea on exertion and a dry nocturnal cough 
developed, and he was referred to North Carolina Memo- 
rial Hospital for further evaluation. He denied any recent 
chest pain, orthopnea or paroxysmal nocturnal dyspnea. 
The past history and review of symptoms were noncontrib- 
utory. The patient’s mother was known to have hyper- 
tension for many years. 

Physical examination revealed a mildly obese, tachyp- 
neic and apprehensive man. The blood pressure was 160/ 
90 mm Hg in both arms; there was no pulsus paradoxus, 
and the heart rate was 110 beats/min. No clubbing or cy- 
anosis was present. Retinal examination revealed arterio- 
lar narrowing, widened arteriolar light reflex and mild ar- 
teriovenous nicking. The neck veins were distended 4 cm 
above the clavicles at 45°, and a large positive systolic 
jugular venous wave was present. The precordium was ac- 
tive, and a hyperdynamic left ventricular outward move- 
ment was present in the left anterior axillary line. Both 
atrial and ventricular diastolic gallop sounds were pres- 
ent. The first heart sound was normal, and the second 
sound was single. A grade 4/6 systolic ejection murmur 
was heard best along the upper left sternal border and was 
transmitted to both carotid arteries. A high pitched grade 
4/6 continuous murmur with late systolic accentuation 
was maximal along the entire right sternal border. The 
diastolic decrescendo component of this murmur lessened 
with inspiration. The liver was palpable 2 cm below the 


Figure 1. Ultrasound recordings from the 
aortic root. Left, normal subject; right, pres- 
ent patient. Note the simultaneous pulsation 
of the anterior and posterior walls of the 
aorta in the normal subject. Echocardiogram 
from the ascending aorta of the patient dem- 
onstrates 4 simultaneously pulsating struc- 
tures from which the true lumen and false 
lumen of the aneurysm can be separated. 
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6, 1970. The former shows evolving acute inferior myocardial 
infarction, and the latter increasing left ventricular hypertrophy 
with persistent Q waves in the inferior leads. 


right costal margin and was slightly tender. There were no 
abdominal masses. All pulses were present and were equal 
bilaterally. There was no edema. 

Chest roentgenograms showed generalized cardio- 
megaly, an enlarged ascending aorta with distortion of the 
aortic knob, and enlarged pulmonary arteries consistent 
with an increase in pulmonary arterial flow (Fig. 2). The 
eleetrocardiogram showed sinus tachycardia, left ventricu- 
lar hypertrophy and an old inferior wall myocardial in- 
farction (Fig. 3). The blood urea nitrogen was 35 percent. 
The erythrocyte sedimentation rate was mildly elevated. 
Other laboratory studies including urinalysis, blood count, 
fasting blood sugar, cholesterol, calcium, phosphorus, 
serum glutamic oxaloacetic transaminase, creatine phos- 
phokinase, lactic dehydrogenase, bilirubin, latex fixation, 
lupus erythematosus preparations, coagulation studies 
and stool benzidine were within normal limits. A phono- 
cardiogram demonstrated atrial and ventricular diastolic 
gallop sounds. A mid-systolic click was recorded coinci- 
dent with the peak of the systolic ejection murmur. A 
shudder was present in the left carotid arterial pressure 
tracing, and the apex cardiogram demonstrated large 
rapid filling and A waves (Fig. 4). An ultrasound record- 
ing from the aortic root demonstrated 4 simultaneously 
pulsating echoes suggesting the presence of a double 
lumen structure (Fig. 1). 

Right and left heart catheterization was performed on 
the fourth hospital day (Table I). The aortic root was en- 
tered by means of Seldinger’s percutaneous transfemoral 
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Figure 4. Phonocardiogram recorded at the right upper sternal 
border (AA) and the lower left sternal edge (LSE) with the apex 
cardiogram (LV Apex). There is a loud continuous murmur at 
the aortic area. An atrial gallop sound (AG) is seen at the left 
sternal edge coincident with the A wave of the apex cardio- 
gram. A systolic ejection click and early systolic murmur are 
also recorded at the left sternal edge. RFW = rapid filling wave. 


TABLE | 


Hemodynamic Data 





Pressures 
Location (mm Hg) 
aE Sine es it OS Ee ats Ss aa a a 
Right atrium (8) 
A 4 
Cc 10 
vV 12 
Right ventricle 46/0 
End-diastolic 17 
Pulmonary artery 35/14 (22) 
Pulmonary capillary wedge (16) 
Aorta 140/80 





Figures in parentheses indicate mean pressure. 


TABLE II 
Blood Oxygen Saturation 








Location Percent Saturation 

Superior vena cava 55 
Right atrium 

High 59 

Mid 74 

Low 89 
Inferior vena cava 68 
Right ventricle 

Inflow 85 

Outflow 82 
Pulmonary artery 82 
Pulmonary capillary wedge 97 
Brachial artery 95 
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Figure 5. Angiograms. A, in the anteroposterior projections, 
following injection of contrast material through the retrograde 
aortic catheter. Note the lack of visualization of the sinuses of 
Valsalva and the opacification of the right atrium (RA) and pul- 
monary artery (PA) due to shunting of the dye from the false 
lumen of the aorta to those structures. B, levophase angiocardi- 
ogram in the right posterior oblique projection, following injec- 
tion of contrast material into the pulmonary artery. Note the ra- 
diolucent stripe (arrow) indicating the site of intimal tear and 
also the separation of the 2 lumens in the enlarged ascending 
aorta. 


retrograde technique. Pressures were measured with Sta- 
tham pressure transducers and recorded with a Sanborn 
light-writing oscillograph. Mean pressures were deter- 
mined by electrical damping. Prominent C and V waves 
were present in the right atrium, and the mean pressure 
was 8 mm Hg. The mean pulmonary arterial pressure was 
22 mm Hg, and the pulmonary capillary wedge pressure 
16 mm Hg. The retrograde catheter would not enter the 
left ventricle but passed easily from the aortic root to the 
right atrium. This position was confirmed with pressure 
tracings and 2 hand injections of 10 cc of 75 percent Hy- 
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paque®. Pullback pressure tracings were obtained from 
the right atrium to the aortic root. 

Serial determinations of blood oxygen saturation were 
made with use of oximetry (Table ID). These revealed a 
step-up in blood oxygen saturation in the right atrium. 
The ratio of pulmonary flow to systemic flow was calcu- 
lated to be 2.3:1. 

A biplane angiogram was obtained with an injection of 
50 ce of 75 percent Hypaque into the aortic root. This 
demonstrated a large false aortic lumen, opacification of 
the right atrium, lack of visualization of the sinuses of 
Valsalva and poor visualization of the major branches of 
the aortic arch (Fig. 5A). A levocardiogram in the right 
posterior oblique projection, following an injection of 60 cc 
of 75 percent Hypaque into the pulmonary artery, demon- 
‘trated a large double lumen aortic root. A radiolucent 
“stripe in the ascending aorta showed the site of intimal 
tearing (Fig. 5B), The patient tolerated the procedure 
well. 

On the basis of these findings, a diagnosis of chronic 
dissecting aortic. aneurysm with communication into the 
right atrium was made. On the day after catheterization 
while preparations were being made for surgical. interven- 
“tion, the patient died suddenly while in the bathroom. At- 
tempts at resuscitation were unsuccessful. Permission for 
an autopsy was denied. 


Discussion 


Continuous murmurs in patients with dissecting 
“aneurysms are rare. Several recent reviews of dis- 
-secting aneurysm do not mention continuous mur- 
murs.!:2,6.7 Furthermore, in a recent review of con- 
tinuous murmurs, the authors’ found no mention of 
dissecting aneurysms as a cause. However, continu- 
: ous murmurs are mentioned in earlier studies of an- 
- eurysms, In 1924, Boyd? reviewed 4,000 cases of an- 
- eurysms of the thoracic aorta (not necessarily dis- 
“secting aneurysms) and stated that “a systolic hum- 
- ming-top murmur is found in cases having communi- 
"cation between the aneurysm and the superior vena 
cava, pulmonary artery or the various heart cham- 
bers.” Of 1,197 patients in whom rupture occurred, 
114 (10 percent) had such an anatomic shunt. Of 
«these, 13 (1 percent) were found to have right atrial 
. communication at autopsy. When only the 365. cases 
“of ruptured ascending aortic aneurysms were consid- 
‘ered, the incidence of right atrial communication 
>was found to be 3 percent. In 1916, Lemann* studied 
< 592 postmortem cases of ruptured thoracic aortic an- 
~-eurysms and found 4 examples of communication be- 
: tween the aorta and the right atrium. Altogether, he 
found that 68 (11 percent) of the patients studied 
< had communications between the aorta and a low 
-pressure vessel (superior vena cava or pulmonary ar- 
tery) or heart chamber and, thus, had the potential 
“for a continuous murmur. Like Boyd, Lemann did 
not distinguish between dissecting aneurysms and 
= other types of thoracic aortic aneurysms in his series. 

In 1964, Dulake and Ashfield® described in some 
detail for the first time the clinical and pathologic 
features of a patient who had survived rupture of a 
dissecting aortic aneurysm into the right atrium. Al- 
¿though the patient had a continuous murmur for 


several months, this finding was ignored, and the di- 
agnosis was not made until after death. 

Differential diagnosis of continuous murmur: 
Cne problem in the diagnosis of this patient was 
differentiation of the continuous murmur from what 
may have been interpreted as a “to and fro” or 
“double” murmur of aortic insufficiency. Although 
continuous murmurs are rarely observed with dis- 
secting aneurysms, murmurs of aortic insufficiency 
occur in 23 to 35 percent of reported cases.1-?:1° Fail- 
ure to recognize continuous murmurs in the presence 
of the murmur of aortic insufficiency may be 1 rea- 
son for their apparent rarity. In this patient, the 
atypical location of the murmur over the right side of 
the sternum, as well as its “machinery” quality sug- 
gested that it was not due to aortic regurgitation. 
Furthermore, the murmur started in systole and con- 
tinued through the second sound and through almost 
all of diastole, as would be expected in a case of 
fistulous communication between a high and low 
pressure vessel or chamber. The very prominent pos- 
itive systolic jugular venous wave and the plethoric 
lung fields on X-ray examination also supported the 
diagnosis of a left to right shunt and a continuous 
murmur. The differential diagnosis included dissect- 
ing aortic aneurysm, rupture of the sinus of Valsalva 
and a coronary artery to right heart fistula. Three 
findings—the untreated hypertension, the greatly di- 
lated ascending aorta and, particularly, the ultra- 
sound recording over the aortic root (Fig. 1) showing 
a double pulsating echo—made a dissecting aortic 
aneurysm the more likely diagnosis. That echocardi- 
ography may be used to show motion of the normal 
aortic root has been well demonstrated.1! The ultra- 
sound recording obtained in this patient showed an 
abnormally dilated aorta and 4 rather than 2 struc- 
tures moving simultaneously. The echocardiogram 
suggested separation of the walls of the aorta and 
permitted definition of both the false and true lu- 
mens of the dissecting aneurysm. An aortic dissec- 
tion could also explain the patient’s inferior wall 
myocardial infarction as a result of compression of 
the right coronary artery.!? 

One other explanation for a continuous murmur in 
a patient with a thoracic aortic aneurysm would be 
compression of the pulmonary artery by the aneu- 
rysm causing a-pressure gradient in both systole and 
diastole. This occurred in a case described in 1963 by 
Schrire et al.;13 the diagnostic clue was provided by 
the chest roentgenogram, which showed oligemic 
rather than congested lung fields. 


Indications. for surgery: At present, patients 
with dissecting aortic aneurysms are treated with an 
intensive drug regimen aimed at reducing the blood 
pressure and decreasing the peak rate of rise of pres- 
sure (dP/dt) in the left ventricle. Comparison of sur- 
vival data from a program of medical treatment of 
the type used by Wheat et al.14-15 with data from 
surgical treatment®17 has led to abandonment of 
surgery as a primary method of therapy in uncompli- 
cated cases. Our patient lived for a number of weeks, 
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< and Dulake’s patient lived for 8 months after dissec- 
tion. With anticipated improved survival of patients 
with dissecting aortic aneurysms treated by drugs, it 
is probable that additional cases similar to ours will 
occur. The findings of a continuous heart murmur 
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and angiographic confirmation of a left to sight. 
shunt in patients with dissecting aneurysms will pose. 
a difficult therapeutic problem. From our experience’ 
and that of Dulake, early surgical intervention would 
seem indicated. ; 
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Seven patients with a coronary arterial fistula with unusual features 
are reported. Two patients had unusual anatomy of the coronary. ar- 
teries, 1 with a single left coronary artery terminating in a fistula to 
the right ventricle, and 1 with a rudimentary left coronary artery ter- 
minating in a fistula to the pulmonary artery (simulating anomalous 
coronary artery from the pulmonary artery). 

One fistula was due to nonpenetrating chest trauma, and 1 was 
associated with tetralogy of Fallot. The usual continuous murmur 
was not present in 1 patient. In 2 patients mitral insufficiency devel- 
oped: 1 had a holosystolic murmur and 1 a mid-systolic click and 
late systolic murmur. In 2 children there: was electrocardiographic 
evidence of myocardial infarction. Left ventricular end-diastolic pres- 
sure levels were elevated in 3 patients. The continuous murmur in 1 
patient spontaneously disappeared. 


Although coronary arterial fistulas are no longer considered rare, in 
the 7 patients described in this report the lesion had unusual fea- 
tures, not previously reported or emphasized (Table D. 


Description of Patients 


Case 1: A 6 year old boy, on a preschool physical examination, had a 
grade 3/6 high-pitched continuous: murmur with diastolic accentuation, 
maximal in the third left intercostal space. At cardiac catheterization, 
pressure and oxygen saturation data were normal. Hydrogen inhalation 
studies revealed a shunt at the pulmonary arterial level: An indicator-dilu- 
tion dye curve, with injection into the ascending aorta and sampling from 
the pulmonary artery, showed an early appearance. time. Angiography and 
surgery revealed an extremely large tortuous. left- anterior descending coro- 
nary artery which continued in the usual position of the right ‘coronary ar- 
tery and ended with fistulous connections into the right ventricular outflow 
tract. (Fig. 1). In addition, at operation, communication from the coronary 
artery to a hemiangioma of the right ventricle was noted. The right coro- 
nary artery could not be opacifiéd on angiography from the aortic root; on 
direct vision through an. aortotomy at. surgery there was a very tiny right 
coronary ostium in the usual position, but it ended blindly 1.5.cm from the 
ostium. Ligation of the fistula from within the right. ventricle and mattress 
sutures along the coronary. artery adjacent to. the hemiangioma on the epi- 
cardial surface eliminated the murmur: 


Case 2: A 5 year old asymptomatic girl hada heart murmur noted since 
age 1 year. At the second left intercostal space there was a high- pitched 
grade 2/6 continuous murmur. There wasa systolic lift at the anterior axil- 
lary line and a grade 2/6 holosystolic murmur at. the apex. Electrocardio- 
grams from age 1 to age 4 were normal with change.to a pattern. of antero- 
lateral myocardial infarction at age 5 years; a vector¢ardiogram was also 
consistent with anterolateral infarction. Roentgenograms revealed cardio- 
megaly with left ventricular enlargement. At cardiac catheterization the 
left ventricular end-diastolic pressure was 20 mm Hg. Hydrogen inhalation 
studies localized the shunt to the pulmonary artery. A left ventricular angio- 
gram demonstrated dilatation of the left ventricle with considerable in- 
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TABLE | 


Summary of Findings in 7 Cases of Coronary Arteriovenous Fistula 


CORONARY ARTERIAL FISTULAS—MORGAN ET AL. 


aaa a eaten Ra eed 


Unusual Findings 


a i e E 


No right coronary artery 


Anterolateral myocardial infarction; 
mitral insufficiency; LVEDP 20 mm 
Hg; no left coronary artery after 
fistula 

Associated with tetralogy of Fallot 


Cause, automobile accident; 
anteroseptal myocardial infarction; 
LVEDP 16 mm Hg 

No continuous murmur 


Angina, 4th sound, click and late 
systolic murmur; anterolateral 
myocardial infarction; LVEDP 27 


Case Age (yr) 
no. & Sex Site of Fistula 
1 6M Left coronary artery to 
right ventricle 
2 5F Left coronary artery to 
pulmonary artery 
3 WF Right coronary artery to 
right atrium 
4 21M Left anterior descending 
coronary artery 
to right ventricle 
5 4F Left circumflex coronary 
artery to coronary sinus 
6 15F Left anterior descending 
coronary artery to 
right atrium and 
ventricle 
7 4M Right coronary artery 


to right atrium 


Spontaneous disappearance of 
murmur 


a rs eh 8 mw T tae a em EE E EA i 


LVEDP = left ventricular end-diastolic pressure. 


crease in end-systolic volume and moderate mitral insuffi- 
ciency. Coronary arteriography and surgery (including aor- 
totomy) demonstrated a large right coronary artery supply- 
ing the entire heart and a very small left coronary artery aris- 
ing from the aorta witha fistula connection to the pulmonary 
artery 1 cm from its origin (Fig. 2). The fistula was ligat- 
ed. On repeat catheterization after surgery the right coro- 
nary artery supplied the entire heart; there was mild mi- 
tral regurgitation. 


Case 3: A 17 year old girl was noted to have an unex- 
plained high-pitched diastolic murmur in addition to a 
systolic murmur before complete correction of tetralogy of 
Fallot at age 7 years. After operation she had a systolic 





Figure 1. Case 1. Schematic drawing of findings on angiogra- 
phy and at surgery. There is no right coronary artery. The left 
anterior descending coronary artery (LAD) continued in the 
usual position of the right coronary artery and ended as a fistula 
into the right ventricle. 


September 1972 The American Journal of CARDIOLOGY Volume 30 


and high-pitched diastolic murmur or a continuous mur- 
mur with marked diastolic accentuation as shown by pho- 
nocardiography; the murmur was maximal in the right 
third intercostal space. Cardiac catheterization at age 17 
years revealed normal pressure and oxygen saturation 
data. Hydrogen inhalation studies revealed a shunt at the 
right atrial level. Selective coronary arteriography dis- 
closed a right coronary to right atrial fistula. Surgery is 
pending. 


Case 4: A 21 year old man had contusion of the anteri- 
or chest wall as a result of a car accident at age 17 years. 
Electrocardiograms after the accident resembled the pat- 
tern of an acute anterior wall infarction, and serum en- 





Figure 2. Case 2. Schematic drawing of findings on angiogra- 
phy and at surgery. There is a very small rudimentary left coro- 
nary artery (LC) with a fistula to the pulmonary artery and a 
large right coronary artery (RC) supplying the entire heart. 
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| 
aie 3 3. Case 4. Fistula to right ventricle. Phonocardiogram 
(fourth left intercostal space) with carotid tracing and electro- 
cardiogram. Note early diastolic accentuation of continuous 
murmur. 
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Figure 4. Left coronary arteriogram in right anterior oblique 
projection showing fistula from left anterior descending coronary 
artery to right ventricle. 
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Figure 5. Case 6. Electrocardiogram at age 8 years. Note Q 
waves in leads | and aVL consistent with anterolateral myocar- 
dial infarction (changed from earlier electrocardiogram). 


zymes were consistent with this diagnosis. At age 21 a 
grade 4/6 continuous murmur with diastolic accentuation 
was heard along the lower left sternal border (Fig. 3). 
Electrocardiograms were consistent with old anteroseptal 
myocardial infarction. Exercise electrocardiography 
showed marked S-T segment depression in the post-exer- 
cise tracings. Cardiac catheterization revealed normal oxy- 
gen saturation data; pressures were normal except for a 
left ventricular end-diastolic pressure of 16 mm Hg. Indi- 
cator-dilution and hydrogen inhalation studies indicated a 
left to right shunt at the right ventricular level. Selective 
coronary arteriography revealed a left anterior descending 
coronary artery to right ventricle fistula (Fig. 4). Ligation 
of the fistula resulted in disappearance of the murmur. 
Three months after operation, the patient awoke from 
sleep with severe pain in the left anterior side of the 
chest. Examination after this event revealed the same 
continuous murmur heard previously; the murmur in- 
creased in intensity on follow-up study. Repeat coronary 
arteriography revealed recurrence of the same fistula 
which was again ligated and has not recurred to date. 

This patient was reported as having a myocardial con- 
tusion due to a steering wheel injury in 1965, with a fol- 
low-up report in 1970. 


Case 5: A 4 year old girl had ligation of a patent 
ductus arteriosus at age 2 years. After operation a grade 
3/6 long systolic murmur was noted along the lower left 
sternal border and apex. Although a mid-diastolic mur- 
mur was also noted at times, a continuous murmur was 
never audible. Oxygen saturation data and indicator-dilu- 
tion dye curves revealed a 26 percent left to right shunt at 
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Figure 6. Case 6. A, phonocardiogram (apex) with carotid 
tracing and electrocardiogram. Note mid-systolic click, third and 
fourth heart sounds. B, apex cardiogram. Note prominent a 
wave and late systolic bulge (SB). 
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the right atrial and right ventricular levels. Cineangiogra- 
phy showed a left circumflex coronary arterial fistula with 
drainage only into the coronary sinus; this was confirmed 
at operation when the right atrium was opened with the 
i patient on cardiopulmonary bypass. The fistula was suc- 


Baye cessfully ligated from the external surface of the heart. 


Case 6: A 15 year old girl with a heart murmur known 
= gince infancy had shortness of breath and recurrent chest 
pain on strenuous exertion since age 8 years. An electro- 
cardiogram and vectorcardiogram at age 8 showed an 
anterolateral myocardial infarction (Fig. 5) which was not 
present on an electrocardiogram obtained at age 2 years. 
On physical examination. there was a prominent sustained 
systolic lift (and also a presystolic lift) at the apex. A 
third and fourth heart sound and a mid-systolic click pre- 
ceding a late systolic murmur were audible at the apex 
(Fig. 6). A grade 2/6 continuous murmur was heard along 
the left sternal border in the third and fourth intercostal 
spaces. Chest roentgenograms showed slight generalized 
cardiomegaly with increased pulmonary vascularity. Exer- 
cise electrocardiography revealed marked S-T segment 
depression in the 2 minute post-exercise tracing. On car- 
diac ‘catheterization. there was a 1.6:1 left to right shunt 
at the right atrial level. The left ventricular end-diastolic 
pressure was 27 mm Hg. There was minimal mitral insuf- 
ficiency. Selective coronary arteriography revealed the left 
anterior descending coronary artery emptying into a fistu- 
lous tract into the right ventricle and right atrium; there 
was very little opacification of the left anterior descending 
coronary artery after the fistula. Surgical correction has 
not.been accomplished yet. 


Case 7: An asymptomatic 34 year old boy had a grade 
4/6.continuous murmur along the lower sternum since age 
1. Cardiac catheterization revealed normal pressure and 
oxygen saturation data. Hydrogen inhalation studies re- 
vealed a left to right shunt at the right ventricular level. 
Selective coronary arteriography revealed a fistula from 
the left anterior descending. coronary artery to the right 
ventricle. The murmur decreased in intensity on subse- 
quent follow-up examinations, and 1 year after catheteri- 
gation it was no longer audible to 3 different cardiologists. 


Discussion 


Anatomy and etiology: One of our patients 
(Case 1) had a single left coronary artery terminat- 
ing in a fistula to the right ventricular outflow tract, 
and a rudimentary right coronary ostium with a 
blind ending 1.5 cm from the ostium, There are 3 
previously reported cases of a single coronary artery 
ending in a fistula.*5 In none of these reports was 
the coronary ostium directly visualized at operation. 

A rudimentary left coronary artery (from the 
aorta) with a fistula to. the pulmonary artery is a 
rare anomaly. and can easily be confused with anom- 
alous origin of the left coronary artery from the pul- 
monary artery, especially when the electrocardio- 
gram suggests an anterolateral myocardial infarc- 
tion, as in our Case 2. 

In many ‘instances, the fistula is a single vessel 
with a single termination, but in other cases the fis- 
tula presents as a plexus of multiple tortuous vessels 
that may terminate in the involved cardiac chamber 
4n many sites, as in our Case 1. 

Most patients with a coronary arterial fistula have 
had no other cardiac anomaly. The commonest as- 


CORONARY ARTERIAL FISTULAS--MORGAN: ET ALY” 


sociated anomaly is patent ductus arteriosus.® In 
tetralogy of Fallot, there are occasionally branching 
anomalies of the coronary arteries, but our Case 3 is- 
the only known reported case of a coronary arterial 
fistula occurring with tetralogy of Fallot. This will 
have to be considered as a rare cause of a continuous. 
murmur in a patient with tetralogy. 

All but 6 previously reported cases of coronary ar- 
terial fistula were congenital in origin; in these 6 
cases the fistula was due to penetrating chest trau- 
ma.7-13 Qur Case 4 is the first known case of coro- 
nary fistula due to nonpenetrating chest trauma; this 
fistula was a late result of documented myocardial’ 
contusion due to an automobile accident. X 

Physical findings: Although most patients with 
a coronary arterial fistula are asymptomatic, 1 child | 
in our series had definite angina pectoris (Case 6). 
The diagnosis in 5 of our 7 cases was suspected be- 
cause of a continuous murmur with maximal intensi- 
ty below the second intercostal space; 1 patient with 
a fistula to the pulmonary artery had a continuous” 
murmur in the usual location of a patent ductus arte- 
riosus. In our experience, when a continuous mur- 
mur is heard along the lower sternal border, the pris 
mary differential diagnosis must. be made between a. 
coronary arterial fistula and a ruptured sinus of Val- 
salva aneurysm. Phonocardiography can be helpful 
in differentiating a continuous murmur from a to- 
and-fro systolic and diastolic decrescendo murmur as __ 
was shown in our Case 3 with tetralogy of Fallot. 

The patient with a fistula to the coronary sinus 
(Case 5) did not have the usual continuous murmur 
of a coronary arterial fistula. Although practically all; 
reports of patients with a coronary arterial fistula to: 
a site other than the coronary sinus have noted -á` 
continuous murmur, 5 of 12. previously described | 
murmurs in patients with a fistula to the coronary. 
sinus were not continuous.14 One had only a systolic: 
murmur, and 2 others with a systolic and early dia- 
stolic murmur had a preoperative diagnosis of atrial 
septal defects. : 

Fourth heart sounds, prominent presystolic lifts: 
late systolic bulges at the apex and mid-systolic 
clicks followed by late systolic murmurs have not: 
been previously reported in coronary arterial fistulas, | 
but were noted in our Case 6. These findings. are. 
probably not unexpected in light of the very large 
amount of shunting of oxygenated blood from the 


‘terminal portion of the left anterior descending coro- 


nary artery that was present in this case. Another 
patient (Case 2) also had mitral insufficiency with a 
holosystolic murmur, most likely secondary to papil- 
lary muscle dysfunction. 

Electrocardiogram and chest roentgenogram: 
The electrocardiogram in coronary arterial fistula. 
has usually been normal or nonspecific. Two of our. 
patients had evidence of myocardial ischemia on- 
postexercise electrocardiograms; myocardial isch- 
emia has been noted by others.15-16 Two of our cases 
are the first known instances of congenital coronary 
arterial fistula in children with electrocardiographic 
evidence of myocardial infarction. It is reasonable to. 
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assume that a large corenary. arterial fistula could 
drain blood away from the myocardium distal to the 
fistula, resulting in myocardial ischemia or even in- 
farction—that is, a “coronary steal” phenomenon. 
The chest roentgenogram is usually normal; in- 
creased pulmonary vascularity was noted in 1 of our 
cases (with the largest left to right shunt). Cardio- 
megaly was present only in the 2 patients with mi- 
tral insufficiency. 

Catheterization: The diagnosis of coronary arte- 
rial fistula is best established by selective coronary 
arteriography. The volume of shunt in a coronary ar- 
terial fistula is often small; the shunt. was detected 
by oxygen saturation data in only 2 of our patients 
(Cases 5 and 6). Hydrogen inhalation studies. were 
most sensitive and detected the shunt in all of our 
cases, in addition to localizing the level. of the shunt. 

In the absence of associated coronary atherosclero- 
sis elevation of the left. ventricular end-diastolic 


pressure level is unusual. Three of our patients had 
increased end-diastolic pressure; all 3 had electrocar- 
diographic findings consistent with an old myocar- 
dial infarction (Cases 2, 4 and 6), and 2 of the 3 had 
mitral insufficiency probably secondary to papillary 
muscle dysfunction. 

Prognosis and surgery: The development of left 
ventricular dysfunction as manifested by angina, 
reyocardial infarction, mitral insufficiency due to 
papillary muscle dysfunction and increased left ven- 
tricular end-diastolic pressure in several of our pa- 
tients at an early age could be used as an argument 
for early surgical treatment of coronary arterial fistu- 
las. 

Although there are no previous. reports of sponta- 
neous closure of a coronary arterial fistula, the grad- 
ual disappearance of the continuous murmur in 1 of 
our patients (Case 7) indicates that this may occur 
in a rare case. 
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EDITORIALS 
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In 1768 William Heberden wrote: 


“.. there is a disorder of the breast marked with strong 

and peculiar symptoms, considerable for the kind of dan- 

- ger belonging to it, and not extremely rare... . The seat of 

“it, andthe sense of strangling, and anxiety with which it 

is attended may make it not improperly be called angina 
“pectoris.”! ` 


"| Subsequent: descriptions. by John Fothergill (1776) 
and John Hunter (1796) lent further support to the 

~ clinical diagnosis of angina, but a century passed be- 
‘fore Adam Hammer in 1878 published his account of 
“A Case of Thrombotic Occlusion of One of the Cor- 
onary Arteries of the Heart. ”1 He wrote: 


__ “What impressed me particularly about this case and 
attracted my attention to the highest degree, was the sud- 
el arance and the steadily progressive course of the 
; lapse, ‘I thought that only a sudden, progressively in- 
creasing disturbance in the nutrition of the heart itself 
ich as cutting off of the supply of nourishment could 
produce such changes as this case showed, and that such 
an obstruction could be produced only by a thrombotic 
occlusion of at: least one of the coronary arteries. For lack 
1: of ground for any other satisfactory explanation, I was car- 
ried away. by this thought. I mentioned my conviction to 
‘my colleague at the bedside. He however had a non- 
plussed expression and burst out, ‘I have never heard of 
such.a diagnosis in my whole life.’ And I answered, ‘nor I 
also’.” 


Twenty-nine hours. after death, Hammer carried out 
> a partial necropsy while the body was already in its 
coffin. “The autopsy finding confirmed the diagnosis 
in the most convincing manner.”! Acute coronary 
thrombosis became an accepted clinical and patho- 
logic term. 
Despite the seeming logic of the argument, the 
“pathologic basis of acute myocardial ‘infarction is 
once again debated, and doubt has been cast on 
whether thrombotic occlusion necessarily precedes 
acute infarction.2 However, the debate does not in- 
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Coronary Artery Disease—Antidote to a Stereotype 


volve the essential pathologic description of the 
atherosclerotic extramural coronary arteries them- 
selves. When one of Fothergill’s patients with angina: 
died, a necropsy was performed “by that very skilful 
and accurate anatomist, John Hunter . . .”” who found 
“the two. coronary arteries, from their origin to many. 
of their ramifications upon the heart, were become 
one piece of bone.”! Currently, the words ‘‘coronary. 
artery disease” cause us to respond as predictably as 
Pavlov’s dogs; we think of the stereotype—athero- ; 
sclerotic disease of large extramural coronary arteries’ 
in the adult, the leading cause of death in the United | 
States today. The impact of this statement should | 
not absolve us, however, from striving to achieve a_ 
balanced appraisal by looking at-the broad variety of 
disorders to which the coronary arterial bed is heir. 
—an antidote to the stereotype. 

Premature atherosclerotic coronary artery dis- 
eases: These disorders serve as a useful point of de- 
parture. The pathologic anatomy is similar to the 
stereotype in the adult, but the onset may occur in 
childhood or infancy. Familial type II hyperlipopro- 
teinemia expresses itself early, and the diagnosis is 
possible even at birth by determining the cholesterol 
level of umbilical cord blood.? The incidence of type 
II hyperlipidemia may be as great as 1 in every 150 
to 200: births. In those who have homozygous type H 
hyperlipidemia, death from cardiac disease frequent- 
ly occurs before age 25 years. 3 

Werner’s syndrome is a rare heredofamilial disor-. 
der occurring with equal frequency in male and fe- 
male; it is characterized by presenility and usually 
becomes manifest. in the decade after adolescence.4 
Both coronary and peripheral arterial atherosclerosis 
are strikingly premature. Perhaps. akin to Werner’s 
syndrome is the progeria (pro = before, geras = old 
age) of Hutchinson-Gilford, a “curious mixture of 
immature development ... and premature old age” 
occurring in young children. Coronary atherosclero- 
sis is extensive, and death from acute myocardial in- 
farction common. Idiopathic infantile arterial calcifi- - 
cation—or occlusive infantile arteriopathy—is 
nosologically unclear, but the existence of this lesion 
emphasizes the occasional occurrence of fatal occlu- 
sive coronary artery disease in the first few months or. 
year of life.6 In coarctation of the aorta or supraval-_ 
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vular aortic stenosis, changes in the intima and sig- 
nificant coronary arterial atheroma are believed to 
be reactions to coronary arterial hypertension.? 

Nonatherosclerotic large vessel coronary artery 
diseases: These affect the same segments of the 
coronary bed as the stereotype but the causes are 
_ different. Syphilitic aortitis results in coronary ostial 
narrowing or occlusion that may involve one or both 
vessels. The ostial narrowing seldom extends be- 
yond the orifices of the coronary arteries since the 
essential cause of the occlusive disease lies in the 
aorta. In Takayasu’s disease, the coronary ostia as 
well as the coronary arteries may be sufficiently nar- 
rowed to produce myocardial infarction. Syphilitic 
aneurysmal dilatation of a proximal coronary artery 
is rare.2° A coronary arterial aneurysm more com- 
monly occurs as a sequel to the necrotizing arteritis 
of polyarteritis nodosa.1° In congenital supravalvular 
aortic stenosis, the proximal segments of the coro- 
nary arteries dilate,!1 presumably because they fill 
during ventricular systole and are therefore subject- 
ed to the high level of systolic pressure proximal to 
the obstruction. The entire extramural coronary tree 
may be aneurysmally dilated and tortuous in long- 
term survivors with cyanotic congenital heart dis- 
ease.!2 In such patients, the flow-dependent myocar- 
dium satisfies its oxygen requirements despite de- 
creased aortic oxygen content by increasing flow 
through the coronary bed. Increased flow acting over 
© protracted periods of time may result in dilatation 
~ and tortuosity. 

Dynamite heart disease—a term used by Time 
- magazine!3—refers to an increased risk of sudden 
death and angina (nonatheromatous coronary heart 
<. disease) in munitions workers shortly after with- 
< drawal from long-term exposure to nitroglycerin. 
` Apparently; severe diffuse coronary arterial spasm 
< follows abrupt removal of the vasodilating effect of 
nitroglycerin. 

High levels of mediastinal radiation may cause the 
coronary arteries to thicken and hyalinize; the 
marked luminal narrowing has resulted in myocar- 
dial infarction.15 Traumatic coronary artery disease 
(penetrating or nonpenetrating injuries to the chest) 
can cause coronary arteriovenous or arteriocameral 
fistulas,1® coronary arterial aneurysm!” or throm- 
botic occlusion with infarction.1% 
© Oral contraceptive agents have been accompanied 
by a number of thrombotic or thromboembolic com- 
< plications, including coronary occlusion with myo- 
“cardial infarction.49 Amyloid may be focally deposit- 
ed (without occlusion) in the walls of large coronary 
arteries. Occasionally systemic lupus erythematosus 
is accompanied by severe extramural coronary arte- 
ritis, thrombosis and myocardial infarction.?° Oc- 
clusive vasculitis has been described in both large 
and small coronary arteries in patients with rheu- 


matic fever.21 In Hurler’s syndrome, coronary arteri-: 


al narrowing by gargoyle cells and fibrous tissue is 
expected, and often the degree of narrowing is strik- 
ing.?? Pseudoxanthoma elasticum, a heritable disor- 
der of connective tissue, may be accompanied by cal- 


cification and fragmentation of the elastica of coro- 
nary arteries.23 Intimal fibrous proliferation causing 
mild to nearly complete luminal occlusion can occur 
in saphenous vein grafts between the aorta and a 
coronary artery.?4 

Angina or myocardial infarction without coro- 
nary artery disease or occlusion: The increased 
oxygen requirements of hypertrophied hypertensive 
ventricles (aortic stenosis, primary pulmonary hy- 
pertension, hypertrophic obstructive cardiomyopa- 
thy) can result in myocardial ischemia despite 
anatomically normal coronary arteries.25 Much at- 
tention has also been focused on myocardial infarc- 
tion26.27 or angina?®.2® in apparently healthy young 
patients with normal coronary arteriograms. Even if 
one assumes the validity of these observations, the 
mechanisms have not been satisfactorily established. 
Speculations have centered upon excessive myocar- 
dial oxygen requirements, abnormal affinity of he- 
moglobin for oxygen (“stingy” hemoglobin), resolu- 
tion of an occlusive thrombus or embolus, and 
anatomic coronary artery disease undetected by or 
beyond the resolution of coronary arteriograms.?9 

Coronary arterial occlusions without preexist- 
ing disease of the occluded segment: Those are 
due to emboli or, rarely, thrombi. Emboli most fre- 
quently lodge in the left anterior descending coro- 
nary artery and are typically found in the distal seg- 
ments, that is, small epicardial branches and 
intramural coronary arteries. The causes are numer- 
ous®—infective endocarditis; mural thrombi, nonin- 
fective (marantic) endocarditis, tumor emboli, fat, 
air, thrombi on a prosthetic valve, or emboli occur- 
ring after surgical manipulation of calcific valves. 
Rupture of an atheroma in a large extramural coro- 
nary artery may be responsible for emboli to smaller 
distal branches.2° Thrombi are comparatively rare in 
nonatherosclerotic coronary arteries. Traumatic 
thrombotic occlusion has already been mentioned, 
and coronary thrombi have been found in sickle cell 
disease, 1° thrombotic thrombocytopenia purpura, 
and in the dilated coronary arteries of congenital 
coronary arteriovenous fistulas.25 Homocystinuria 
may be accompanied by thrombotic occlusion of cor- 
onary arteries although the walls generally exhibit 
thinning of intima and media and an increase in 
ground substance among muscle fibers.34 

Diseases of the small coronary arteries (0.1 to | 
mm): These disorders can be inflammatory or 
noninflammatory. Clinically significant inflammato- 
ry disease of small coronary arteries has been found 
in polyarteritis nodosa, systemic lupus erythemato- 
sus, rheumatic fever and rheumatoid arthritis.3° 
Noninflammatory causes provide an impressive list 
of their own. Amyloid involves both large and small 
coronary vessels, but obliterative lesions are typically 
found in the small vessels.2° In the Marfan syn- 
drome, obliterative disease has been found in the ar- 
teries to the conduction tissue as well as in small 
branches of the right and left coronary arteries of 
both ventricles.2° Two forms of heredofamilial neu- 
remyopathic diseases, Duchenne’s progressive mus- 
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‘cular dystrophy and Friedreich’s ataxia, are associ- 
ated with a peculiar arteriopathy involving small 


intramural coronary arteries. 22,30,32 Congenital deaf- 
- ness, cardiac arrhythmias and sudden death in chil- 


dren may be analogous to the deafness and arrhyth- 

“mias in some dalmatian dogs.?3 In both man and 

dog, obliterative disease of small nutrient arteries to 
the cardiac nodes has been found.33 Small vessel cor- 
onary artery disease can be important if the occluded 
“vessel is critically located, that is, a vessel leading to 
the atrioventricular or sinus node, or if the occlusive 
disease is sufficiently widespread to cause important 
ischemic damage to the myocardium. 

Congenital diseases of the coronary arteries: 
These consist of major anomalies, minor variations 
and secondary disorders.11-34 There are 2 major 
anomalies. One of them, coronary arterial fistula, is 
a condition in which both coronary vessels arise from 
the aorta, but a branch of one communicates directly 
with a cardiac chamber or coronary sinus. When the 
branch enters the right side of the heart, a coronary 
arteriovenous fistula is established. When the branch 

enters the left atrium or left ventricle (comparatively 
rare), a coronary arteriosystemic (or arterioarterial) 
“fistula exists.2° The majority of coronary arterial fis- 
tulas enter the right atrium, coronary sinus or right 
ventricle.25 A second type of major congenital coro- 
nary disease consists of anomalous origin of coronary 
arteries from the pulmonary trunk. Four variations 
are known: (1) the 2 major coronary arteries may 
arise from the aorta and a third smaller accessory 
vessel may arise from the pulmonary trunk; (2) both 
coronary arteries, or (3) the right, or (4) the left cor- 
onary artery may originate from the pulmonary 
trunk.34 Of these variations, anomalous origin of the 
left coronary artery from the pulmonary trunk is the 
most important.?5 

There are a number of minor variations of the cor- 
onary arteries. Multiple ostia (3 to 6) or anomalously 

located ostia are most common.*4 Frequently, the 
: conal artery arises from a third ostium; occasionally 
the left anterior descending and circumflex branches 
originate from separate ostia in the left coronary 
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sinus.!! High takeoff of a coronary artery refers to an 
ostium located a centimeter or more above the aortic 
cusp margin.!! Anatomically single coronary artery 
means that the entire coronary bed arises from a sin- 
gle orifice.11-34 Occasionally, however, a blind dim- 
ple is found in the aortic sinus of the “absent” coro- 
nary artery.1! This variation is akin to what might 
be called “functionally” single coronary artery, that 
is, congenital atresia or hypoplasia of a proximal seg- 
ment and its ostium. For example, the left coronary 
artery may be atretic at its origin and the patent 
portion perfused by way of large collateral vessels 
from the right coronary artery.2° The main coronary 
arteries can originate normally even though one of 
their major branches arises anomalously. The left 
anterior descending branch may originate from the 
right coronary artery and course over the outflow 
tract of the right ventricle, a variation commonly 
found in Fallot’s tetralogy.4}-34 Similarly, the cir- 
cumflex or left anterior descending branch may orig- 
inate from the right coronary artery in complete 
transposition of the great vessels.11 

Secondary disorders of the coronary arteries. have 
already been alluded to in the description. of coro- 
nary “ectasia” in long surviving patients with cya- 
notic congenital heart disease!” and in supravalvular. 
aortic stenosis1!. An interesting type of “secondary 
arteriovenous” (or perhaps “venocoronary arterial”) 
fistula occurs in pulmonary atresia with intact. ven- 
tricular septum.25 A very high level of right ventricu- 
lar systolic pressure forces blood through intramyo- 
cardial sinusoids, especially when the tricuspid valve . 
is competent and the right ventricular cavity small. 
These sinusoidal channels traverse the wall of the 
ventricle and reach the epicardium where they con- 
nect with coronary arterial branches.25-44 

The prevalence and clinical importance of athero- 
sclerotic disease of large coronary arteries in the adult 
have understandably resulted in a stereotyped con-. 
cept of coronary artery disease. It is therefore desir- 
able to maintain perspective and consider from time: 
to time the many other disorders that afflict the cor- 
onary arteries. 
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Fourth Sound Gallop or Split First Sound? 
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ROBERT J. ADOLPH, MD 
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A good cardiologist should be an optimist and, 
therefore, should avoid creating undue anxieties in 
his patients. Overinterpretation of certain cardiac 
auscultatory findings may lead to unnecessary and 
undesirable anxiety on the part of both physician 
.and patient, A recent letter has called attention to 
-the power of suggestion that may be exerted by se- 
nior physicians upon their juniors in the course of 


: : _ demonstrating faint or questionable auscultatory 
findings, 


; a sequence entitled “The Emperor’s 
= Clothes Syndrome.”! Experienced cardiologists may 
subconsciously screen. out faint and brief auscultato- 
ry phenomena that they believe to be of no conse- 
quence. It has been said that a good cardiologist 
should be a wee bit deaf. 

House officers and medical students are more 
adept at cardiac auscultation now than a generation 
_ ago when split heart sounds, systolic ejection sounds 
and diastolic opening snaps were rarely taught or ap- 
-< preciated. Greater attention to the heart sounds has 
-produced both desirable and undesirable effects. Al- 
though it is essential to recognize extra heart sounds, 
their incorrect interpretation may lead to serious 
error. Today many medical house officers describe 
fourth sound gallops ($4) in a large number of hospi- 
talized patients whom they examine; in many cases 
they are actually hearing the normal splitting of the 
first heart sound. These errors have 2 undesirable 
features: (1) they impute circulatory disease to some 
patients with normal circulation; (2) they lead to de- 
valuation of the atrial or presystolic gallop as a diag- 
nostic sign. Since the house officers believe they hear 
S4 gallops in so-many patients who do not prove to 
have heart disease, this sign becomes denigrated in 
their eyes; they cease to draw any conclusions from 
it and, indeed, more or less dismiss it as a sign of 
any worth or value. It is the purpose of this editorial 
to evaluate the fourth heart sound gallop (S4) as a 
sign of circulatory derangement and to suggest 
means by which it may be distinguished from a split 
first heart sound at the bedside. 





From the Cardiac Research Laboratory, Division of Cardiology, 
Department of Medicine, University of Cincinnati College of 
Medicine, Cincinnati, Ohio 45229. 

Address for reprints: Noble O. Fowler, MD, Cardiac Research 
Laboratory, Department of Medicine, Cincinnati General Hospi- 
tal, Cincinnati, Ohio 45229. 



















A properly performed and correctly interpreted 
physical examination of the heart is essential to the 
medical evaluation of every patient seen by a physi- 
cian. In the course of the precordial examination 
with the stethoscope, it is common to hear 2 hear 
sounds at or near the beginning of ventricular sys- 
tole. To evaluate this observation correctly, one 
must determine whether the additional sound pre- 
cedes or follows the first audible or “mitral” compo- 
nent of the first heart sound (M,).* Since the inter- 
val that separates the 2 sounds is usually only a few — 
hundredths of a second, it is not possible to use the — 
carotid pulse to determine whether the additional 
sound precedes or follows the beginning of left ven- 
tricular systole. When the additional sound precedes. 
the mitral component of the first sound, and may be 
referred to as an atrial or presystolic gallop (Sa), it 3 
likely produced by atrial systole (Fig. 1). When th 
additional sound follows the mitral component of the 
first heart sound, it is most likely the second (or 

“tricuspid” component) of the first heart sound (Ty) 
(Fig. 2), or, less likely, an aortic or pulmonic ventric 
ular ejection sound (Fig. 3). It is our experience and 
that of Levine and Harvey? that fourth heart sounds | 
and ejection sounds are rarely audible in normal per- 
sons. Although Spodick and co-workers? found audis _ 
ble fourth sounds common in normal persons over _ 
age 50 years this has not been our own experience. | 
We observed that a split first sound may be heard in | 
as many as 83 percent of normal ‘persons.*-5 Hence, 
we. believe that a proper interpretation of 2 sounds: 
heard near the onset of left ventricular systole is of | 
great importance. n 

Causes of fourth heart sound gallops: Atrial 
systole is followed. by potentially audible vibrations 


*in this editorial, we are using the terms “mitral component’ 
and “tricuspid component” to refer, respectively, to the first and 
second audible components of the first heart sound. This termi- 
nology conforms to the recommendations of the Bethesda Con- 
ference on Standardized Terminology of the American College © 
of Cardiology and the American Heart Association and does not 
necessarily imply that these sounds are produced by mitral and © 
tricuspid valve closure. (Conference Report. Glossary of Carec 
diologic Terms Related to Physical Diagnosis and History. Be~ 
thesda Conference of the Committee on Standardized Terminol- 
ogy of the American College of Cardiology and the American: 
Heart Association. Part Il: Heart sounds. Amer J Cardiol 21:273, 
1971.) 
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Figure 1. Phonocardiogram and apex cardiogram of a patient 
with mitral insufficiency and a late systolic murmur, showing a 
fourth heart sound (S4) preceding the first heart sound (S;}. 
The apex cardiogram demonstrates a prominent A wave. 
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which can be recorded within the ventricle.® This 
sound may be produced by retensing of the atrioven- 
tricular (A-V) valves: As the atrial contraction wave 
enters the ventricle at end-diastole it tends to pro- 
duee partial closure of the A-V valves.” Vibration of 
the ventricular walls may play a part in the produc- 
tion of this potentially audible component. Ordinar- 
ily, the audible component of the atrial contraction 
wave follows the onset of the P wave of the electro- 
cardiogram by an average of 0.12 second® and thus 
just precedes or merges with the first heart sound 
(S:) at normal A-V conduction intervals. This po- 
tentially audible component of the atrial systolic 
wave, normally inaudible, may become audible 
under certain circumstances and then is usually 
called a fourth heart sound gallop (S4). These may 
be listed as follows: 

1. Prolonged A-V conduction time with first de- 
gree A-V block. The potentially audible portion of 


Figure 2. Phonocardiogram and pneumogram of a patient with audible splitting of the first heart sound (M; and T,). The “mitral” 
(M1) and “tricuspid” (T1) components of the first heart sound are separated by 0.03 to 0.04 second. 
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atrial. systole precedes Si by an increased interval 
and thus tends to become audible. 
2. Decreased compliance of the left ventricle, as in 


ae aortic stenosis, systemic hypertension or aortic insuf- 
~ ficiency, tends to cause an unusual vigor of atrial 
©. systole and thus an audible fourth heart sound. S4 is 


regularly audible with severe aortic stenosis® or se- 


-were systemic hypertension and is common with aor- 


tic insufficiency of severe degrees especially when ac- 
companied by an Austin Flint murmur.® In the last, 
large A waves are commonly recorded in the apex 
cardiogram.?° 

3. S4 is commonly audible with acute cardiac in- 
farction’® and often during an attack of angina pecto- 
ris.11 It is believed that the compliance of the left 
ventricle may be decreased in acute cardiac infarc- 
tion and during angina,!? although left heart fail- 
ure! may play a role in the increased left ventricular 
end-diastolic pressure which can often be recorded in 
such patients. In acute infarction S4 may be heard 
+ either with or without elevation of left ventricular 

- filling pressure.?5 
_ 4, An Sq which is increased on inspiration and is 


: “louder along the left sternal edge and occasionally 


over the right jugular vein, is often heard when the 
right ventricle is hypertrophied or dilated. Acute 
pulmonary embolism, pulmonary hypertension of 
any cause,/4 including left heart failure, or pulmo- 
nary valvular stenosis may be responsible. 

5. An apical S4 presumably originating within the 
left heart is very common in certain hyperdynamic 
states.15 These include hyperthyroidism, severe ane- 
mia, and severe liver disease. 

6. Either right or left-sided Sy may accompany 
the ventricular hypertrophy that is commonly found 
in either obstructive or nonobstructive cardiomyopa- 
thy.16 

Although left- atrial systole may be vigorous in mi- 


tral stenosis, because of the mitral valve narrowing 


and rigidity, an S4:is not to be expected in severe 
mitral stenosis. 

S4 is not found in atrial fibrillation because there 
is no effective atrial systole. In atrial flutter with a 
high degree of A-V block, atrial sounds may be audi- 
ble and then occur at a rate of approximately 300 per 
minute.1? Although an S4 regularly precedes each 
ventricular systole when there is normal sinus 
rhythm, atrial sounds are often heard in varying 
relation to ventricular systole with higher degrees of 
A-V block and with complete heart block. 

One must distinguish between the implications of 
an audible S4 and an Sq which is only recorded by 
phonocardiography and is not audible. Recorded but 
not audible S, may be found in as many as 30 per- 
cent of the normal population.15-19 

Causes of splitting of first heart sound: The 2 
principal audible components of the first heart sound 
(S4) may be labeled Mı and Tj, respectively.1® My 
« ‘begins approximately 0.06 second after the Q wave of 
-the-electrocardiogram, and T; begins approximately 


Q : -0.09 second after the Q wave.* Mı may be related to 
mitral valve closure at the onset of left ventricular 


EDITORIALS 


systole, but vibrations of the heart muscle and ven- 
tricular blood at the onset of isovolumic systole | 
probably contribute to this sound. T4 is by some 
thought related to tricuspid valve closure after onset . 
of right ventricular systole2°; others believe that nei- 
ther component of S, is related to A-V valve clo- 
sure.21 The separation of M; and T; equals or ex- 
ceeds 0.03 second in the majority of normal subjects* 
(Fig. 2). Thus the interval between these 2 compo- 
nents of S; is great enough to permit audible split- 
ting.5 This common normal finding must not be con- 
fused with the similar effect produced by an audible 
S4 preceding Sı. In right bundle branch block the 
separation between M, and T, tends to be longer 
and the split more readily audible.’ 

Differentiation of S4 preceding S4 from Mı pre- 
ceding T: As already indicated, because the inter- 
vals involved are only a few hundredths of a second 
long, one cannot distinguish an S4 by demonstrating 
that it precedes isovolumic ventricular systole by 
palpation of the carotid impulse. Although S4 tends 
to be lower in pitch than My,,°5 S4 cannot always be 
reliably distinguished by this criterion. How, then, 
can S4 preceding S4 (an abnormal finding). be distin- 
guished from Mı preceding Tı (a finding that may _ 
be present in the majority of normal. persons)? The- 
following approach may prove useful: $ 

1. Palpation of the cardiac apical impulse. An au- — 
dible left ventricular S4, in the absence of emphyse- 
ma or pericardial effusion, is often associated with a 
palpable presystolic impulse. This impulse just pre- 
cedes the apex thrust at the cardiac apex.?? It is- 
often useful to palpate the apex of the heart with the 
patient in the left lateral decubitus position. One- 


should avoid being misled by the double systolic api- — 


cal impulse sometimes found in idiopathic hypertro- 
phic subaortic stenosis.2* As a rule, one should be re- 
luctant to diagnose a left-sided S4 at the bedside un- 
less there is a palpable presystolic apical impulse. 

2. Effect of respiration. As a rule, the left ventric- 
ular S4 is little affected by inspiration but may be 
diminished in intensity. The right ventricular S, 
tends to be accentuated by inspiration. The split Sy 
is most often unchanged by respiration, but in 1 
study there was respiratory variation of the Mi-Ti 
interval in 37 percent of normal subjects.* As a rule, 
the physician should not interpret an S4 preceding 
an Sı when the interval between the 2 sounds per- 
ceptibly changes with respiration. 

3. Area of maximal audibility. When the left ven- 
tricular S4 precedes Si, its maximal audibility is 
usually found at the cardiac apex. Splitting of $4, 
although audible at the cardiac apex, is usually best 
heard at the left lower sternal edge® and at times as 
high as the second left intercostal space. When there 
is a right-sided S4, it may be best heard along the 
left sternal edge also, but should be increased byin- 
spiration, and may be audible over the right internal 
jugular vein. 

4. Quality of heart sounds. $, tends to be of lower 
pitch than M; and Ti. Hence, S4 tends to be most. 
readily audible with the lightly but accurately ap- 


September 1972 The American Journal of CARDIOLOGY Volume 30 443 





O EDITORIALS 


-= plied stethoscopic bell. My and T (split first sound) 
tend to be more readily audible with the diaphragm 
-of the stethoscope. 

> 5, Decreasing the venous return to the heart by 
-sitting or application of tourniquets to the limbs may 
be useful since these procedures tend to decrease the 
intensity of 84. 

6. When S4 precedes an audibly split first sound, 
one may hear 3 sounds at or near the beginning of 
systole. This observation should exclude a complete- 
ly normal circulation, but the added sound may also 
be an ejection sound following M: and Tı. 

When a decision cannot be made at the bedside, 
then one may resort to a phonocardiographic record- 
ing. It must be remembered that a recordable S4 is 
not always audible.24 Further, 1 study reported a re- 
cordable S4 in 38 percent of normal subjects.24 How- 
ever, when the S; is found to be of considerable am- 
plitude on recording, audibility is likely. This view 
would be further supported if Sı were shown to be 
narrowly split. or not at all (Fig. 1). An apex cardio- 


graphic recording may be used to show that the 


presystolic atrial precordial impulse exceeds the 
usual amplitude5 (Fig. 1). Such a demonstration fa- 


_-vors audibility of the left-sided S4 since it precedes 


Si. 

Ejection sound: A double sound at the time of 
onset of isovolumic ventricular systole may also be 
caused by an abnormal ventricular ejection sound. 
Ejection sounds follow the first sound closely and are 


recorded in the aorta. or pulmonary artery just be- 
yond the semilunar valves, when there is valvular 
stenosis or dilation of the great artery. Ejection 
sounds, like fourth heart sounds, must be recognized 
at the bedside by their location and quality and the 
effects of respiration and not. by timing. Aortic ejec- 
tion sounds are usually audible at the cardiac apex 
as well as at the aortic area and over the common 
carotid artery (Fig. 3). Pulmonic ejection sounds are 
louder at the pulmonic area in the second left inter- 
costal space and occasionally in lower interspaces 
near the sternum. Those associated with pulmonary 
valvular stenosis tend to be louder during expira- 
tion.26 When the second component of an apparently 
split first sound is louder at the base of the heart 
than at the apex, and is of sharp quality, the addi- 
tional sound is probably an ejection sound. 

This editorial has attempted to deal with the often 
difficult interpretation of double sounds occurring 
approximately at the onset of isovolumic ventricular 
systole. Proper appreciation of the circulatory status 
of the patient cannot be made unless the commonly 
audible normal splitting of the first heart sound can 
be distinguished from the usually abnormal S4 pre- 
ceding Sı as well as the usually abnormal systolic 
ejection sound closely following Sı. When a firm de- 
cision cannot be made at the bedside, it is better to 
list the possibilities than consistently to overinter- 
pret the common normally audible splitting of S, 
(Mı and T;) as evidence of circulatory disease. 
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Ventricular Dysfunction Associated with 


Valvular Heart Disease 


JAMES SCHEUER, MD, FACC 


Bronx, New York 


The article by Hildner et al. in this issue of the 
Journal again points to the importance of consid- 
ering the functional state of the myocardium when 
evaluating patients for correction of a valvular lesion 


and when assessing the results of valvular surgery. 


The report of myocardial dysfunction accompanying 


--valvular disease and remaining after corrective sur- 


gery is consistent with previous investigations in ex- 
perimental animals and man.?-6 

Cardiac symptoms and myocardial function: 
When considering the response to valve replace- 
ment, the evaluation can be based upon symptoms 
(symptomatic classification), function of the heart as 
a pump (ventricular function), or function of the 
heart as a muscle (contractile state). Symptomatic 
improvement can be determined by taking a com- 


oe. plete. history and by performing exercise testing. 


Knowledge of ventricular function requires measure- 
ments of end-diastolic pressure and cardiac output 
or stroke work. Estimations of contractility in the in- 
tact subject usually require the use of quantitative 
angiographic techniques, high fidelity pressure mea- 
surements, and the first derivative of pressure in 
order to define instantaneous tension, velocity and 
length relations in the contracting ventricle.” The 
‘more simply obtained rate of rise of pressure divided 
by simultaneous pressure [(dp/dt)/P] during the 
isovolumic contraction phase may be a relatively 
good index of contractility. When the pre-ejection 
phase of systole is not isovolumic, as in mitral regur- 
gitation, or when there are marked changes in pre- 
load between preoperative and postoperative mea- 
surements, this index of contractility may not. be ac- 
curate, The evaluation of ventricular angiograms, as 
performed in the study of Hildner et al.,1 provides a 
useful and fairly simple method of estimating myo- 
cardial function. However, by’ itself, angiography 
cannot be used to quantitate contractility. This is 
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particularly true because pressure-volume alter- 
ations, distinct from changes in contractile state, _ 
have to be distinguished as a cause for angiographi- | 
cally apparent myocardial dysfunction.® 

Decreased myocardial function in valvular 
heart disease: In their paper Hildner et al. fully 
discuss many of the possible causes for myocardial _ 
dysfunction. Coronary atherosclerosis, coronary _ 
emboli, surgical trauma or other deleterious factors _ 
associated with surgery were probably not responsi- — 
ble for the postoperative deterioration in myocardial 
function in their patients. The greater incidence of . 
postoperative dysfunction and failure to improve in. 
patients with mitral valve disease is attributed to. 
the apparently greater incidence of significant rheu 
matic myocardial involvement in these patients, 19711. 
Thus, preoperatively, patients with mitral stenosis 
are frequently found to have evidence of ventricular — 
dysfunction.!2:13 After relief of the stenosis the ven- 
tricles may have a greater volume load placed 
upon them. They then may dilate and appear even. 
more depressed, while still expelling a greater stroke © 
volume than before operation. 

Hildner and co-workers do not dwell upon the ef- 
fects of hemodynamic overload itself upon myocar- 
dial function. Both chronic systolic and diastolic | 
overload, resulting in hypertrophy or in cardiac fail- 
ure, are associated with a depressed contractile state | 
of the myocardium as measured in isolated papillary 
muscles or intact animals or man.?-4-6.14,15 

Fundamental myocardial alterations in hemo- 
dynamic overload: The mechanism of depressed : 
myocardial function in the overloaded heart is un- 
clear. Dilatation and hypertrophy appear to be. 
achieved as a result of increases in the size of the 
myocardial cells through the formation of new myofi- 
brils.16 The individual sarcomere structure appears 
to be relatively normal.17:18 In chronic cardiac dila- 
tation the sarcomere operates near its optimal length _ 
so that very little stretch can be applied at the sar- 
comere level for it to respond further with a Starling _ 
effect.19 New sarcomeres appear to be generated — 
from the Z line region of the myofibril, 17-18 leadin 
to a geometric pattern in which the usual orderly 
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array of the relation of one sarcomere to another, 
and between intercalated discs of adjacent cells, may 
be lost in the hypertrophied or dilated heart. This 
has led some investigators to speculate that there 
may be mechanical slippage within the cell or be- 
tween cells in overloaded hearts. 

The overloaded heart also has an increase in for- 
mation of connective tissue.2° This increase may be 
in part responsible for the decreased compliance and 
increased stiffness observed in ventricles and myo- 
cardium from hemodynamically overloaded 
hearts, 15 It also may be the factor that leads to the 

‘fibrosis seen in the myocardium of patients with 
marked hypertrophy .?!.22 

Numerous biochemical alterations have been ob- 
served in overloaded hearts.?2.23 Perhaps of central 
importance in the decreased contractility of the 
chronically overloaded myocardium is the depressed 
activity of myosin adenosine triphosphatase (ATP- 
ase). Myosin ATPase activity is located in the 
globular heads of the myosin molecule. When actin 
and the myosin head interact, adenosine triphos- 

. phate is hydrolyzed. There is a good correlation be- 
tween the speeds of contraction of a variety of mus- 
cles between or within species and their myosin AT- 
Pase activity.24 In the heart, myosin ATPase activity 
appears to correlate with potential contractility. 

Several other biochemical abnormalities have been 
noted in overloaded myocardium.23 These include 
decreased uptake of calcium by the sarcoplasmic re- 
ticulum, degeneration of the adrenergic nerve end- 
ings, depressed catecholamine stores, and decreased 
enzymes of catecholamine metabolism. The adenyl 

_cyclase-cyclic adenosine monophosphate system has 
also been implicated in myocardial failure.?5 

Energy delivery and mitrochondrial.. metabolism 
are not now thought to be important in the patho- 
genesis of early myocardial failure although later in 
the failure state a diminution in mitochondrial 
mass!9 and depressed function may occur.?% This 
does not imply that energy utilization in the fail- 

-ing heart is normal. Mechanochemical coupling 
(the energy use for myocardial contraction) has been 
reported to be inefficient by some workers,2® but to 
be normal by others.?7 In terms of the whole heart, 

systolic overload causes an increase in wall tension 
during ejection and a proportional increase in energy 

utilization. Diastolic overload causes ventricular di- 
latation and an increased tension for any pressure 
developed during both isovolumic systole and during 
ejection. In both overload situations, the oxygen cost 
of external work will be increased. In addition, total 
myocardial mass, and therefore total energy utiliza- 
tion, is greater in the hypertrophied heart. 

Some of these biochemical changes appear to rep- 
resent a generalized response of the whole myocar- 
dium to an area of selective hemodynamic overload. 
In animals with pure right ventricular overload 
many of the biochemical alterations are found to 
oecur in both the right and left ventricle.28 Thus, it 


is possible that a patient with pulmonary hyperten- 
sion due to mitral stenosis or right ventricular over- 
load from any cause may have biochemical abnor- 
malities that result in depressed left ventricular 
myocardial function. 

Phases of hypertrophy and failure: When evalu- 
ating patients with valvular disease, it is worthwhile 
to consider the stage of myocardial involvement. 
Meerson?? has defined 3 phases of hyperfunction for 
animals with surgically created systolic overload of 
the left ventricle. First there is the “damage phase of 
isometric hyperfunction” during which myocardial 
function and metabolism may be impaired. This 
phase is probably relatively uncommon in man with 
valvular heart disease, because it is the result of 
acute hemodynamic overload. In man, overload and 
its results usually develop more insidiously. The first 
phase most likely to be observed clinically is that of 
“stable hyperfunction.” During this stage, ventricu- 
lar function may be normal, ventricular hypertrophy 
is present and myocardial function (contractility) 
depressed. In the final stage, that of “gradual ex- 
haustion and progressive cardiosclerosis,” there are 
diminished protein synthesis, destructive changes in 
the mitochondria, degeneration of some muscle fi- 
bers and replacement with fibrous tissue. The condi- 
tion of patients with advanced aortic’ valve disease 
and fibrous replacement of myocardium probably 
corresponds to this phase of experimental disease. 
There are probably no sharp delineations between 
the phases of hyperfunction in clinical disease. 

Reversibility of myocardial dysfunction: In 
many instances, surgery will relieve the hemodynam- 
ic burden that was originally responsible for myocar- 
dial dysfunction. Relief of systolic overload will de- 
crease wall tension and energy consumption abrupt- 
ly. Relief of diastolic overload, if associated with a 
reduction in ventricular volume, will also lead to di- 
minished wall tension during systole. Little is known 
about the reversibility of the underlying contractility 
and biochemical defects associated with hypertrophy 
and failure. In rats with marked cardiac hypertrophy 
produced by systolic or diastolic overload, the hyper- 
trophy is almost completely reversed when the cause 
for the dysfunction is removed.2® Reversal of hyper- 
trophy has not been well documented in man, except 
possibly in patients with cachexia.?9 Studies in some 
children with correction of ventricular septal defect 
suggest that when this condition is corrected there 
may be a decrease in left ventricular mass.3° How- 
ever, indexes of left ventricular contractility remain 
depressed in many of these patients. In dogs with 
diastolic overload due to an arteriovenous shunt, left 
ventricular diastolic volume and stiffness are in- 
creased and a greater end-diastolic volume is ob- 
served for any given end-diastolic pressure.? Shunt 
closure is attended by a prompt reduction in end- 
diastolic pressure, a more gradual decrease in stiff- 
ness and a shift of the pressure-volume relation back 
toward normal. However, the diastolic size of the 
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heart does not appear to decrease after closure of the 
shunt. Some patients with aortic regurgitation simi- 


: larly have a decline in left ventricular end-diastolic 
pressure after valve replacement.’ In those with nor- 


mal preoperative indexes of myocardial contractility, 


=- — pressure-volume relations may return toward normal. 


~The condition of patients with depressed contractil- 


eas ity. preoperatively appears not to improve in this re- 


=- gard. Thus, the pressure-volume changes appear to 
be potentially reversible in some cases of hemody- 
namic overload. However, reversal of underlying 
contractility and geometric abnormalities of severely 
dilated or hypertrophied hearts has not been docu- 
mented in clinical states. 

Reversal of the biochemical abnormalities associ- 
ated with hemodynamic overload also has not been 
extensively studied. There appears to be some recov- 
ery of the damaged adrenergic nerve terminals and 
of norepinephrine stores.21 Whether there is rever- 
< sion of any of the other structural or biochemical ab- 

normalities toward normal in hearts relieved of 
~ hemodynamic overload is not known. 
In many cases, the degree of reversibility of myo- 
cardial dysfunction may depend upon the stage of 
_ hypertrophy or failure that is present at the time of 
-surgical correction. The relative predominance of 
“exhaustion and cardiosclerosis” versus “stable hy- 
perfunction” components may. partially determine 
the recoverability of myocardial function. It is prob- 
able that improvement in the mechanical function of 
the myocardium will be slight when dysfunction is 
the result of coronary artery disease, scar formation, 
rheumatic myocardial involvement or any factor not 
directly resulting from hemodynamic overload. 
Clinical significance of myocardial dysfunction: 
It seems probable that patients with severe myocar- 
dial dysfunction will have less salutory hemodynam- 
ic and symptomatic results from correction of a val- 
<o vular disorder than patients whose myocardial func- 
= tion is more nearly normal. However, when myocar- 
dial dysfunction is present, relief of a valvular lesion 
may permit the diseased. ventricle ‘to function with 
decreased systolic or diastolic loads. This can have 
the advantage of improving cardiac energetics (ener- 
gy consumption for external work) and in some cases 
result in decreased ventricular end-diastolic and pul- 
monary venous pressure. The symptoms of left heart 
failure and the pulmonary and right heart complica- 
tions may be alleviated or forestalled. That symp- 
toms are alleviated even'in the absence of recovery of 
myocardial function is evidenced by the improved 
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New York Heart Association classification in the 30 : 
patients with no change in angiographically deter-. _ 


mined ventricular function.! The higher values for _ 
cardiac output with no change in end-diastolic pres- 


sure suggest a shift toward a more normal ventricu-' > 
lar function curve in these patients. Similarly, in pa- - 
tients with aortic regurgitation, valve replacement: — 


may be associated with an improvement in the end- _ 
diastolic pressure-cardiac output relation with no: 
observed change in myocardial mechanical function:? 
By decreasing the hemodynamic load on the abnor __ 





mal ventricle, it is also possible that progression of — 
myocardial dysfunction may be halted or slowed. ae 
The physician must consider whether the ‘in- 


creased risks of surgery, and the prospect that the | 


patient. will not have an excellent hemodynamic sur- 
gical result, should completely preclude the surgical 
approach. Marked cardiomegaly, pulmonary hyper- 
tension and congestive involvement of vital organs 
increase the risks of surgery, particularly in mitral 


valve disease.*? On the other hand, the reported se- 


ries of patients with aortic and mitral valve replace- 
ment suggests that prosthetic valves in general im- 
prove ventricular, if not myocardial, function. In | 
large series, valve replacement appears to prolong — 
life.33-36 From our present knowledge it would seem 
that the chance of the myocardial factor being a risk 
factor is greater in patients with rheumatic mitral- 
disease than in patients with aortic valve disease. 1-13. 
To gain more useful clinical information on this. 
subject, patients will have to be carefully categorized 


on the basis of underlying valvular lesion, systolic _ 
versus diastolic overload, ventricular hypertrophy 


versus hypertrophy and dilatation, precise evalua- c 
tion of tension, velocity and shortening characteris- 


tics of the ventricle, myocardial involvement without 


either hypertrophy or dilatation (as in mitral steno- 
sis), and the stage of hyperfunction that predomi- 
nates. in the ventricle. When patients are separated 


according to these characteristics, the risks and ben- _ 


efits of surgery versus the risks and benefits of medi- 
cal management can be compared more meaningful- 
ly. . 
It is important to gain a fuller understanding of 
the structural and biochemical abnormalities that- 
are responsible for dysfunction of the hypertrophied 
or failing myocardium and their possible reversal. 
Knowledge of these factors will help solve the clinical 
dilemma raised by the failure of mechanical myocar- 
dial function to improve when valvular disease has 
been alleviated. 2 
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terone builds up. 


7 cost to your patient—22¢ or 11¢ per day— 
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edema due to secondary hyperaldosteronism and edema resistant to 
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Warnings: Observe regularly for possible blood dyscrasias, liver dam- 
age or other idiosyncratic reactions, Blood dyscrasias have been 
reported. Check BUN and serum potassium periodically, especially in 
the elderly, diabetics, and those with suspected or confirmed renal 
insufficiency. Use in pregnancy only when essential to patient welfare. 
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(published list price) plus average dispensing 
charge. Cost per capsule will vary with pre- 

scription size, and from one pharmacy to | 
another depending on location, purchasing 
and pricing practices, and additional services 
provided. . ae 
augments the effects of other diuretics—com- __ 
bined with another diuretic, ‘Dyrenium’ can 
augment diuresis and natriuresis with lower _ 
doses of each agent. ae 





concurrently; if they are, however, frequent serum potassium determi- 
nations are required. 


Precautions: if hyperkalemia develops, withdraw the drug. The follow» 
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Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium deplet on in cardiac patients. 
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occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
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milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
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American Optical: : 
Electrocardiography instruments 
that go where you go. 


The CARDIOSCRIPT IV single channel electrocardiograph is 
designed to go everywhere it’s needed. Rechargeable battery, full 
accessory complement plus convenient carrying case put this 
outstanding instrument to work in the office, in the ambulance, on 
the ward, or in any other area where diagnostic ECG’s are of 
importance. And the performance is great: extremely high 
frequency response with the ability to record heart sounds and 
external pulses by themselves or with ECG R-wave super- 
imposed. No heat or ink is necessary and the operating 
costs are minimal. 
The superb engineering and craftsmanship are your 
assurance of performance and reliability. The CARDIO- 
SCRIPT IV is a truly portable, precision electro- 
cardiograph. For complete data on this and other 
advanced multi-channel electrocardiography and 
phonocardiography instrumentation, contact 
The Medical Division, American Optical 
Corporation, Crosby Drive, Bedford, 
Massachusetts 01730. 
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Increased longevity in the new generation 
of Vitatron Medical pacemakers. 


Vitatron Medical announce their 
new series of highly reliable and elec- 
tronicly advanced pacemakers manu- 
factured to the smallest available size. 

Because of automatic energy com- 
pensation there is no need to replace 
a Vitatron pacemaker due to battery 
failure until slowing pacemaker rate 
is physiologically undesirable. 


The relationship between patient thres- 
hold and total pacemaker output can be 
confirmed at any time. 


For detailed technical information write: 
Vitatron Medical N.V. 

P.O. Box 76, NL 6210 Dieren, Holland. 
Vitatron Medical Inc., 

MILTON, Mass. 02186 (USA) 


The longevity of most models is 
increased because the batteries remain 
unconnected to the circuitry until im- 
plantation. The pacemakers are com- 
pletely analysable allowing: determi- 
nation of relative and absolute stimu- 
lation threshold; calculation of safety 
margin during and after implantation 
by simple external monotoring. 

Two of the on-demand pacemakers 
offer hysteresis circuitry thereby ad- 
ding to longevity and better physiolo- 
gical pacing. 
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bureau IPS rotterdam 


Vitatron 
Medical offer: 





Implantable 
pacemakers: 


e providing highly stable 
electronics for extremely 
accurate photo-analysis. 

e providing direct rela- 
tionship between battery 
voltage decay, rate decli- 
nation and imulsing dura- 
tion. 

e providing a direct rela- 
tionship between the im- 
pulse plateau length and 
electrode circuitresistance. 
e providing advanced de- 
sign for protection against 
external interference sig- 
nals and microwave inter- 


*»TRIPLEXTERN” 
external pacemaker 
type MEP 300 
Featuring: 

e Asynchronous pacing. 
e On-demand hysteresis 
pacing. 

e R-wave synchronous 
pacing. 

It provides: 

e Multimode operation. 

e Quick, simple and highly 
reliable electrode connec- 
tion. 

e Highly stable electronics 
extremely suitable for sti- 
mulation threshold and R- 
wave sensitivity measure- 
ment. 

e Complete shielding for 


Unique unipolar intra- 
cardial electrode: 


Type MIP 2000 for per- 
manent transvenous 
stimulation. This elec- 
trode has a unique me- 
chanism (patent ap- 
plied for) for actual 
fixation of the electro- 
de to the endocardium. 
This prevents all dislo- 
cation problems. 








ference. 

e providing quick modern 
electrode connection re- 
quiring no insulation fluid, 
accepting every electrode. 
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protection against exter- 
nal electrical interference. 
e Switches over to asyn- 
chronous. stimulation, if 
AC interference signals 
exceeds interference thres- 
hold. 








For detailed technical information write: 


Vitatron Medical N.V. 


P.O. Box 76, NL 6210 Dieren, Holland. 


Vitatron Medical Inc., 


MILTON, Mass. 02186 (USA) 
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Lowest 
sodium 
content 
of the 8 
leading 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 
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Also available in 
Chew and Swallow Tablets 


‘Ayerst. AYERST LABORATORIES 
New York, N.Y. 10017 
*Adapted from Penna, R. P.: Antacids, in Hand- 


book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 





If you could see what 
aldosterone is doing 
in your essential 


hypertension patients... 





=——=— 











Hypertensive patients appear to overreact to 
aldosterone. While aldosterone normally helps 
regulate blood pressure levels,'? it produces a 
greater increase in vascular reactivity in hyperten- 
sives than in normotensives.? Thus “. .. normal 
production of aldosterone in patients with sustained 
hypertension may represent inappropriately high 
levels in relation to their hypertension.’ 


A significant percentage of patients with essen- 
tial hypertension may have elevated aldosterone 
secretion levels. 


An increase in aldosterone secretion often 
follows treatment with thiazides. 


Potassium depletion often follows the secondary 
aldosteronism induced by thiazides. 
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..youd see the reasons for 
starting antihypertensive 
treatment wit 





spironolactone 25 mg. with 
hydrochlorothiazide 25 mg. 





E Spironolactone is the only available direct 

” competitive aldosterone antagonist—and it ap- 

pears to block the action of aldosterone wherever 
aldosterone acts in the body.** 


With ALDACTAZIDE, your patient benefits from 

’ additive antihypertensive actions. The antihyper- 
tensive effects of spironolactone and hydrochloro- 
thiazide are approximately equal,’ but are based 
on different physiologic mechanisms.*? 


It is important to note in this respect that triamterene 
has little or no antihypertensive action. 


* Special advantage for the hypertensive patient 
with potential diabetes or gout—Unlike thiazides, 
spironolactone lowers blood pressure without 
altering glucose or urate metabolism. In 
ALDACTAZIDE, the combination often permits a 
reduction in the dose-related hyperglycemic or 
hyperuricemic effect of the thiazide component. 


With ALDACTAZIDE, spironolactone helps 
maintain potassium balance. Potassium loss due 
to the thiazide component is minimized or 
eliminated. 


* Special advantage for the digitalized hypertensive 
patient—Preventing potassium loss is especially 
critical in order to avert digitalis toxicity. Aldactazide 
should be given cautiously to patients with elevated 
serum potassium levels. Periodic determinations 
of serum potassium will guard against the possi- 
bility of either hyperkalemia or hypokalemia. 





The neğative power of clinically significant anxiety 
angina pectoris.. ` 


is living 





_ During anginal attacks, patients may suffer intense 
_ apprehension. More frequently, however, they experience a 
continuing sense of less severe but nonetheless dispropor- 
tionate anxiety. 
_ Reduction of such clinically significant anxiety is 
_ important, since undue emotional stress may precipitate 
further anginal episodes. 







Adjunctive Librium (chlordiazepoxide HCl) may be Before prescribing, please consult complete product 
ae ; 2 ' ed ore information, a summary of which follows: 
-especially suitable for relief of clinically significant rane : 
RG d . l inher . % Indications: Relief of anxiety and tension occurring alone or 
anxiety and emotional tension in anginal patients accompanying various disease states, 
because of its generally prompt therapeutic effective- Contraindications: Patients with known hypersensitivity to the 


ces ' ¥ A rag. 
x fess and wide margin of sa fety. Ina recent double-blind Warnings: Caution patients about possible combined effects with 
randomized study,* Librium (chlordiazepoxide HCI) alcohol and other CNS depressants. As with all CNS-acting drugs, 
: asadmin df lief of niod . “120 caution patients against hazardous occupations requiring com- 
vas administered for relief of moderate anxiety in plete mental alertness (¢.g., operating machinery, driving). Though 


anginal patients seen inoffice practice over a 20-week physical and psychological dependence.have rarely been reported 
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Bs : symptoms (including convulsions), following discontinuation of 
anxiety were rated at base-line, one week, two weeks the drug and similar to those seen with barbiturates, have been 
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of skin eruptions, edema, minor menstrual irregularities, nausea 
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adj unctive dosage reduction; changes in EEG patterns (low-voltage fast 
J activity) may appear during and after treatment; blood dyserasias 
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ANXIETY OR STABLE ANGINA PECTORIS? 


DIFFERENTIAL DIAGNOSIS OF ANXIETY 
AND STABLE ANGINA PECTORIS 

































ANXIETY PARAMETERS | STABLE ANGINA PECTORIS 
over left over sternum, 
chest or often spread- 
variable ing across 
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or emotion, emotion, 
but often patiner oe 
none ay weather, 
va PRECIPITATING lying down 
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sublingual 






nitrates 


FACTORS 
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normal, or a 

ostexercise 
functional ELECTRO- 

-poin 
depression CARDIOGRAM transient 
of S-T segment S-T segment 
as seen in many depression 


healthy persons and not 


Saimi ; (flat or downsloping), 
significant of coronary disease 


disappearing with relief of pain 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS”... 


- provide prophylaxis 
against anginal 
attacks often caused 
by unavoidable 
everyday stress 


reduce the severity 
and frequency of 
angina pectoris attacks 


ISORDIL 


(ISOSORBIDE DINITRATE) 


SCORED, ORAL TABLETS: 5 mg. and 10 mg. 








* Indications: Based on a review of this drug 
by the National Academy of Sciences—National 
Research Council and/or other information, 
FDA has classified the indication as follows: 
“Possibly” effective: When taken by the oral 
route, Isordil is indicated for the relief of an- 
gina pectoris (pain of coronary artery disease). 
It is not intended to abort the acute anginal 
episode, but is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 
Final classification of the less-than-effective 
indications requires further investigation. | 








Contraindication: Idiosyncrasy to this drug. 


Warnings: Data apong the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you eet, detailed information 
and/or professional samples? 
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DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 


LETTERS TO THE EDITOR 





SURGERY FOR CORONARY ARTERY DISEASE 


Despite a quarter-century of uneasiness by nonen- 


_thusiasts, poorly substantiated claims of benefit from in- 
ternal mammary artery implantation persist.12 A useful 
emetic is the recent report of Langston et al. in this Jour- 
nal. Similarly, the appearance of evidence of myocardial 
damage and functional deterioration after aortocoronary 
bypass* may begin to check the stampede in that direc- 
tion. The lesson must be that we need to know whether 
` any treatment, medical or surgical, really works (and for 
whom) before its wholesale application. For this, appro- 
priately designed, controlled clinical trials provide the 
most and perhaps the only objective answers and provide 
them most efficiently. A documented case for controlled 
trials of myocardial revascularization has been made else- 

where® and need not be pursued in detail. 
A little understood, though fundamental value of con- 


trolled trials of therapy is their efficiency. By bypassing 


(without neglecting) the question of how a treatment 


-co works, they tackle head-on the immediate problems of 


> whether it works and, through stratification, for whom. 

“Although it is vital to know the mechanics of claimed 
“benefit for any therapy, the first order question is whether 
there is, in fact, benefit. Thus, for example, we finally 
realized by means of controlled trials that anticoagulant 
agents failed to solve the problem of myocardial infarction 
well before we found out the errors of our notions of their 

“obvious” mechanism of action; that is, they do not affect 
platelet thrombi and, in any case, infarcts may “‘paradoxi- 
cally” cause thrombi just as the reverse may be true. Sim- 
ilarly, controlled trials of angina therapy regularly confirm 
the superiority of nitroglycerin to placebo in most pa- 
tients. Yet we now know that nitroglycerin is not mainly 
(if at all) a dilator of sclerotic coronary arteries and that 
its major action appears to be peripheral to the heart, The 
point here is that. we can prove that nitroglycerin works 
“and that anticoagulant agents fail irrespective of the ac- 
- curacy of our data on their mechanisms of action. And we 
. ean do this only by controlled trials. A controlled design 

“aims. to examine all benefits and all harm to give us the 
primary answer we need—the net result (good minus 
harm), whether mechanisms of assumed benefit are well 
known, unknown or misunderstood. (Meanwhile, the labo- 
ratories can work on the precise mechanisms.) Even if 
occasional patients can be shown to be in improved condi- 
tion after implantation, without control studies, we can 
now reflect on 25 years of apparently unnecessary dam- 
age? owing to the procedure. 

Bypass surgery is assumed to differ radically from im- 
plant surgery—-because its mechanism of action is “‘ob- 
vious.” We earnestly wish this to be so, because the fun- 
damental failure of medical therapy is freely acknowl- 
edged.5 Yet the mechanisms of anticoagulant agents and 
our former notions about nitroglycerin were equally ‘“ob- 
vious” until we looked closer. Bypass surgery may indeed 
be successful for some patients; it clearly harms others.4 
We desperately need to know which patient group is 
which. Had the large-volume implant “factories” per- 
formed controlled trials we might have had that answer 
long ago. It is now up to the bypass “factories” to do this. 
Failing that, their oral and written reports must be con- 
sidered technical communications. 

Perhaps, more physicians and surgeons can be brought 


kicking and screaming into the twentieth century. Per- 
haps not. The inefficient method of “trial and error” has 
begun to disestablish implant surgery. Clearly hospital 
trials committees and the Food and Drug Administration ©... 
appear uninterested in surgical treatment. Journal review-.. 
ers properly reject uncontrolled trials of new pills and in- 
jections. They are morally and ethically bound to provide. 
no lower standards for all kinds of therapy. The last line 
of defense is our journals. We must fervently hope that 
they will rise to the challenge. 

David H. Spodick, MD 

Department of Medicine 

Tufts University School of Medicine 


Lemuel Shattuck Memorial Hospital. 


Boston, Massachusetts 
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THE WEED SYSTEM 


The Weed system, as advocated so fervently by Dr. J. 
Willis Hurst in the Journal (Amer J Cardiol 29:889-891, = 
1972) and elsewhere, is doubtless a worthy tool for the 


achievement of certain limited ends. But, like so many | 


worthy things, it has now become a great bore, and I be- 
lieve that it is high time that someone said so. When the 
system becomes an end in itself, we reach the point at. 
which we should really stop and think before we are car-. 
ried away by the beautiful obsessionalism of the. whole 


thing. It is good to have the family accounts in order, and | 
perhaps a‘ useful discipline, but when the husband and” | 
wife cease to talk to each other because they are so busy 


keeping the accounts, we reach the point of some farce. : 

More serious, perhaps, is the fact that it has become 
clear that in certain centers of education the young doctor = 
who does not toe the party line in regard to the system 
puts his career in jeopardy—the antithesis of the finer 
systems of education which may be observed to. exist else: | 
where, and something that I think William Osler would 
not condone. Finally, I have some doubts that it is proper 
for individuals—particularly if they are officers—to use 
the prestige of large organizations such as those which Dr. <> 
Hurst mentions, including the American College of Cardi- -< 


ology, to ride their own hobby horses. By all means let us 


appreciate Dr. Weed’s contributions, but let us now put 
them back into some more reasonable perspective. 


Hywel Davies, MD, FACC Eo 
University of Colorado Medical Cemer = 
Denver, Colorado : 


P.S. I came across a worried young intern the other day, 
and asked him what the trouble was. He told me that he 
had a problem. When I asked what it was, he said that he 
was having great difficulty in deciding whether to make 
right axis deviation a Problem. 
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HYPOPLASTIC LEFT HEART SYNDROME 


‘Doctors Saied and Folger have certainly made a signifi- 
“cant contribution in their article in the Journal con- 
cerning the hypoplastic left heart syndrome (Amer J Car- 
diol 29:190-198, 1972). They point out correctly that the 
condition of newborns with the hypoplastic left heart syn- 
“drome with low pulmonary vascular resistance deterio- 
rates much more rapidly than that of newborns with high 
‘pulmonary vascular resistance; however, as pointed out in 
my article of 1970, the spectrum of anatomic and physio- 
logic abnormalities in these babies is much broader than 
their article indicates. My experience with so-called 
“group IT’ babies is certainly not similar to theirs in 
“terms of the ductus always remaining patent. In fact, I 
have never seen this happen: and it may be that the con- 
fusion lies in the fact that the in vivo size of the ductus 
bears very little relation to the in vitro or autopsy status 
of the ductus. They also state that the patient I described 
in 1970 had aortic stenosis and a ductus arteriosus. My 
patient indeed had a more complicated lesion than that 
and clearly was a baby with the hypoplastic left heart 
syndrome with a small left atrium and quite a small left 
- ventricle. It is also important to point out that the pallia- 
“tion that my patient had has indeed been effective. She is 
now almost 3 years of age and is essentially symptom-free. 


Glen G. Caylor, MD 
Sacramento, California 


THE AUTHORS REPLY 
i 


In. cur communication we defined the hypoplastic left 
heart syndrome as aortic and/or mitral atresia with in- 
tact ventricular septum and normally related. great arte- 
ries. We limited our report to patients meeting these cri- 
teria since they invariably have a minute, nonfunctional 
left ventricle, incapable of maintaining systemic circula- 
tion. We believe that the inclusion of all degrees of hypo- 
plasia of the left side of the heart in the spectrum only 
creates more confusion among pediatricians, cardiologists 
and surgeons. We believe Dr. Cayler’s case was properly 
treated and proves that increasing pulmonary resistance is 
beneficial for these infants. Certainly our experience with 
patients from group II is different from his, so is the expe- 
rience of others (see the references in our article) who did 
not have in their material any patient whose death was 
due to closure of the ductus. We are not aware of any such 
case reported yet. 


Abraham Saied, MD 

Division of Cardiology 

Social Security Hospital 
Panama, Republic of Panama 


H 


The likeness between the case so beautifully managed by 
Dr. Cayler and his associates and our cases is obviously in 
our experience not as clear-cut as Dr. Cayler might 
suggest. As Dr. Saied has amply pointed out, in the case 
of Dr. Cayler, there was, although underdeveloped, a 
functioning: left ventricle. Perhaps more important was 
the hemodynamic finding of obvious inadequacy of the 
ductus arteriosus which was found in none of our cases. 
We certainly believe that when such inadequacy is found, 


using the approach. to the problem emphasized by Dr. 
Cayler, creation of an artificial ductus would be mandato- 
ry. However, as we stated, and is interestingly apparent 
from Dr. Cayler’s report, evidence of progressive loss of 
functional integrity of the ductus in our cases as well as 
those of other investigators is lacking. Thus, until further 
experience dictates, we would stand firm in our conviction 
that ductal integrity appears to be the rule in these indi- 
viduals, and that the routine creation of an artificial 
ductus, adding very significantly to the surgical procedure 
in these intensely ill infants, appears unnecessary. 


Gordon M. Folger, Jr., MD 
Division -of Pediatric Cardiology 
Henry Ford Hospital 
Detroit, Michigan 


FAMILIAL CONDUCTION DISTURBANCE 


In a recent article in this Journal, Sarachek and Leonard! 
suggested that lesser degrees of heart block may appear in 
individual members of some families who may later expe- 
rience complete heart block. They implied that some fa- 
milial arrhythmias may represent a transition between the 
congenital type and that acquired in adulthood. 

We are currently following up 6 children from 1 family, 
5 of whom have persistent electrocardiographie abnor- 
malities of unknown origin. 


FAMILY Da 


RD is a well 13 year old girl without. electrocardio- 
graphic, roentgenographic or physical abnormalities. 

GD is a 15 year old asymptomatic girl without physical 
abnormalities. Chest roentgenogram is normal. The elec- 
trocardiograms revealed a wandering atrial pacemaker. 

DD is an asymptomatic 16 year old boy. Blood pressure 
was 138/80 mm Hg. A grade.1/6 short. systolic ejection 
murmur was heard at the left base. The remainder of the 
physical examination was normal. Heart rate in the su- 
pine position was 68/min with a prolonged P-R interval 
(0.26 second). Upon standing the rate increased to 77/ 
min, and the P-R interval decreased to 0.23 second. 

FD is a 17 year old male athlete. Physical examination 
revealed a grade 2/6 soft, short, systolic ejection murmur 
in the second left intercostal space without radiation. The 
heart rate was 55/min and regular. The electrocardiogram 
demonstrated sinus bradycardia (57/min) and first degree 
block (P-R interval 0.28 second) with the patient in the 
supine position. Upon assumption of the upright position, 
the rate increased te 72/min and the P-R decreased to 
0.22 second, but returned to the values obtained in the su- 
pine position within 3 minutes. 

SD is a 19 year old male high school track athlete. 
Physical examination revealed a grade 2/6 short systolic 
murmur heard at the left base without radiation. The 
heart rate was slow and irregular. The electrocardiogram 
revealed a sinus rate of 67/min, prolonged P-R interval 
(0.21 second) and intermittent. Wenckebach phenomenon 
(Mobitz type I). The QT. interval was within normal 
range in the supine position but became prolonged upon 
standing (0.461 second). The P-R interval in the standing 
position was. normal for rate. The QT. interval returned 
to normal within 3 minutes of assumption of the standing 
position. 

AD is an asymptomatic 22 year old woman. Her physi- 
cal examination was normal.’ The electrocardiogram dem- 
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onstrated a prolonged QT. interval of 0.453 second (heart 
<- tate 73/min). Upon standing the QT. interval increased 
_ to. 0.581 second, and the rate increased to 95 /min. 

_ED is the 41 year old mother of all the children. Physi- 
cal examination, chest roentgenogram and electrocardio- 
gram were normal. 

. The father was unavailable for examination. The family 
_ history is negative for syncope, dyspnea or sudden death. 
“There have been no. childhood deaths. Neither the mother 
nor the children have hearing deficits. Serum electrolytes 
were normal in all. 

The decrease in P-R interval upon assumption of the 
“upright position has been previously described? and ap- 
pears to be a characteristic of this form of block. This 
kind. of reaction does not rule out underlying heart dis- 

ease. Although nonfamilial isolated first degree atrioven- 
tricular block is an apparently benign lesion,? the progno- 
-sis for. more advanced degrees of block appears to be less 
favorable. There is some suggestion that second degree 
heart block and perhaps other types of familial block may 
be progressive, L4 
>) Families with prolonged QT. interval without deafness 
«have been described, and an autosomal dominant pattern 
of inheritance suggested.5 Family Da suggests that herita- 
ble Q-T interval prolongation may be accompanied by 
“© other types of ‘electrocardiographic abnormalities in sib- 
tings. The finding of prolonged QT, or familial first de- 
gree heart: block warrants electrocardiographic study of 
siblings in search of potentially progressive dysrhythmias. 
oe Robert Klint, MD 
Antonio Hernandez, MD 
Marshali Bloom, MD 
St. Louis Children’s Hospital 
St. Louis, Missouri 
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a THE AUTHOR COMMENTS 

“It is with interest that we read this description of a family 
which exhibits 2 familial electrocardiographic abnormal- 
ities, heart block (first degree and Wenckebach) and Q-T 
prolongation. 
-Atrioventricular conduction has not been studied in 





detail in families with Q-T prolongation although several 
observers have suggested that it is normal. +2 However, | 
review of a study by James? reveals that 2 of the 42 family. 
members who had electrocardiograms had first degree 
block. Their P-R intervals were both 0.28 second, Careful. 
examination of the conduction system was performed ina- 
member of a family with Q-T prolongation who died sud- 
denly at age 18.4 His P-R interval was not reported. Chron- < 
ic findings consisted of a thickened fibrotic artery in the 
His bundle and degeneration of the left bundle branch: 
Similar examinations in 2 other cases of the surdocardiac 
syndrome with normal P-R intervals revealed slight thick- 
ening of a few small arteries of the atrioventricular node in 
1 and no chronic changes in the other. 

Of interest also is the wandering atrial pacemaker found 
in family member GD. This abnormality, as well as sinus. 
arrest, has been found in individual patients with the surdo- 
cardiac syndrome? as well as in patients known to have this 
syndrome on a familial basis.? Postmortem abnormalities _ 
of the sinoatrial nodal artery (hypertrophy of the tunica’. 
media with narrowing of the lumen) and infarction of the’. 
perisinoatrial nodal region have been found in 2 cases of 
this. syndrome and may explain the sinus nodal problems. 

It might be noted that the familial heart block in the 
family presented is probably of the adult-onset type since. 
the family members were in their teens and exhibited first 
and second degree block.® oy 

Our article focused on the relation between ‘familial 
sinoatrial and atrioventricular nodal abnormalities.® Klint’. 
et al. suggest that familial Q-T prolongation may be relat- 
ed to these and present a family manifesting Q-T, atrioven- 
tricular and, perhaps, sinoatrial disorders. The clinical and 
postmortem data presented support this relation, and fur- R 
ther work may validate and delineate it, 


Norman S. Sarachek, MD 
University of Pennsylvania Cardiology Service 
Philadeiphia Veterans Administration Hospital 
Philadelphia, Pennsylvania 
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BOOK REVIEWS 


< -From Cardiac Catheterization Data to Hemodynamic Pa- 
: rameters, by S.S. Yang, L.G. Bentivoglio, V. Maranhao 
and H. Goldberg., Philadelphia, F.A. Davis, 1972, 


-This fine, compact monograph starts slowly, but gathers 
“strength as it moves impressively from a discussion of ele- 
mentary hemodynamics to a sophisticated analysis of cur- 
- rent methods used in characterizing the heart in terms of 
“the force-velocity relation of the myocardium. The au- 
thors have included a wealth of technical “how-to” detail, 
“essential to those who accumulate hemodynamic data and 
“© are required to evaluate their practical significance. How- 
< ever, many of the complicated formulations, such as the 
_ differentiation of combined mitral stenosis and insuffi- 
< ciency from predominant stenosis, have been rendered ob- 
 solete by left ventriculography. Short sections on apex- 
< and echocardiography. are well illustrated and clearly ex- 
plained, and presentation of the techniques for determina- 
tion of stroke volume by biplane angiography is fully de- 
~ tailed. 
Of special note is the section on the methods used to as- 
“sess ventricular function, including systolic time intervals, 
ventricular volume and ejection fraction, indexes of ven- 
tricular contractility based on force-velocity curves, myo- 
cardial oxygen consumption and the mechanical efficiency 
of heart muscle. Extrapolation of data obtained from iso- 
lated papillary muscle to recently reported work on intact 
subjects has not been included. 
The authors thoughtfully point out that classic hemody- 
namic measurements have failed to characterize fully the 
¿functional impairment of the myocardium, since normal 
“pressure and blood flow relations may be maintained in 
patients with myocardial failure at the expense of cardiac 
dilatation and increased wall tension and myocardial oxy- 
gen consumption. Newer techniques that quantitatively 
describe the performance of the cardiac pump in terms of 
myocardial mechanics are succinctly described. In the 
context, a critical analysis of the validity of the concept of 
Vmax and other indexes of myocardial contractility is pre- 
sented. 

The uninitiated will find a depressingly large number of 
complicated mathematical equations throughout the text 
and appendix. However the adequate discussions of such 
subjects as cardiac volume and output, assessment of val- 
vular stenosis and insufficiency, and the evaluation of 
<- ventricular function make this volume a valuable contri- 


‘o bution to the library of any physiologically oriented car- 
~~ diologist. 


Howard L. Moscovitz, MD, FACC 
New York, New York 


= Traumatic Injuries of the Heart and Great Vessels, by 
Panagiotis N. Symbas, MD. Springfield, Ill, Charles C 
Thomas, 1972, 188 pages 


The unprecedented progress in travel has brought about a 
definite increase in the incidence of traffic accidents. In 
densely populated urban areas, the increase in violence is 
the other major cause of traumatic injuries. This volume 
is thus a timely contribution to better understanding and 
management of such injuries to the heart and great ves- 
sels. This book complements the available literature on 


trauma of the chest in general and focuses on the injuries 
that are most letha!. The author begins by categorizing 
the various traumatic lesions as to origin and anatomic 
site. The classification under penetrating and blunt trau- 
ma is useful. Specific injuries are discussed in an orga- 
nized fashion, with discussion of the historical background 
and emphasis on the pathophysiologic and clinical find- 
ings, diagnosis and treatment. The pathophysiologic cor- 
relation, for example, is demonstrated by the explanation 
of the mechanisms of traumatic rupture of the aorta. 

The presentation is lucid. The author approaches the 
injured patient in a logical manner. Urgent priorities — 
establishment of the airway and treatment of cardiac 
tamponade—are treated first; hypovolemia and hemo- 
pneumothorax are handled promptly. The author advocates 
early operation, a view shared by experienced surgeons in 
the field. Unnecessary delay invites potential catastrophe 
and increased mortality. The author cites cases from his 
sizable experience to stress relevant guides in diagnosis 
and treatment. In the chapter on penetrating wounds of 
the heart, he discusses 80 patients treated at his institu- 
tion. Pericardiocentesis had good and lasting effect in 
only 19; the remainder required thoracotomy because of 
cardiac arrest, massive bleeding, recurrence of tamponade 
or negative pericardial tap. The use of temporary local by- 
pass utilizing a plastic tube in the repair of the descend- 
ing aorta may be helpful. The chapters on myocardial 
contusion and projectiles of the heart are interesting. 

Physicians involved in the care of this type of patient 
must be prepared to handle the most severe problems and 
to act decisively. : ' ; 


Manuel R. Estioko, MD 
New York, New York 


The Disorders of Cardiac Rhythm, by Leo Schamroth, 
MD. Philadelphia, F. A. Davis, 1971, 654 pages, $42.00 


With increasing use of cardiac monitoring systems—-and 
the resultant awareness of the frequency and complexity 
of cardiac arrhythmias—some familiarity with the mecha- 
nisms of these disorders becomes almost mandatory. A 
combination of scholarly exposition and stimulation to 
further readings in the field.are qualities that recommend 
this volume to both the neophyte and the seasoned car- 
diologist. The sections on basic anatomy and electrophys- 
iology provide an abundance of carefully pruned, perti- 
nent information. These sections are handled in a way 
that informs yet does not divert from the author’s primary 
goal. 

The volume is divided into two books; Book I is con- 
cerned with disorders of impulse formation and conduc- 
tion and provides the great body of classic, didactic mate- 
rial. In turn, each area of myocardium that can assume 
pacemaker function, and its attendant effect on the elec- 
trocardiogram, is lucidly discussed. In addition, we are 
provided with ready reference to the “breakthrough” 
studies and the most extensive.review papers in the par- 
ticular field. In this section, too, we find an excellent dis- 
cussion of conduction abnormalities, again well ref- 
erenced. 

Book II consists of a wealth of electrocardiographic con- 
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undrums ably discussed with accompanying diagrammatic 
drawings. 
“Of especial value to the cardiologist who is fortunate 
‘enough to be exposed to the constant questioning of phy- 
-Sicians in training are the correlative essays. The diagno- 
sis of ventricular tachycardia, evolutionary mechanisms of 
_. fibrillation, parasystole and concealed extrasystoles re- 
“ceive special attention. In the area of conduction abnor- 
`< malities, the essays. on reciprocal rhythm, Wolff-Parkin- 
son-White and related syndromes, “supernormality,” the 
Wedensky phenomena, Wenckebach and concealed con- 
duction rank with the best in medical writing. 

Dr. Schamroth shares with us his wide experience at 
the bedside in sections on the arrhythmias associated with 
myocardial infarction, digitalis administration, thyrotoxi- 
cosis and carditis. The management of these is briefly dis- 
cussed. 

One drawback is the omission of the recent work on His 
bundle tracings and the light they have shed on the com- 
plexities of conduction. Concerning the treatment of third 
degree atrioventricular block, I would opt for early inser- 
tion of pacemaker electrodes, rather than awaiting the 

= demonstration of ectopic pacemaker instability or the fail- 
oe ure of drug therapy. 
hh essence, this is. a volume worth owning. 


Arthur C. Weisenseel, MD 
New York, New York 










me Prosthetic Replacement of the Aortic Valve, by L.R. Sau- 

» vage, MD, R.F. Viggers, MS, K. Berger, MD, S.B. Robel, 

MS, P.N. Sawyer, MD and S.J. Wood, MD. Springfield, 
“II, Charles C Thomas, 1972, 217 pages 


The essential message of this monograph may be epito- 
‘mized by Sir Francis Bacon’s remark, “We cannot com- 
mand nature except by obeying her.” Written by 3 sur- 
geons, 2 engineers and a pathologist, the 5 chapters faith- 
fully follow the preface’s guiding credo: “This work repre- 
‘sents’ an effort to understand the body’s natural healing 
reactions so that cardiovascular prostheses constructed for 

_ use in man will work in harmony with these reactions 
> rather than against them.” Logically, the book begins 
with a study of the structural mechanics of the aortic 
valve. Data are presented in support of the thesis that the 
“natural tri-leaflet aortic valve is an exquisite engineering 
“masterpiece. Far from being relatively simple, aortic val- 
< ovular structure and function are shown to be the result of 
the interplay of forces involving leaflets, aortic wall and 
sinuses as they respond to the moment to moment 
changes in fluid dynamics. Particularly important is the 
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demonstration of the nonuniform and highly elastic na- 
ture of aortic leaflets. The implications of these and other: 
critical requirements in the failure of prosthetic leaflet 
valves is discussed in detail. There follows an interesting 
chapter which considers the fluid mechanics of the normal 
cardiovascular system. Hydraulic alterations and energy . 
losses are reviewed for the normal valve, stenotic and re- =" 
gurgitant lesions and various designs of currently. avail- 
able prosthetic aortic valves. Although written by an engi- 
neer, the chapter is sufficiently descriptive to be readily... 
understood by those without an extensive quantitative 
background. There is a superb review of the nature and 
character of the healing of encapsulable parts of cardio-.. | 
vascular prostheses. The importance of species difference 
in healing is emphasized, and there is documentation that © 
healing in man is slower than in animals, erratic and | 
often incomplete. Photographs of gross pathologic materi- = 
al and photomicrographs are of excellent quality and nice 
ly complement the text. The electrochemical nature of the 
surface of candidate prosthetic materials is discussed with _ 
particular. reference to thrombogenicity, blood element... 
destruction and durability of the materials. These are im- 
portant concepts and are lucidly presented. A final chap- = 
ter by Sauvage and Wood briefly reviews the present 
“state of the art” of valve replacement and then uses the 
experimental and clinical observations recorded in earlier. | 
chapters as a rational basis for the presentation of an ime 
proved aortic valve prosthesis. Technical details of experi- 
mental implantation of valves in the calf are described o 
and healing patterns and thromboses of various experi- © 
mental and clinically implanted prostheses are compared. 
Finally, there is a summary of the clinical experience. of- 
the authors with their guided flow, limited fabric aortic 
ball valve prosthesis. 

The book is well written and represents more than a 
decade of careful work by the authors. Some of the mate. — 
rial has been previously published, but the ideas have. 
been updated and presented in a logical manner which al 
lows the reader who might not be an active investigator in. 
this area to understand intelligently the basis for current 
developments in prosthetic valve replacement. The refer- 
ences are well selected. Valuable, too, are the well written. 
brief summaries at the end of each chapter which stress 
key points. 

This monograph will be a significant addition to the. li- 
brary of anyone involved in cardiac medical or surgical. 
practice and research, particularly those who are active in’ _ 
prosthetic valve development. ee 


















Robert S. Litwak, MD, FACC 
New York, New York 











_ REVIEWS IN CARDIOLOGY* 





: A Cooperative Program of the American College of Cardiology and the National Library of Medicine _ 


- ANTICOAGULANTS 

i: Use of anticoagulants in acute. myocardial infarction. 
Ebert RV. Circulation 45:903-10, Apr 72 (34 ref.) 
_ DIABETIC ANGIOPATHIES 


A Biochemical studies of basement membrane. Kent PW. 
i Ce Diabetol Lat [Suppl] 8:228-39, Sep 71. (44 ref.) 


” DIGITALIS GLYCOSIDES 
: : Present. status of digitalis treatment. of acute 


<: myocardial. infarction. Karliner: JS, et. al. 
Circulation 45:891-902, Apr 72 (97 ref.) 


< HEART 
n Automated patient. care following cardiac surgery. 


Kouchoukos, NT, et al. 
Cardiovasc Clin $:109-20, 1971 (9 ref.) 


ae HEART DISEASES 
- The role of viruses a bs the production of heart disease. 


‘Burch GE, et 
Amd ‘Cardiol: 20:281-40, Feb 72. (96 ref.) 


HEART FAILURE, CONGESTIVE 
Congestive heart failure in the infant. A funetional 


a approach, Talner NS.. 
i Pediatr: Clin North Am 18:1011-29, Nov 71 (26 ref.) 


HYPERTENSION 
_-Diazoxide: a review of its s pharmacological properties 


and therapeutic: use in. hypertensive crises, 
-i Drags 2:78-137, 1971 (125 ref.) 


YMPHATIC SYSTEM 


a Development and physiology of the lymphoid system. 
Cooper MD, et- 
2 - Rheumatology 3: Pre -102, 1970 (291. ref.) 


_ MITRAL VALVE STENOSIS 


Natural history of mitral stenosis: a review, Selzer A, et 
‘al. Circulation 45:878-90, Apr 72 (56 ref.) 





* Citations obtained. from the National Library of. Medicine's MEDLARS Retrieval Program-—Bibliogra- 
“phy of Medical: Reviews. The first. of these Bibliographies, and an explanatory ‘editorial, appeared in 


MONOAMINE OXIDASE INHIBITORS 


Interactions of monoamine oxidase inhibitors, amines, 
and foodstuffs, Marley E, et ‘al. 
Adv Pharmacol Chemother 8:185-349,.1970 (168 ref.) 


MYOCARDIAL INFARCT 


Use of anticoagulants in acute myocardial infarction: 
Ebert RV. Circulation 45:903-10,, Apr 72 (34 ref.) 
Present atatus of digitalis treatment of acute 
myocardial infarction. Karliner JS, et al. 
Circulation 45:891-902, Apr 72 (97 ref.) 


PULMONARY ARTERY 


Pulmonary arterial blood flow in reimplanted lungs of 
dogs. Yanes HO, et al. 
Surgery 71:576-85, Apr 72 {40 ref.) 


PULMONARY CIRCULATION 


Pulmonary arterial blood flow in reimplanted lungs of 
dogs. Yanes HO, et al. 
Surgery 71:576-85, Apr 72. (40 ref.) 


PULMONARY EDEMA 


The alveolar-caplilary membrane and pulmonary. 
edema, Szidon JP, et al 
N Engl J Med. 286:1200-4, 1 Jun 72 (12 ref.) 
Treatment or prevention of pulmonary cellular damage 
with pharmacologic doses of corticosteroid. Wilson 
IW. Surg Gynecol Obstet 134:675-81, Apr 72 (54 ref.) 


PULMONARY HEART DISEASE 


Pulmonary heart disease. Noonan’ JA. nan 
Pediatr Clin North Am 18:1255-72, Nov 71 (33 ref.) 
SCALENUS ANTICUS SYNDROME 
Management of the thoracte-outlet syndrome, Urschel 

HC Jr. N Engl 3 Med 286:1140-3, 25 May 72 (3 ref.) 
SHOCK, HEMORRHAGIC 


Treatment or prevention of pulmonary cellular damage 
with pharmacologic doses of corticosteroid. Wilson 
JW. Sarg Gynecol Obstet 134:675-81, Apr 72 (54 ref.) 


THROMBOPHLEBITIS 


Venous thrombosis. 1. Mynors JA. 
Cent Afr J. Med 17:249-53, Dec 71 


-| the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 
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“AMERICAN COLLEGE OF CARDIOLOGY NEWS 





Calendar of Continuing Medical Education Programs 


The “National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 


the following calendar of programs. 


Each program is designed to en- 
large knowledge and clarify the end- 
lessly: changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment. of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the.College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con: 
tinuing Medical Education of the Cok- 
lege earnestly solicits the interest ofo 
member and nonmember physicians. — 
alike in continuing education for the: 
clear reason that participation provides. 
a unique opportunity to deepen one’s 
understanding of ‘heart disease, the 
most formidable and challenging health i 
problem of our time. ; 





` Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing, a 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1972 


*  Preceptorships in Cardiology. 
Arthur Selzer, FACC, director. 
Pacific Medical .Center, San 
Francisco, Calif. 

* To be arranged individually 


* Cardiology and the Problem- 
Oriented System: A Preceptor- 
ship in the Practical Use of the 
System. J. Willis Hurst, FACC, 
director. Emory — University 
School of Medicine, Atlanta, Ga. 
* To be arranged individually 


Clinical Pharmacology ot Cardio- 
vascular Drugs. Wiliam B. 
Abrams, FACC and R. O. Davies, 
directors, Queen Elizabeth Hotel, 
Montreal, Quebec, Canada 


< SEPT. 
, 8-10 


SEPT. 
11-13 


A Symposium on Cardiovascular 
Nursing. Fred. D. Ownby, FACC 
and Leo Schamroth, FACC, di- 
rectors and Juanita C. Burns, RN 
and Jean C. Mann, RN, co-direc- 
tors, The University of Tennes- 
see, Nashville, Tenn. 


SEPT. 
28-30 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leonard 
S. Dreifus, FACC and Yoshio 
Watanabe, FACC., co-directors. 
Holiday Inn, Penn Center, Phila- 
delphia, Pa. 


-OCT ‘ When, Why and How in Everyday 
22-4 Cardiology. Charles Fisch, FACC 


and Borys Surawicz, FACC, 
co-directors. Marion County 
General Hospital, Indianapolis, 


Ind. 


OcT. Acute Myocardial Infarction- 
5-7 Pre-Hospital Phase. John B. 
Johnson, FACC, director. Shera- 


ton Park Hotel, Washington, 
D.C. 
ocr. Vectorcardiography: A. Basic 
11-13 Workshop. Alberto Benchimol, 


FACC, director. Mountain Sha- 
dows Hotel, Scottsdale, Ariz. 


OcrT. Electrocardiographic. and Thera- 
17-19 peutic Problems in Acute Myo- 
cardial Infarction. William J. 
Grace, FACC, director. St. Vin- 
cent’s Hospital and Medical Cen- 
ter of New York, New York, N. Y. 


oct. Principles of Cardiac Arrhyth- 


26-28 mias. Edward K. Chung, FACC, 
director. The Greenbrier, White 
Sulphur Springs, W. Va. 

NOV. Cardiology 1972. T. K. Lin, 


3-5 FACC, director. Princess Kalu- 
lani Hotel, Honolulu, Hawaii 


NOV. 
6-15 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, director. 
Rancho Santa Fe inn, Rancho 
Santa Fe, Calif. 


DEC. Exercise and the Heart: Cur- 
1-2 rent Concepts and Application 


in Health and Disease. Ezra A. 
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8-10 


Amsterdam, FACG, Jack Ho». 
Wilmore, Joseph A. Bonanno, : 
FACC and Dean T. Mason, _ 
FACC, co-directors. University 
of California at Davis, Davis, — 
Calif. a 


DEC. Colloquia in Cardiology: Number _ 

6 5—Clinical: Problems in Cardiac 
Disease: Robert W. Oblath, 
FACC, director. Los Angeles 
Hilton, Los Angeles, Calif. 


Fifth Annual Symposium: Paths 
of Progress in Cardiovascular 
Disease. Henry |. Russek, 
FACC, director. Americana Ho- 
tel, New York, N, Y. 


DEC. 


1973 

JAN. Controversies in Cardiovascular 2 
10-12 Disease: A Practical Interpreta: 
tion. James R. Jude, FACO, di= 

rector and Hugh Gilmore and- 

Morton M. Halpern, co-directors.: 

Sheraton Four Ambassadors: 

Hotel, Miami, Fia. 


JAN. Core Curriculum: Cardiovascular. 

11-12 Physiology: Clinical Implications - 
of Newer Concepts and Meas 
surements, Wiliam W. Parmley; 
FACC and H, J. C. Swan, FACC, 
directors. Cedars-Sinai Medical _ 
Center, Los Angeles, Calif. 


JAN. A Perspective on New Tech- | 
14-16 niques of Treatment in Con- | 
‘genital and Acquired Heart Dis 
ease. John H. K. Vogel, FACE 
























JAN. 
29-31 


FEB, 
44-18: 


FEB 


19-20 


MAR. 


C A27 


| MAR. 
16-18 


- Snowmass-at-Aspen, 





director and Bruce C. Paton and 


Leslie t- Kelminsen, FACO, 
co-directors. “Opticon Theater, 
Aspen, 
Colo. 


- Stress and the Heart. Robert S. 


Eliot, FACC, director.. Ponte 
Vedra Club, Ponte Vedra Beach, 
Fla. 


Twenty-Second Annual’ Scien- 
tific Session. Samuel M. Fox HI, 
FACC, president. St. Francis 
Hotel, San Francisco, Calif. 


Reconvened. Scientific Session. 
James A. Orbison, FACC, direc- 
tor. Maui Sheraton, Maui, Ha- 
waii i 


Consultants Course in. Cardi- 
ology. Simon Dack? FACC, di- 
rector. Mount Sinai Medical 
Center, New York, N. Y. 


Non-Invasive Methods in Cardi- 
ology, Apexcardiography, Pho- 
nocardiography, Pulse Tracings 
and Phonoarteriography, Samuel 
Zoneraich, FACC, director. 
Queens Hospital Center, Jamai- 
ċa, N. Y. 


è Abstracts 





® Scientific Exhibits 
Deadline for requests for space: October 15, 1972 


MAR. 
26-28 


APR. 
2-4 


APR. 
2-11 


APR. 
4-6 


APR. 


14-15 


San Francisco, California 


Electrocardiographic interpreta- 
tion. of Arrhythmias: A` Physio- 
logical Approach. Charles Fisch, 
FACC, director. indiana Uni- 
versity Medical Center, India- 
napolis, Ind. 


Phonocardiography: A Work- 
shop. Alberto Benchimol, FACC, 
director. Mountain Shadows 
Resort Hotel, Scottsdale, Ariz. 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


Management of the Critically ill 
Cardiac Patient. Henry D. Mce- 
intosh, FACC, James K. Alex- 
ander, FACC and Edward W. 
Dennis, FACC, ¢o-directors. The 
Methodist. Hospital, Houston, 
Tex. 


Non-Invasive Techniques in the 
Diagnosis of Heart Disease. 
Clarence Agress, FACC and H. 
J. C. Swan, FACC; co-directors. 
Century Plaza Hotel, Los An- 
geles, Calif. 


MAY 
17-19 


MAY 
23-25 


. JUNE 


21-22 


February 14-18, 1973 


Entries. must be postmarked no later than Saturday, September 30, 1972 


© Cardiovascular Films 
Deadline for submission: November 1, 1972 


For. application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session 
Department, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





Current: Concepts in Cardiology 
~~1973. Philip-Akre and John A. 
Bowers; co-directors. Caesar's 
Palace, Las Vegas, Nev. 


How to Collect a Cardiovascular 
Data Base. J. Willis Hurst, FACC 
and Robert G. ‘Schiant, FACC. 
Royal Coach Motor Hotel, At- 
lanta, Ga. 


A Critical Approach to Cardio- 
vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 


 co-directors, Jack Tar Hotel, 


San Francisco, Calif. 


The Clinical Manifestations of 
Congenital Heart Disease from 
Birth through Adulthood. Joseph 
K.. Perloff; FACC, director and 
Sidney Friedman, FACC and 
William. Rashkind, co-directors. 
Hospital of the University of 
Pennsylvania, Philadelphia, Pa. 


Atherosclerotic Heart Disease 
1973. Robert L. Van. Citters, 
FAGC, John: N. Lein, and Harold 
T. Dodge, FACC, co-directors. 
Anchorage = Westward. Hotel, 
Anchorage, Alaska i 


asIa 
22nd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 
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NEW MEMBERS ELECTED 


~ COLLEGE NEWS — 


‘The following individuals were elected to 
lembership in the American College of 
Cardiology on June 15, 1972 in the cate- 
"gory indicated. 
FELLOWSHIP 
ABBOTT, Joseph A., MD, California 
AMELI, Mohammad, MD, iran 
ARI, Recep, MD, Maryland 
ASKANAS, Zdislaw, MD, Poland 
BALVANERA Abreu, Alfredo, MD, Mexico 
BANAS, John S., Jr., MD, Massachusetts 
BAUER, Gaston E., MD, Australia 
BERKOVITS, Barouh, Ing EE, Massachu- 
setts* 
BERNSTEIN, iraJ., MD, Illinois 
BORDIUK, Joseph M., MD, New York 
BRODSKY, Sidney J., MD, Florida 
BULLOCH, Robert T., MD, Arkansas 
CASAS, Ramon E., MD, Illinois 
GAUL, Edward, MD, California 
. CENTER, Sol, MD, Florida 


7 GHISCANO, Alfonso, MD, Texas 


< COHN, Lawrence H., MD, Massachusetts 
DALTON, Martin L., Jr., MD, Texas 

DINSMORE, Robert E.. MD, Massachu- 
 getts 

DOUGLAS, G. David, MD, Canada 
DUNNE, Edward F., MD, California 
EDMANDS, Robert E., MD, Indiana 
FANBURG, Barry, MD, Massachusetts 
FORDE, Thomas P., MD, California 
FOZZARD, Harry A., MD, Minois 
GAUM, Winston E., MD, Canada 
GOLDBERG, Emanuel M., MD, New York 
GOLDMAN, Bernard S., MD, Canada 
GREEN, George E., MD, New York 
GREEN, Henry, MD, New Jersey 
GREEN, Henry L., MD, Michigan 


CUO HANDJANI, Ali M., MD, Iran 


“HOPKINS, Donald M., MD; California 
JIMPARATO, Anthony M., MD, New York 
KAPLITT, Martin J, MD, New York 
KASTOR, John A., MD, Pennsylvania 
KATO, Kazuzo, MD, Japan 
KERTH, William J., MD, California 
KING, Samuel M., MD, Texas 
KIRSCHENFELD, Jack J., MD, Alabama 
KLINGER, Paul E., MD, Texas 
KOENKER, Rolf J., MD, California 
KUNKEL, Peter, MD, California 
LEACH, Charles N., Jr., MD, Connecticut 
LEES, Robert S., MD, Massachusetts 
LeVINE, Richard B., MD, California 
McILROY, Malcolm, MD, California 
MacPHERSON, Wiliam J., MD, Canada 
MARTIN, John W., MD, Ohio 
MARTINEZ, Alvaro l., MD, Florida 
MICHEL, Jean C., MD, Washington 
MYERS, James W., MD, California 
“NAKAMURA, Yoshiro, MD, Japan 
“ NARAGHIPOUR, Hossein, MD, Ohio 
OJIAMBO, Hillary P., MD, Kenya 
*Elected to Fellowship on March 1, 
1972 


O'ROURKE, Robert A., MD, California 
ORTEGA, Miguel A., MD, Venezuela 
RIVAL, Jan, MD, Michigan 
ROSENBAUM, Francis F., MD, Wisconsin 
ROWLAND, E. Driver, MD, Arkansas 
SAKAMOTO, Tsuguya, MD, Japan 
SCHEINMAN, Melvin M., MD, California 
SCHLUGER, Joseph, MD, New York 
SCHOTT, E. Adolf, MD, England 
SHANKAR, K. R., MD, Canada 
SHARMA, Giridhari, MD, India 
SMITH, Robert W., MD, Pennsylvania 
SOMERVILLE, Jane, MD, England 
SOMERVILLE, Walter, MD, England 
SORENSEN, John L., MD, Utah 
STAROBIN, Oscar E., MD, Massachusetts 
STOCK, Peter, MD, England 
SUBRAMANIAN, Sambamurthy, MD, New 
York 
SUGIE, Saburo, MD, Japan 
SUNADA, Terutake, MD, Japan 
TAN, Ngoh Chuan, MD, Singapore 
TANG, Hans, MD, Hong Kong 
TORRES-Zamora, Manuel, MD, Mexico 
TREMBLAY, Gerard M., MD, Canada 
TSENG, Wen-Ping, MD, Taiwan 
VERTES, Victor, MD, Ohio 
VINCENT, William R., MD, California 
WOLFSON, Irving N., MD, Massachusetts 
WOLFSON, Steven, MD, Connecticut 
YOUNG, Crossman H., MD, Canada 
ZIMDAHL, Walter T., MD, New York 


ASSOCIATE FELLOWSHIP 


ABRAMS, David L., MD, Illinois 
ADGEY, A. A. Jennifer, MD, Northern 
lreland 
ARMSTRONG, William T., Jr., 
fornia 
BERGER, Richard A., MD, Florida 
BOAL, Bernard H., MD, New York 
BOWYER, John V., MD, California 
BRUSIS, Otto A., MD, Massachusetts 
CHANGFOOT, George H., MD, Canada 
COLLINS, Thomas E., MD, Florida 
CUNDEY, Paul E., MD, Georgia 
DAVIES, Richard O., MD, Ph.D., Canada 
DAVIS, Jack L., MD, Montana 
DUVERNOY, Wolf F. C., MD, Michigan 
ECKBERG, Dwain L., MD, lowa 
EIG, Blaine H., MD, Maryland 
GIDDINGS, J. A., MD, California 
GOLDSTEIN, Marvin R., MD, Arizona 
GRACEY, Jack G., MD, Pennsylvania 
GROSS, Howard E., MD, Florida 
GUPTA, Prem K., MD, New York 
GUTIERREZ-Fuster, Efren, MD, Mexico 
HILL, Philip E., MD, Michigan 
HOLLADAY W.E., MD, Georgia 
HUGHES, George R., MD, Wisconsin 
JACKSON, Delmas A., Jr., MD, Kansas 
JOKHADAR, Moufid, MD, Syria 
KAHN, Otto, MD, California 
KARUNAKAR, A. R. S. R., MD, Louisiana 
LEARNER, Edward, MD, Massachusetts 
LUAN, L. L., MD, California 


MD, Cali- 


MOCK, Michael B., MD, Ohio 
NAVARRO-Dona, Domingo, MD, Vene- 
zuela 
PENNOCK, Ronald S., MD, Pennsylvania 
PETERSEN, John L., MD, Washington 
PIRACHA, Abdul R., MD, West Virginia 
PORTER, C. M., MD; Alabama 
QUINN, E. L., MD, Michigan* 
RATH, Ranjit, MD, Ohio 
RESNICK, Myron E., MD, Pennsylvania 
RICHMOND, Stephen; MD, New York 
RIDGES, J: Douglas, MD, Utaht 
ROSENBERG, M. S MD, Hinois 
SARACHEK, Norman S., MD, Pennsyl- 
vania 
SCHNEIDER, Paul J., MD, New Jersey 
SWAN, David A., MD, California s 
TEMPLETON, Thomas B., MD, North o 
Carolina ; a 
TERMINE, Charles M., MD, New York 
TODD, Robert L. MD, Towa 
TROUM, Lawrence, MD, New Jatsey: : 
VIVINO, A, Earl, MD, District of Columbia 
WARR; Otis S., Hi; MD, Tennessee r 
WEISS, Lowell M., MD, District of. Co- a 
lumbia a 
WHITE, H. Aubrey, Jr., MD, Alabama 
WILLIAMS, J. Curtis, MD, Florida 


AFFILIATE 


BATTAN-Carabajal, Manuel, MD, Mexico 
CASTILLO-Puga, Urbano, MD, Mexico 
CHUN, Young E., MD, Maryland 
CORTIS, Bruno $., MD, New Jersey 
FELDMAN, Mark Ira, MD, Texas i 
FRANCIOSA, Joseph A., MD, District of we 
Columbia os 
GARCIA-Alfageme G., Alfredo, MD, Mex- 
ico : 
GOZO, Edilberto G., Jr., MD, Phillippines = 
JAHANBAKHSH, Nasrollah, MD, Michigan 
KELLER, J. Walter, Jr., Florida oH 
KINHAL, Vithal, MD, towa 
KLEIBER, George E., DO, Michigan 
LONG, Walter B., MD, Michigan 
LOVELL, Anthony P., MD, Connecticut 
LUPI-Herrera, Eulo, MD, Mexico 
MORAGREGA, Jose Luis, MD, Mexico 
MUSTAFA, Abdel G., MD, Mexico 
PAPO, Michael, MD, Michigan 
PEREZ-Saavedra, Roberto, MD, Panama 
PHELPS, Elbert T., MD, District of Colum~- 
bia : 
PITTMAN, David E., MD, Pennsylvania 
POPP, Cari G., MD, Missouri 
POVEDA-Sierra, Jose Juan, MD, Mexico 
RODRIGUEZ, Gaston R., MD, Mississippi 
THOMPSON, A. J., MD, Arkansas i 
TREVETHAN-Cravioto, Sergio, MD, Mexe 
ico 2 
VARGAS-Raymond, Guillermo, MD, Mxs. | 
ico 





*Elected to Associate Fellowship Apal a 
1, 1971 ae 
Elected to Associate Fellowship. Jan- 2 
uary 11, 1972 ee 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


æ Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

ə Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

© Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text: 
« (4) references; (5) legends; (6) ta- 
“bles; and (7) figures. 
-@ Number all. pages in above se- 
< quence, beginning with title page as 
1, abstract as. 2, etc. 
e. Type all matter: (1) on 8144 x 11 
opaque white bond paper; (2) in du- 
-plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
“margins, ail four sides. 


THE TITLE PAGE 
<e. Number title page as page 1. 
"e Include first names, degrees and, 
“where applicable, FACC for all au- 
< thors. 

<e Insert at bottom: name and ad- 
_ dress of institution from which work 
originated plus information about 
grants. 

è Add at bottom the phrase ‘‘Ad- 
“dress for reprints: . . ."' followed by 
full name and address with zip code. 


THE ABSTRACT 

<e Limit words as follows: 100 to 250 
_ words. for major articles; 50 to 100 
-- words for case reports. 

_ @ Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
“subjects for indexing. 


-THE TEXT 

e. Number pages in sequence after 
abstract, 

-@ Type in duplicate; double-space. 
-@ Do not use abbreviations such as 
‘SVC, WPW: write. out; superior vena 
cava, Wolff-Parkinson-White. _ 
-Abbreviate measurements (mm, kcal 
-and the like) as recommended in the 
Style Manual for Biological: Journals, 
American Institute of Biological Sci- 
_ ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


488 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
Serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 

ə Type in duplicate; double-space. 

o Place immediately after text, and 
number pages in sequence after text 
page numbers. 

+ Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

o Type in duplicate; double-space. 
o Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


© Give each table a number (in roman 
numerals: Table |, 11, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

o Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


+ Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned, 
Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 
« Use arrows to designate special fea- 
tures. 
e Crop photomicrographs to show 
only essential field. 
è Identify figures on back by num- 
ber and author's name. 
e Number figures in order in which 
they are mentioned in the text. 
o indicate top of each figure. 
+ Submit written permission from 
publisher and author to reproduce 
any previously published figures. 
o Limit figures to number necessary 
for clarity. The. publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet $, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed), Baltimore, 


Williams & Wilkins, 2968, p 13% 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: ali book references should have specific page numbers) 











Clinically, the most experienced 
system for temporary 
cardi assistance 


For counterpulsation treatm 
support in cardiogenic shock 
cardial infarction and othe 
output situations ... includi 
drawal after heart-lung Ir 
use... the Avco System is q 
and easily instituted at bed: 

Formany practical, perfor 
related reasons, the Avco 
has become the most wide 
intra-aortic balloon pump i 
cal applications. 


























“synchronization — ihe unique 
system provides precise syn- 
zation with normal and abnor- 
hms. Preset balloon inflation 
deflation timing is triggered 
latically by the patient's QRS 
x. Timing is maintained by pre- 
of the R-R interval. 


sis on patient safety — Safety 
ering. in the Avco System in- 
fail-safe venting, self-initiated 
le identification and, if needed 
dependent operation with a self- 
ined battery supply. 


Automatic reset 
the Avco Sys- 
em contains 
many features for 
ease of operation, 
` such as automatic 
reset for changes 
in interval or drop of an R wave. Com- 
plete automation with minimum ad- 
developed for balloon con- justments means full, convenient, con- 
struction permits use in non- tinuous control while observing the 


heparinized patients. The Avco patient and his condition. 


intra-Aortic 
Balloon Pump 


Non-occlusive balloon — ex- 
clusive, patented three-cham- 
ber design, Prevents end-oc- 
clusion, thus eliminating blood 
trapping and excessive stress 
on the aortic wall. A physiolog- 
ically optimal pumping action. 
The advanced antithrombo- 
genic co-polymer material 





Behind the Avco System stand seven years of clinically oriented 
development and the Roche nationwide service organization. 
For literature and reports on clinical experience, write to us now. 


“Developed by Avco Corporation and manufactured for Roche Medical Electronics 
Division. 





Medical Electronics Division, Hoffmann-La Roche Inc., Cranbury, N.J. 08512 




















Physio-Control System 5 


ECG. Recorder, Model 073-Hi 


Dual Trace Monitor II, with LED Rate Meter, Mo 


You can’t beat the performance- 
proven qualities of five generations of 
Physio-Control systems. 

You can’t beat the modular design 
and advanced solid-state engineering 
that insure maximum flexibility, re- 
liability and serviceability in every 
Physio system. 

You can’t beat System 5’s new fea- 
tures: Dual-trace bedside monitor 
that displays both ECG and blood- 
“pressure wave forms + Light-emit- 
ting diode rate meter + Limb lead 


Central Display, Model 093-04 







del 09-00118 


selector « Isolated pre-amp for 
patient safety > Remote telemetry 
unit. 

You can’t beat the way Physio- 
Control tailors each system to your 
exact needs; provides a complete edu- 
cation program for your staff and 
follows-up with fast and thorough 
service by a dedicated team of medi- 
cal electronics professionals. 

You can’t beat Physio-Control’s 
price anywhere for a complete 4-bed 
CCU monitoring system. 


aad Monitor II Patient Monitor, Model 090-00 











For full details about Physio-Con- 
trol’s unbeatable System 5, or about 
any of their fine instruments and 
products, contact: Physio-Control 
Corporation, 2607 Second Ave. 
Seattle, Washington. Telephone (206) 
624-4824. 7 
Visit us at the American Heart Association 45th 
Scientific Session, Booth D10-14, E10-11, Nov. 
16, 17, 18 & 19, Dallas, Texas 


CPhysio-Control | 


Introduci 
‘poleney: 
_ sublingua 
: tablet a 


«potency, A 
from onet 
“on more p 

oo conventio 
oo NITRE 
you shoul 

(1 /150 gr. 

c 


< PARKE DAVIS & COMPANY 
“Detroit, Michigan 48232 





sBIOTRONIK PACEMAKERS 


AVE ESTABLISHED THEMSELVES AS 
ST IN TECHNOLOGY IN 


164 1st definite end of life indicator for premature 
battery failure. 

165 1st with the concept of low current drain. 

65 1st bayonet connector - simple push & twist 
connection. 

66 1st implantable unit using interference shielding. 

168 1st with significant reduction in size. 

70 1st with 24 month full replacement warranty. 


DR 1972 ASK... 
U. S. DISTRIBUTORS OF 
BIOTRONIK 
Airport Station 
St. Petersburg, Fla. 33734 
813 - 536-2791 
A : 

















~ Now available under one cover— 


New Clinical Knowledge in the Mechanism, 
-Recognition and Therapy of Arrhythmias 


Symposium on 


_ ELECTROPHYSIOLOGIC CORRELATES 
OF CLINICAL ARRHYTHMIAS 


Guest Editor: Charles Fisch, MD, FACC, Indiana University Medical Center 


‘Contributions by prominent specialists from universities and medical centers across 


the country. 


Presents examples of arrhythmias with mechanisms that have been deduced by anal: 


_ ysis of clinical tracings and are being confirmed by electrophysiologic studies. 


Originally published in the September, October and November 1971 issues of 
THE AMERICAN JOURNAL OF CARDIOLOGY—a $15.00 value—now available to you 
under one cover for only $8.00. 


Papers include: Automaticity and Automatic Rhythms ... The 
Concepts of Reentrant Activity. Responsible for Ectopic 
Rhythms . . . Atrial Fibrillation . . . Ventricular Fibrillation . . 
Atrioventricular Block . . . Aberrancy: Electrophysiologic 
Aspects . . . Exit Block . .. Concealed Conduction . . . Specialized 
Tissues and Preferential Conduction in the Atria of the 

Heart . . . Contribution of His Bundle Recordings to the Under- 
standing of Clinical Arrhythmias . . . Wolff-Parkinson-White - 
Syndrome. A New Look... Artificial Pacing of the Human 
Heart. Its Contribution to ‘the Understanding of 

Arrhythmias ... The Bea barca Effects of Anti- 
arrhythmic Drugs . . The Postextrasystolic T Wave Change. 


14 Papers 144 Pages Price $8. 
To order fill out the coupon below and mail. 


Samme mammae amim amama mamm mmia aa aaae ma enna Rasen m a a a ma aaa maraa M a m m aa ama a aae aa aE a aa aa aa a a aaa e a a a an aer a A a M a m E a nae a tee 


THE AMERICAN JOURNAL OF CARDIOLOGY 
666 Fifth Avenue, New York, N.Y. 10019 


Please send_____ copy(ies) of the Symposium on Electrophysiologic 
Correlates of Clinical Arrhythmias at $8.00 each.* Payment of $ 
enclosed. (In order to maintain the low. price of this item we must 
require payment with your order. 





Name 


Address 











A Publication of the Yorke Medical Group + Dun + Donnelley Publishing Corp. 
* For delivery in New York State add State sales tax. In New York City 7%. 








_ COMPAL 





The first computer defibrillator! 


No more defibrillator testing...the CompacSs does it automatically. 


Now HEALTH TECH, the company that pioneered the DT-271 Defibrillator Tester... brings 
you a computer Defibrillator THAT NEVER NEEDS TESTING. 


COMPAC/ss contains a miniature computer which instantaneously calculates the energy 
actually delivered to the patient and displays it together with the intended energy setting to 
permit immediate appraisal of the technical accuracy of each shock. 


COMPAC/ss features the exclusive Ergostat™ energy servo system which greatly reduces 
the notorious unpredictability in patient delivered energy present in current defibrillators.” 
Now, the silent and often serious technical ambiguities of defibrillation episodes are either 
eliminated or unmasked so the immediate corrective action can be taken. 


Check these features: 


¢ LIGHTEST WEIGHT of all portable 
battery-operated defibrillators, just 19 Ibs. 


e SMALLEST...just 16x19x6” in a molded For a demonstration, 


call or write 





plastic case. ‘ 
; ; ; B. Dean Holliday, 3 
e Simple operation. Only one panel setting. Sales Manager 
e Companion scope and synchronizer available Phone (402) 393-7800 a 
in one convenient package. TWX 910— 622-0580 HEALTH TECH 


Health Technology Labs, Inc 
West Dodge Medical Bldg. 
™Ergostat is a trademark of Health Tech Labs, Inc. U.S. Patent pending a maa 


*“Stratbucker, R. and Schuder, J., JAAMI, April 1972 (Reprints available on request from Health Tech) ee eee cal 
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ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 8 
leading 
antacids” 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand o 


magaldrate 


Also available in 
Chew and Swallow Tablets 


| AYERST LABORATORIES 
© New ¥ 


TB 






THE AMERICAN JOURNAL 
of CARDIOLOGY 


Production Manager: Herbert V.-Paureiss, Jr. 


Telephone: 212-489-5763 
Business Manager: Belle Goodman 


ADVERTISING 


REPRESENTATIVES 


NEW YORK 
Robert ©. Weidner, —-212-489-5756 
Joseph L. Navitsky, —-212-489-5754 
wm 1 2489-2200 
666 Fifth Avenue 
New York, N. Y, 10019. 


CHICAGO 


Wyman Carey 
—~312-648-5882 

220 South Riverside Plaza 
Chicago, IH. 60606 


DALLAS 


Dick Eldredge 

—214-270-6461 

1580 Eastgate Drive, Suite 315 
Garland, Texas 75041 


ATLANTA 


Robert H. Powell, Jr., 
om 4633-8296 
P.O. Box 49087 
Atlanta, Ga. 30329 


LOS ANGELES 


Don Higgason 
-213-386-1852 

1830 West 8th Street 

Los Angeles, Calif. 90057 


SAN FRANCISCO 


Scott B. Hubbard 
415-981-2594 

582 Market. Street 

San Francisco, Calif. 94104 


a T a a 
PENER, DEENEN 





" 


For eight years we've been 
helping cardiologists explore the 
diagnostic uses of ultrasound. 


Ihe new Ekoline 20A shows 
what we've learned. 


Eight years ago, echocardiology 
was a new and untried diagnostic 
technique. Today it’s being 

used to detect pericardial effusion, 
evaluate mitral valve function, 
measure cardiac output, detect 
intracardiac tumors—plus many 
other uses. 

Eight years ago, the ‘Ekoline 20 

# | was anew and untried diagnostic 
instrument. Today it’s being used routinely in hundreds of 
America’s leading medical centers. 

In the process, we’ve learned what it takes to satisfy the 
practicing cardiologist. That’s why the new ‘Ekoline 20A’ now 
offers improved resolution, a better slow-sweep display, 
and an easier-to-use camera. That’s why we’ve just introduced 
a new graphic recorder which gives continuous “grey-scale” 
write-outs of cardiac echo patterns. 

Like to see what we’ve learned? Write today for a 
demonstration. 
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Smith Kline Instruments, Inc. 


440 Page Mill Road, Palo Alto, Calif. 94306 
A SUBSIDIARY OF SMITH KLINE & FRENCH LABORATORIES 


7 RK wre 


for clinical 
applications 


è Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


@ Patient safety assured 
through isolation circuitry 


® Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 





FLOW 
PROISES 


for 
clinical 
applications 


® Convenient, handle-ty pe 
probe with positive 
capture slide 


® Designed for O.R. and 
cath lab use 


© For rapid analysis of 
flow through exposed 
blood vessels 


@ Use with Biotronex 
clinical blood flowmeter 





FLOW 
PROBES 


for 


bypass ‘7 
applications 


® Use with heart-lung 


machine, artificial kidney 
or similar systems 


® Iron core construction 
provides high sensitivity 
and accuracy 


è Operates with BLI 
research and clinical 
blood flowmeters 


è Available in sizes to fit 
most tubing 











Biotronex Laboratory, ÎNC. 1153 Brookville Road Siver Spring, Maryland 20910 Se 301/588-6400 


Advertisers’ Product Index 
September, 1972 


Abbott Laboratories 


Parke Davis and Company 


Siesta iy Re PLU aa aea Cab ante ender na a abet Git wee at Nitvostat sai Ea i bite. Rhone ber heh a FEUER ura tse ee A74 
o Ls AAA ite, ofa. (otic? b tovelia ig ORA W's se, ejsinye.d oft ete ckse siete este . tos 
American College of Cardiology Prizor Inon ipiizer Laboratories Division K 
ACCESS Monthly Audio Tape Program ................... A67 Phili Ea E A SS RA ae i i A E 
American Optical Corporation H Monica Systems: Ine. 
EOE UALR A EEE Tea a E A AE E 2 A59 Ph a c LEi REGIS SE AYOM howe in): eo e e A era A68, 69 
Ayerst Laboratories ysio-Contro! 
+ See Ge ee apne a Ml ee I A30—34 System Sa iea Fe adde edinn angles a clas aa A72, 73 
Riopan ........ NA E EE A ERE TA A61, 78 Purdue Frederick Company, The 
Avionics Biomedical Division Cardo: EES aie t a act Rata A ial. a dees A12 
cee hee CV igen ete eee reed eee tees ee eens ae Roche Laboratories, Div. of Hoffman-La Roche Inc. 
Pita dig ohio SALE A Aegean ae Gla tiated Beene. aS eG TR a IL, OEE sre ve ait AR i ell ou sy Pccee ames martes Ghia aa ieee S A64, 65 
Biotronex Laboratory, Inc. Wallin nik in aA E canoe ee : 
Flow Probes ...... y Z bs BSD PVA a esr waren DRONA Tabane MIERE IA A80 Roche Medical Electronics Division EEEE te hatte i 
Burronghs Wellcome & Co. (U.S.A.), Inc. hae Médicalprlectronicatecc nis genie ak Se cts oh ae A71 
E aa eaaa a hob Fe AN AS o a a nit E a OCA AOLO wes, 
BurBn Parisina S CAs Ine ROCOM Division of Homanta Roche 
, " . ultimedia Learning System n eena ro a n E E a a A56 
LST ERAT =] ae AEEA Ta PL ORAL Wp A (Sos lp eID A46 “eae 
Cardiodynamics—Vida Medical Systems er iy 
Ventricular Impulse Detector and Alarm ...... FLAN soe A50, 51 abl 5 cams Pes OTe Ngo FT ATR NAATA O ENE DE t MA2, 43 
Concept, Inc. G. D. Searle 
a TA EREA ARANE AEAEE Ripe Clan A A75 AIG ACEON G6 ois o's E E SEA a eels A62, 63 
Cooper Laboratories Smith, Kline & French Laboratories 
Quinaglute DSTI, ra Facade es e Aa E Nees Second Cover, Al Dyrenium . 2.6... e seen eect eee tenet ett nee A57 
ay Ciel eee eee ee eee Fourth Cover Smith Kline Instruments 
Gromed Bionics Corp. Ekolino LOA rn A E a ner AT RUE See aa a Toa E N A a A79 
edical Electronics ......... Sina tata item arate Reaches is A37, 38 E. R. Squibb and 
Datascope Corporation A Div a Squibb pore? me: 
intra-Aortie Balloon: Pump: %..'2.0.s5... Sai a E choc oak sia ww ato Al4 Pronesty| P. A20—22 
PA Dade CONTAIN. e Soke ee ee e i feee aranesa E a A A A A 
Books for the Do rdictogiet SSI cron bee Y Raia eae cima dake FAS oad O A36 Standard Brands, Inc. 
Eastman Kodak Fleischimann’s MEROE, a duciie lain: sate ah teas. bey a A35 
PCIM. (Instrumentation/Medical). ..i.....-0.se... ketene. A39 Stuart Pharmaceuticals Division of 1.C.I. America Me = 
. . ROR URED WON Nas E S A ARA E E felis, T T e tere ince ate a ee! » 
General erecta Medical Systems Department ape Dialose/Dialose; Pluss. EA 0) den: es aos Gass eG ee E, 'A49 
a A O AE E E Ee S EAI Tisiehol Lake: lie 
tean Technology Labs, Inc. ae Medical Electronics ...........0..-00eeecceeeee. Third Cover 
Ee el ARP AE ns Lien ee ee Viatron Medical N.V.--Holland 
edCraft via, 
Medical Instrumentation ............----..-0 0000s A52, 53 REGIA e ASA, aiken, A E id sy N ar “ose 
Ives Laboratories Warner-Chilcott 
PEDYU hoe sak eee aoe iad Taek sy A66 Partra tO an oad a a d ake reuse ee a N a. Aedh dss A47, 48 
Medical Innovations, Inc. Winthrop Laboratories 
GlinicalwManasemMents, coy An AL E a cake aN A A18 FALNIN EASE a E Wy clans! AE S R E E A Aa a tates aga A2—4 
Oscar Fisher Company, Inc. Xerox Corporation 
UME SPREE BOE oor. AO on eet EIR aT habe es A40 Medicarilectronics S E E nates fw suse cats Re wis ae S A29 





ina case 
of cardiac 
arrest the 


A ravenol HLR'50/90 
Heart Lung 


Resuscitator 
often works better 


than people 


O DOESN'T GET TIRED O REDUCES APPLICATION OF TOO LITTLE 
OR TOO MUCH PRESSURE O COORDINATES VENTILATION AND 
COMPRESSION AUTOMATICALLY O NEEDS ONLY ONE PERSON 
TO MONITOR IT. 


The Travenol HLR 50/90 is a completely portable oxygen-powered resusci- 
tator. It can be brought to the patient and put into operation immediately 
after manual resuscitation has been started. It mechanically performs the 
steps recommended for effective manual resuscitation, continuously and 
consistently. Hospital pipeline oxygen, or portable tanks can be used to 
power the HLR. 

Invaluable when there are not enough people available to perform sus- 
tained manual resuscitation. 

The combination handle/headrest on the HLR 50/90 is designed to keep 
the patient's head tilted back, helping maintain a clear airway during 
resuscitation. Once the chest compressor is strapped securely in place, it is 
virtually impossible for patient movement to displace it. Only one trained 
attendant is required to monitor the HLR once in operation. 


The HLR 50/90 should only be used by personnel properly trained in the 
safe and effective use of the instrument by or under direction of a physician. 
Directions for use are provided with each unit. 


Manufactured by 
BRUNSWICK MANUFACTURING CO, INC. 
Boston, Massachusetts 02171 


Marketed by 


TRAVENOL LABORATORIES, INC. 


Morton Grove, Illinois 60053 
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“The drug of choice 
for oral replacement — 
of potassium is — 
otassium chloride 






AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Kay Ciel Elixir is 





; 


COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. cf elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low cietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps. and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequentiy 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, armythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listiessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


otassium chloride... 
astes good too! 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
‘evels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
moming and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
3e administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


GopPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Lasix’ 
furosemide 
Tablets/ Injection 


WARNING — Lasix (furosemide) is a potent diuretic 
which if given in excessive amounts can lead to a 
profound diuresis with water and electrolyte deple- 
tion. Therefore, careful medical supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient's needs. (See under 
“DOSAGE AND ADMINISTRATION.") 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurials, thiazides and other 
heterocyclic compounds. It is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle's loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chloro-N-furfuryl-5-sulfamoylan- 
thranilic acid. 

INDICATIONS — Lasix (furosemide) is indicated for 
the treatment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
Jarly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired. 


If the gastrointestinal absorption is impaired or oral 
medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route. 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.g., 
acute pulmonary edema. 


Parenteral administration should be reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension—Lasix Tablets may be used for the 
treatment of hypertension alone or in combination 
with other antihypertensive drugs. Hypertensive pa- 
tients who cannot be adequately controlled with thia- 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS—Because animal reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated in 
women of child-bearing potential. 


Lasix is contraindicated in anuria. If increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and in slates of electrolyte 
depletion, toren should not be instituted until the 
basic condition is improved or corrected. Lasix is 
contraindicated in patients with a history of hyper- 
sensitivity to this compound. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


WARNINGS-—Excessive diuresis may result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and with the possibility of vascular 
thrombosis and embolism, particularly in elderly pa- 
tients. 

Excessive loss of potassium in patients receiving 
digitalis glycosides may precipitate digitalis toxicity. 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte, CO2 and BUN determina- 
tions should be performed during the first few months 
of therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


in patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden alterations of fluid and 
electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 


As with many other drugs, patients should be ob- 
served regularly for the possible occurrence of blood 
dyscrasias, liver damage, or other idiosyncratic re- 
actions. 

In those instances where potassium supplementation 
is required, coated potassium tablets should be used 
only when adequate dietary supplementation is not 
practical. 

There have been several reports, published and 
unpublished, concerning nonspecific small-bowel le- 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thiazides with potassium salts. These lesions 


may occur with enteric-coated potassium tablets 
alone or when ney are used with nonenteric-coated 
thiazides, or certain other oral diuretics. 


These small-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have occurred. 


Available information tends to implicate enteric- 
coated potassium salts, although lesions of this type 
also occur spontaneously. Therefore, coated potas- 
sium-containing formulations should be administered 
only when indicated, and should be discontinued 
immediately if abdominal pain, distention, nausea, 
vomiting, or gastrointestinal bleeding occurs. 


Patients with known sulfonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS-—As with any potent diuretic, electro- 
lyte depletion may occur during therapy with Lasix, 
especially in patients receiving higher doses and a 
restricted salt intake. Electrolyte depletion may mani- 
fest itself by weakness, dizziness, lethargy, leg 
cramps, anorexia, vomiting, and/or mental confusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications. 


Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen. These have been observed in associa- 
tion with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 


Cases of reversible deafness and tinnitus have been 
reported following the injection of Lasix. These ad- 
verse reactions occurred when Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likely to occur in patients with 
severe impairment of renal function and in patients 
who are also receiving drugs known to be ototoxic. 
Periodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tests with abnormalities of the fasting and two-hour 
postprandial sugat have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may lower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly, periodic serum calcium levels should be ob- 
tained. 


Patients receiving high doses of salicylates, as in 
rheumatic diseases, in conjunction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretory sites. 


Sulfonamide diuretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubocurarine. Great caution 
should be exercised in administering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any elec- 
tive surgery. 


ADVERSE REACTIONS — Various forms of dermatitis, 
including urticaria and rare cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur. 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura) may occur. Rare cases of 
agranulocytosis have occurred which responded to 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See “PRECAUTIONS.”) 


In addition, the following rare adverse reactions have 
been reported; however, relationship to the drug has 
not been established with certainty; sweet taste, oral 
and gastric. burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see “WARN- 
INGS"), and acute pancreatitis. 


Lasix induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 
cramps, thirst, increased perspiration, urinary bladder 
spasm and symptoms of urinary frequency. 


As far as hyperglycemia Is concerned, see “PRE- 
CAUTIONS.” 


Transient pain after intramuscular injection has been 
reported at the Injection site. 


DOSAGE AND ADMINISTRATION 

Oral Administration—The usual dose of Lasix is 1 to 
2 tablets (40 to 80 mg.) given as a single dose, pref- 
erably in the morning. Ordinarily, a prompt diuresis 
ensues. Depending on the patient's response, a sec- 


ond dose can be administered 6 to 8 hours later. 
This dosage and dosage schedule can then be main- 
tained or even reduced. If the diuretic response with 
a single dose of 1 to 2 tablets (40 to 80 mg.) is not 
satisfactory, e.g., in a patient with congestive heart 
failure refractory to maximal doses of thiazides, the 
following schedule should be used: Increase this 
dose by increments of 1 tablet (40 mg.) not sooner 
than 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This indi- 
vidually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). 
The dose of Lasix may be carefully titrated up to 600 
mp per day in those patients with severe clinical 
edematous states. Higher doses are currently under 
investigation. 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent 
dosage schedule in which the diuretic is given for 2 
to 4 consecutive days each week. With doses exceed- 
ing 80 mg./day and given for prolonged periods, 
careful clinical and laboratory observations are par- 
ticularly advisable. 


Hypertension—The usual dose of Lasix (furosemide) 
is one tablet (40 mg.) twice daily both for initiation 
of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when 
this compound is used with other antihypertensive 
drugs, especially during initial therapy. 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. It is further recommended, if one tab- 
let (40 mg.) twice daily does not lead to a clini- 
cally satisfactory response, to add other hypotensive 
agents, e.g., reserpine, rather than to increase the 
dose of Lasix. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. `’ 


Parenteral Administration—The usual dose of Lasix 
is 1 to 2 ampules (20 to 40 mg.) given as a single 
dose, injected intramuscularly or intravenously. The 
intravenous injection should be given slowly (1 to 
2 minutes). Ordinarily, a prompt diuresis ensues. 
Depending on the patient's response a second dose 
ae be administered two hours after the first dose 
or later. 


If the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg.) is not satisfactory, e.g., in a 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours after the previous dose until the desired diuretic 
effect has been obtained. This individually deter- 
mined single dose should then be given once or twice 
daily. Parenteral administration should be reserved 
for patients where oral medication is not practical. 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this is prac- 
tical for continued mobilization of edema. 


Acute Pulmonary Edema—Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treat- 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par- 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg.) of Lasix are to be slowly injected intra- 
venously immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours later if that is indicated by the pa- 
tient's condition. 


If deemed necessary, additional therapy (e.g., digi- 
talis, oxygen) can be administered concomitantly. 
Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 
HOW SUPPLIED-—Lasix (furosemide) Tablets are 
supplied as white, monogrammed, scored tablets of 
40 mg. in amber bottles of 100 (FSN 6505-062-3336), 
500, and Unit Dose 100's (20 strips of 5). Lasix In- 
lection is supplied as a sterile solution in 2 mi. am- 
er ampules; boxes of 5 (FSN 6505-435-0377) and 
50. Each ml. contains 10 mg. furosemide (with so- 
dium chloride for isotonicity and sodium hydroxide 
to make the solution slightly alkaline). 
Note: Exposure to light may cause slight discolor- 
ation which, however, does not alter potency. 
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Your experience 
with Lasix’ (furosemide! 
has proven its usefulnes 
in office practice. 





O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

O Patient inconvenience is minimal since diuresis 
is usually complete within 6 to 8 hours. 

O In long-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient's individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 
prescribing information.) 





As medical experience 
defines more and more 
patients who should be spared 
the severe depressant effects of 
narcotic analgesics... 





: Pëntazocine 
IS. 


When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects: 
(circulatory, respiratory, 
urinary) of narcotics may 
be increased: 
in patients with 
» chronic illness 
« advanced age 
e chronic obstructive 
lung disease 
+ pleural effusion 
è cirrhosis _ 
e myocardial 
infarction 
* prostatic 
hypertrophy 
in patients who have had 
* general anesthesia 
e considerable 
blood loss 


e muscle relaxants 
for surgery 


„andin many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 


(aa lactate) 


-Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to mor phine, Talwin: ve 
causes less severe respiratory 


depression, hypotension, urinary 


retention, constipation. 


Talwin is less likely to cause — 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to: analgesic effect has 
not been reported. 


Not subject to narcotic controls. oa 


; See next page fora discussion of 


warnings, precautions, adverse 
reactions and other Prescribing 
Information. — 


Injectable _ 


b Brand of 


pentazocine . 


ciale) OEN 


in moderate 


to severe pain 

















Tene: : 
-Brand of pentezocine i. lactate) . 
Anaigesic for Parenteral Use 


Available in 
Omg., 45mg., and GOmg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
` Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
affects of Talwin and its potential for elevat- 


“ing cerebrospinal fluid pressure may be 


markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
‘isting. increase in intracranial pressure, Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 
Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics, Talwin should be used with cau- 
tion in women delivering. premature infants. 

: Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be. closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
‘rarely, in patients without such a history. Ab- 
rupt discontinuance. following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 


“ perature, rhinorrhea, restlessness, anxiety, and 


lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient’s symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin. for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should taka precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 


AA. 


against pain 


of moderate to severe intensity 


i E n TRETAROUIG TOSET OT TATW- DAYE: Sxpeneneen,: 
Ine tare instances, hallucinations ‘(usually vis 


ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of tis reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin ia this age group is 
not recommended. 

Ambulatory Patients, Since sedation, dizziness, 
and occasional euphoria ‘have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves te hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered oniy with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g, marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Intarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction wha have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria, 
Infrequently occurring reactions are—respira- 
tory: respiratory depression. dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic inciud- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions iInclude-—-neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
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{sloughing}. at the injection site, weakness or 
faintness, chills; moderate transient eosino- 
philia, allergic. reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patienis in Labor, The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess cf 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed, 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur, 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated, Assisted or 
controled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Taiwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 mi. (30 mg.) and 
14a mi. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 mi (60 mg.) in boxes of 25 and 
400, Each 1 mi. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 ml., each 1 mi. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
t mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y, 10016 
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Helps relieve excessive anxiety 
that may accompany cardiac 
disease and impede recovery... 


prompt onset of action — usually 
within 15-30 minutes... 


digitalis... : 


hypotensive reactions 
are uncommon; hepatic or 
hematopoietic toxicity has not 
been reported with 
recommended dosage... 


although occasional drowsiness 
has been reported, mental 
alertness is seldom impaired... 


by relieving excessive 
anxiety, an h.s. dose 
_ helps encourage restful sleep. 


WHEN YOUR FINDING 
IS EXCESSIVE ANXIETY 
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Please see Brief Summary on next page 
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(HYDROXYZINE 
PAMOATE) 


25 mg., 50 mg., 100 mg. capsules 


THE UNCOMPLICATED CALM 


BRIEF SUMMARY 

Contraindications: Hypersensitivity to hydroxyzine. The so- 
lution for intramuscular use must_not be injected sub- 
cutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, 
rat, and rabbit induced fetal abnormalities in the rat at 
doses substantially above the human therapeutic range. 
Clinical data in human beings are inadequate. Until 
adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this 
period. 

Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION OF 
CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS NAR- 
COTICS AND BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50%, Because 
drowsiness may occur, patients should be cautioned 
against driving a car or operating dangerous machinery. 
The usual precautions for intramuscular injection should be 
followed; soft-tissue reactions have rarely been reported 
when proper technique has been used. Hydroxyzine intra- 
muscular solution should be injected well within the body 
of a relatively large muscle. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., gluteus 
maximus), or the mid-lateral thigh. In children, preferably 
the mid-lateral muscle of the thigh. In infants and small 
children, the upper outer quadrant of the gluteal region 
should only be used when necessary, as in burn patients, 


in order to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well de- 
veloped, such as in certain adults and older children, and 
only with caution to avoid radial nerve injury. Injections 
should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intra- 
vascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually 
transitory and may disappear in a few days of continued 
therapy or upon dosage reduction. Dryness of the mouth 
may occur with higher doses. Involuntary motor activity, 
including rare instances of tremor and convulsions, has 
been reported, usually with ‘higher than recommended 
dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: Equiva- 
lent to 25 mg., 50 mg., 100 mg. hydroxyzine HCl. Vistaril 
(hydroxyzine pamoate) Oral Suspension: Equivalent to 
25 mg. hydroxyzine HCI per 5 cc. teaspoonful. Vistaril 
(hydroxyzine HCl) Intramuscular Solution: 25 mg./cc.— 
10 cc. vial; 50 mg./ec.—2 ce. and 10 cc. vial; lsoject, 
25 and 50 mg. per cc. 1 cc. per unit; 100 mg./2 cc. unit. 
More detailed professional information available on 
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Cambridge CAMCO 150 


Courtesy of Cardio-Dynamics Laboratories, Inc. 


A dynamic electrocrdiogram was obtained on this 
69-year old male patient, because of symptoms of severe 
dizziness and lightheadedness. The initial 1⁄2 hours of 
the DCG demonstrated frequent 3-to-5 beat salvos of 
paroxysmal ventricular tachycardia and multifocal ven- 
tricular extrasystoles, which were frequently paired (see 
first strip); in addition, ventricular bigeminy and trigem- 
iny were demonstrated. During the third hour of the 
recording (see second strip), a wandering pacemaker 
with an intermittent slow junctional rhythm (as low as 28 
beats/minute) occurred. 

While still wearing the Holter monitor, the patient was 
admitted to the hospital with symptoms of dizziness. 
The DCG permitted documentation of this patient's 
tachyarrhythmias and bradyarrhythmias, and appropriate 
therapy was then instituted. 


NEW SCANNING CENTERS PUT 
24-HOUR DCG HOLTER MONITOR- 
ING WITHIN MEANS OF EVERY 
PHYSICIAN! 


Now, for those physicians who would like to employ 
the latest, up-to-date, DCG Holter heart monitoring 
procedures, it is no longer necessary to make an 
initial investment of $11,000 to install a complete 
DCG system. Now the doctor serves the patient — 
and new scanning centers serve the doctor. 


For less than $2000 any physician can obtain an 
Avionics Electrocardiocorder™ — a small unique por- 
table tape recorder — and the associated instrumen- 
tation. It includes everything he needs to provide his 
patients with continuous Holter monitoring imme- 
diately. The physician or his assistant performs the 
patient hook-up in a 10-minute office procedure. The 
patient wears the heart monitor for 4, 12, or 24 hours. 
Then the tapes can be sent to a qualified cardiologist- 
controlled scanning center where they are scanned 
and documented for a modest fee (approximately 
one-half of the usual DCG charge). 


The patient benefits by the greater validity and re- 
liability of a continuous DCG recording made over a 
prolonged period while he is subject to normal physi- 
cal and emotional stress, and the doctor benefits by 
an improved procedure that yields better patient data 
while requiring less physician time. 


For more information, return the coupon below. 


AVIONICS RESEARCH PRODUCTS 
division of Del Mar Engineering Laboratories 
6901 West Imperial Highway 

Los Angeles, California 90045 

Phone (213) 641-6334 


i [C] Please send me the literature, | would like to l 
know more about the Avionics Dynamic Electro- 
I cardiographic Systems™and Holter monitoring. 


I [_] Send the literature, and schedule me for a visit-| 
ing demonstration. | am definitely interested in 
acquiring this kind of equipment. 


Please refer me to a specialized, quality-con- 
trolled, cardiologist-supervised scanning center. | 


| Name 
Title & Specialization 

Address : 

| City State Zip 
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459° Aorta to Coronary Artery Saphenous Vein Grafts. Preoperative Angiographic Criteria for Successful 
; Surgery 


JACQUES LESPERANCE, MARTIAL G. BOURASSA, PIERRE BIRON, LUCIEN CAMPEAU and 
JACQUES SALTIEL 





Angiographic assessment.of aorta to coronary artery saphenous vein grafts was carried out in 105 patients. 
The study demonstrates that the association of a coronary arterial diameter of 1.5 mm or greater, a mods 
erate to large distal vascular bed and the absence of significant peripheral atherosclerosis carries a low 
risk of early occlusion (3 to 7 percent) and an expected 1 year patency rate of 73 to 76 percent. The 
adequacy of coronary arterial runoff markedly influences early occlusion and late patency of vein grafts: 





“466 Electrovectorcardiographic Changes After Proximal Right Coronary Areya Venous Bypass Graft and 
Distal Gas Endarterectomy 


ALBERTO BENCHIMOL, STEVEN D. PROMISLOFF and KENNETH B. DESSER 


Postoperative electrovectorcardiographic evidence of acute inferior wall infarction was demonstrated in 
9 of 10 consecutive patients after coronary saphenous vein bypass graft implantation. and distal. right 
coronary.gas endarterectomy. The finding may be due to the mechanical effects of the endarterectomy or 
to myocardial infarction. All 9 patients had a clinically uncomplicated postoperative course and were dis- 
charged on the 10th to 12th postoperative day. 





472 Clinicoarteriographic Correlations in Angina Pectoris With and Without Myocardial Infarction 
RICHARD S. COSBY, JOHN A. GIDDINGS, JACKIE R. SEE and MARY MAYO 


Coronary arteriographic data in 30 consecutive patients with-a history of prolonged severe angina pectoris 
leads to the following hypotheses: (1) angina results from proximal major vessel stenosis with inadequate 
service by collateral circulation, and (2) myocardial infarction arises from complete obstruction, often 
with retrograde flow in a major vessel. Minor degrees of myocardial infarction at the subendocardial level 
may follow inadequate collateral flow in days or weeks. 


476 Components of Delay in the Pre-Hospital Phase of Acute Myocardial Infarction 
ARTHUR B. SIMON, MANNING FEINLEIB and HOWARD K. THOMPSON, Jr. 


The median hospital arrival time for 160 patients with acute myocardial infarction was 2 hours. and 45 
minutes. The arrival time was significantly prolonged in patients with an increase in the severity of angina. ; 
pectoris and in those with a physician decision time of more than 1 hour. However, this delay did not sig- ae 
nificantly affect. the trend in hospital mortality rate. : 
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recordial Lead Precordial Lead 


To convert to normal sinus rhythm, 
“and maintain...and maintain... and maintain... 


CARDIO UIN tablets 


(quinidine polygalacturonate) 


Low B.I.D. or T.I.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY— INDICATIONS: Prevention and termination of atrial fibrillation, atrial flutter, atrial premature con- 
tractions, paroxysmal atrial tachycardia, paroxysmal ventricular tachycardia, premature ventricular contractions. 
CONTRAINDICATIONS: 1) Absolute: Complete atrioventricular heart block or history of previous sensitivity reactions. 
2) Relative: Partial a-v and bundle branch block, severe cardiac failure and hypertrophy, chronic valvular disease, 
subacute bacterial endocarditis, acute infection, advanced age. PRECAUTIONS: The same as with all quinidine salts. 
Frequent ECG recommended; discontinue drug if ECG shows conduction system defects. Decrease dosage if signs 
of cinchonism develop. Initial therapeutic dose should be used as test dose for possible hypersensitivity. COMPOSI- 
TION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 275 mg.) is equivalent in quinidine content to 3 grains 
quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be adjusted to individual needs, both for conver- | 
sion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate arrhythmias, and may be repeated in 
3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be increased by ¥2 to 1 tablet 
(137.5 to 275 mg.) and administered three to four times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED: 
Uncoated, scored tablets in bottles of 50. 
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-483 General Index for the Assessment of Cardiac Function 
ISRAEL MIRSKY, ANDRE PASTERNAC and R. CURTIS. ELLISON 


Values for “normalized velocity” derived from. the direct or-indirect methods detailed in this article provide 
reliable guides to myocardial function and permit meaningful comparisons among patients. : 


EXPERIMENTAL STUDIES 


492 Myocardial Lysosome Stability in the Early Stages of Acute Ischemic Injury 
MICHAEL A. RICCIUTTI 


Myocardial lysosome disruption was observed in specific ventricular areas of uniform and heterogeneous 
injury after. 4 hours of acute total ligation of the left circumflex coronary artery of the dog heart. Altera-. i 
tions in lysosome stability may be among the earliest structural changes during ischemic myocardial. 
injury. 








498 Lysosomes and Myocardial Cellular Injury 
MICHAEL X RICGIUTTI 


i yedeoma stability in left posterior papillary muscle sites after acute partial. ligation of the left circumflex 
coronary artery of the dog heart was significantly reduced within 1 hour and continued to decrease as the 
duration of the experimental period increased. The data suggest that the intracellular release of lysosomal. 
enzymes precedes cellular death and may initiate the cellular injury process. 


` Increased Coronary. Venous Inorganic Phosphate Concentrations During Experimental Myocardial 
Ischemia — 


LIONEL H, QFIE, MICHAEL THOMAS, PATRICIA OWEN and GERALD SHULMAN 





; After coronary arterial ligation in 46 dogs, the mean increase in local venous inorganic phosphate con- 
centration was about 75 percent of the basal value. Coronary sinus inorganic phosphate concentrations’ 
refi ecting the intracellular breakdown of high-energy phosphate compounds increase when more than 15. 
percent of the volume of the heart is ischemic. 


PEDIATRIC CARDIOLOGY 


514 Hemodynamic Considerations in the Development of Narrowing of the Aorta 
ABRAHAM M. RUDOLPH, MICHAEL A. HEYMANN and URSULA SPITZNAS 


This paper presents a new concept of the role of the ductus arteriosus in influencing the symptoms of in- 
fants with aortic narrowing. The appearance of localized juxtaductal coarctation in 18 infants with a low: 
incidence of associated intracardiac lesions suggests that aortic obstruction may be absent during fetal 
life because the widely patent ductus arteriosus alleviates aortic obstruction. Constriction of the ductus: 
arteriosus after birth produced the hypothesized aortic obstruction in fetal lambs with surgically simulated _ 
juxtaductal coarctation of the aorta. 
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Introducing the Burdick Compact Coronary 
Care Center designed and developed 
specifically for your budget, limited space, 
and cardiac procedures where unlimited 
mobility, versatility and full 

utilization are vital. 























The Burdick CCCC is many things 
including reasonably priced 


One-Bed ICU Facility 

Five-inch screen monitor with integral Heart 

Rate Meter; automatic-start electrocardiograph; 
patient alarm capability; mounted on mobile stand, 


Mobile Emergency Room 

An emergency-care station on wheels, equipped 
with Cardiac Monitor, HR-meter, DC Defibrillator, 
EK/5 Electrocardiograph and mobile stand. 
Cabinet space for essential drugs and supplies. 


Stress-Exercise Monitoring 

The value and importance of treadmill 
stress-testing procedures lie in the 
detection of clinically unsuspected or 
“silent” coronary heart disease. Equipment 
required includes the Burdick Coronary 
Care Center plus a treadmill. 


Monitoring in Surgery 

The CS/515 Monitor with integral 
heart rate meter provides constant 
coronary surveillance of the 
patient, with provision for auto- 
matic alarm, and can accompany 
the patient to recovery room. 


Mobile Electrocardiograph 

A highly mobile electrocardio- 
graph for general bedside use 
anywhere in the hospital at a 
moment's notice. Solid-state EK/5 
provides new diagnostic capa- 
bility and simplified operation. 
Equip your Burdick Compact 
Coronary Care Center for multi- 
department flexibility that can be 
tailored to your specific needs. See your 
Burdick dealer or write The Burdick 
Corporation, Milton, Wis. 53563. 


BURDICK: 
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: : 526 Dysrhythmias After Mustard’s Operation for Transposition of the Great Arteries 


GALAL EL-SAID, HARVEY S. ROSENBERG, CHARLES E. MULLINS, GRADY L. HALLMAN, 
DENTON A. COOLEY and DAN G. McNAMARA 


Only 3 of 60 survivors of Mustard's operation for transposition of the great vessels consistently showed 5i 
sinus rhythm. Fresh hemorrhage and acute inflammation in and about the sinus node were noted at 
necropsy in 2 patients recently operated on. The sinoatrial (8-A) nodal artery was obliterated by intimal: 
sclerosis and medial hypertrophy, and dense connecting tissue and fatty degeneration replaced the S-A 
node in 3 patients. Surgical modifications are suggested to minimize arrhythmias by protecting the S-A 
node and its arterial supply. ` 


533 Apparent Interruption of Atrial Conduction Pathways After Surgical Repair of Transposition of Great 
Arteries 


RONALD ISAACSON, JACK L. TITUS, JOHN MERIDETH, ROBERT H. FELDT and 
DWIGHT C. McGOON 





Postmortem examination of the hearts of 49 patients dying after operation for transposition of the great 
vessels showed significant relation between extensive surgical disturbance of the internodal pathways 
and postoperative serious dysrhythmias. Nodal rhythm always occurred when’ the middle atrial pathway 
and one of the other two pathways were injured. Injury to the posterior pathway alone was not associated 
with postoperative dysrhythmia. 





REPORTS ON THERAPY 


-536 Prolonged Treatment with Clonidine. Comparative Antihypertensive Effects Alone and with a Diuretic 
Agent 


WILLIAM J. MROCZEK, MICHAEL DAVIDOV and FRANK A. FINNERTY, dr. 


A maximal therapeutic response (normotension or a 20 mm Hg or more decrease in mean arterial. pres» 
sure) occurred in 45 percent of 29 hypertensive patients receiving clonidine alone and in 88. percent.of 83 
hypertensive patients receiving clonidine and a diuretic agent. The combination of clonidine and a diuretic 
agent appears to be an effective and well tolerated long-term treatment for patients. with moderately 
severe hypertension. i 





HISTORICAL MILESTONES 


< B542. J.J. Woodward (1 870) on the Histology and Photomicrography of Minute Blood Vessels 
SAUL JARCHO 


This paper concludes the historical subseries on inflammation. Woodward's histologic and photomicro- 
graphic data confirm the observations of Waller and Cohnheim and demonstrate the existence of inter- 
cellular stomata. 


CASE REPORTS 


547 Rupture of Chronic Left Ventricular Aneurysm After Acute Coronary Thrombosis 
J. EDWARD ROSENTHAL, PHILIP J. DAROCA, Jr. and LAWRENCE S. COHEN 


This unusual report describes a 42 year old man with a fatal cardiac rupture through a true ventricular” 
aneurysm. 
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Streu-lew 
Heart — 
Monitoring 









Now the complete capability for the safe, 
continuous monitoring and recording of patient 
heart action during PHYSICAL STRESS TESTING 
has been designed into one compact instrument! 


e The Model 2900 Heart Monitor features a large, two-channel oscilloscope display that permits 
continuous real-time observation of the patient’s ECG waveform during stress testing 

e A built-in digital heart rate meter that provides an easy-to-read numerical display of the patient’s 
heart rate and operates in an instantaneous mode of BPM or a mean-rate mode that averages 
the last 15 beats 

o A built-in ECG paper writer that is designed to AHA recommendations and can be used 
independently for 12-lead ECG’s 

e An optional automatic timer/programmer that can be preset to automatically turn on the paper 
writer and record at desired intervals 

e A unique, optional S-T segment computer/display that computes and numerically displays S-T 
segment elevations and depressions to one-tenth of a millimeter 


For more information and/or a demonstration, just use the reader service card or return the coupon below. 
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O Please send literature O Contact me for a demonstration 


Name & Tittò sn in E 


AVIONICS 


Organization 





Adáigss 2 Pin a S L a a i 
AVIONICS RESEARCH PRODUCTS 6901 West Imperial Highway, Los Angeles, California 90045 / Phone (213) 641-6334 
division of Del Mar Engineering Laboratories 
A-16 
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550 = Atrial Pacing in the Treatment of Refractory Ventricular Tachycardia Associated with Hypokalemia 
EDGAR LICHSTEIN, KUL CHADDA and SIDNEY FENIG 





Experience in 4 cases demonstrated the value of atrial pacing in controlling ventricular tachycardia 
associated with hypokalemia when more conventional drug therapy and direct-current cardioversion fail- 
to restore or maintain sinus rhythm. 


554 Congenital Atrioventricular Block with Multiple Ectopic Pacemakers. Electrocardiographic and 
-Conduction System Correlation 


ROBERT A. MILLER, ASHWIN B. MEHTA, ALBERTO CORONEL and MAURICE LEV 


in this unusual case of congenital atrioventricular block, electrocardiographic analysis suggested multiple 
ectopic pacemakers. Serial sections of the conduction system correlated well with this interpretation: 


-559 Cor Triatriatum Dexter. Persistent Right Sinus Venosus Valve 
CHARLES E. HANSING, WILLIAM P. YOUNG and GEORGE G. ROWE 


Resection of a right atrial membrane and closure of a small patent atrial septal defect and patent foramen 
ovale were successfully performed in a 25 year old patient. with cor triatriatum dexter: 'Dingangiography = 
demonstrated this atrial membrane preoperatively. f 


565 Pregnancy in 6 Patients with Starr-Edwards Heart Valve Prostheses 
CARLOS IBARRA-PEREZ and MANUEL DEL BOSQUE-RUIZ 


Experience with 6 pregnant women with Starr-Edwards prosthetic heart valves demonstrated that such 
patients can have safe pregnancies and normal children if the use of acenocoumarin. and. other anti- 
thrombotic drugs is closely controlled. In 4 patients the agent was given until term and discontinued 24 to 
48 hours before labor without maternal or neonatal mortality. 


- 569 Embolization of Left Atrial Myxoma After Transseptal Cardiac Catheterization 
FRANK PINDYCK, E. CONVERSE PEIRCE Il, MURRAY G., BARON and SALVADOR B. LUKBAN 
Systemic embolization from an unsuspected left atrial myxoma during cardiac catheterization for mitral 
stenosis is attributed to lodgment of the transseptal catheter in the myxomatous mass followed by the in- 


jection of contrast medium. In retrospect, the: discovery of hypergammaglobulinemia during serum elec- 
trophoresis should have increased the index of suspicion for myxoma in this 49 year old man. 


572  Clofibrate-Induced Acute Muscular Syndrome 
IGNANCY SEKOWSKI and PAUL SAMUEL 


Two patients with clofibrate-induced muscular syndrome showed normal serum glutamic oxaloacetic 
transaminase. and elevated serum creatine phosphokinase levels during the administration of clofibrate. 
The nature of this relatively rare syndrome is unclear. 
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NOW 


ISORDIL 


(ISOSORBIDE DINITRATE 
TEMBIDS CAPSULES, 40 mg. 


One capsule b. i.d. helps protect 
your angina pectoris‘ patients 
for up to 24 hours a day. 





THERE ARE TWO FORMS 

OF SUSTAINED ACTION ISORDIL— 
ISORDIL TEMBIDS CAPSULES, 40 mg., 
AND ISORDIL TEMBIDS TABLETS, 40 mg. 


Widely accepted Isordil Tembids Tablets are now 
joined by an additional sustained action form, 
Isordil Tembids Capsules, providing greater pre- 
scribing flexibility. 











*{ndications: Based on a review of this drug by 
the National Academy of Sciences—National 
Research Council and/or other information, 
FDA has classified the indication as follows: 





“Possibly” effective: When taken by the oral 
route, Isordil (isosorbide dinitrate) is indicated 
for the relief of angina pectoris (pain of cor- 
onary artery disease). It is not intended to abort 
the acute anginal episode, but is widely re- 
garded as useful in the prophylactic treatment 
lof angina pectoris. 


Final classification of the less-than-effective in- 
|dications requires further investigation. 








Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites dur- 
ing the early days of the acute phase of myocar- 
dial infarction (the period during which clinical 
and laboratory findings are unstable) are insuffi- 
cient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may occur. 
In patients with functional or organic gastroin- 
testinal hypermotility or malabsorption syndrome, 
it is suggested that either the ISORDIL 5 mg. or 
10 mg. Oral tablets or sublingual tablets be the 
preferred therapy. The reason for this is that a few 
patients have reported passing partially dissolved 
ISORDIL TEMBIDS tablets in their stools. This 
phenomenon is believed to be on the basis of 
physiological variability and to reflect rapid gas- 
trointestinal transit of the sustained action tablet. 
TEMBIDS SHOULD NOT BE CHEWED. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be severe 
and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral 
ischemia associated with postural hypotension 
may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, ace- 
tylcholine, histamine, and many other agents. An 
occasional individual exhibits marked sensitivity 
to the hypotensive effects of nitrite, and severe 
responses (nausea, vomiting, weakness, restless- 
ness, pallor, perspiration and collapse) can occur 
even with the usual therapeutic dose. Alcohol may 
enhance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information 
and/or professional samples? 


TEMBIDS — TRADEMARK FOR SUSTAINED ACTION TABLETS AND CAPSULES 


IVES LABORATORIES INC. (Gee) 


635 Third Avenue, New York, N.Y. 10017 © 
DEDICATED TO IMPROVING THE QUALITY 
OF LIFE, THROUGH MEDICINE 
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EDITORIALS 


- Treatment of Cardiogenic Shock with Mechanical Circulatory Assist—Fact or Fiction? 
ELIOT :CORDAY, SAMUEL. MEERBAUM and TZU-WANG LANG 








579 Medicine and the Mass Media 
o 0 CHRISTIAAN N. BARNARD 





SPECIAL DEPARTMENTS 


Reviews in Cardiology 


-College News 








CORRECTIONS 


Two errors- in the August issue of the Journal have been- called to our attention: 
1. John C: ‘Bailey, MD, should have been listed as the fourth author on the title ‘page of the article- 
by Anderson et al., “Electrophysiologic Studies on Wenckebach Structures Below the Atrioven- 
tricular Junction” (Amer J Cardiol 30:232-236, 1972). 
2. Inthe Letter to the Editor by Tsung O. Cheng, MD, “How to. Exchange a Giotted Percutane- 
; ously Introduced Intravascular Catheter Without Making Another Arterial Puncture” (Amer d. Cardiol 
; 30: 309; 1972), the last sentence of the second paragraph should have read as follows: “Once 
the sheath isinsi ide the vessel, the clotted catheter is removed and a new catheter i is inserted with 
|. vor without the holp ofa guide wire.’ i 
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At the first sign of trouble: 
o( Procainamide 


Pronestyl 


Contraindications: In patients with myasthenia gravis 
and where a hypersensitivity to procainamide and 
related drugs exists. Should not be given to patients 
with complete atrioventricular heart block. 
Administration: Oral administration is preferred. When 
parenteral therapy is necessary, intramuscular admin- 
istration is the method of choice. intravenous use 
should be limited to extreme emergencies, be admin- 
istered as a dilute infusion, and the patient be 
monitored electrocardiographically whenever prac- 
ticable throughout the infusion. The intravenous dose 
should not exceed 1 Gm. Administer at a rate not ex- 
ceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be 
made occasionally to determine its further need. 
Precautions: Evidence of untoward myocardial re- 
sponse should be carefully watched for in all patients. 
In the presence of myocardial damage with atrial fib- 
rillation or flutter, the ventricular rate may increase 
suddenly as the atrial rate is slowed; adequate digitali- 
zation reduces but does not abolish this danger. 
Ventricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an 
embolic episode may occur in correcting atrial fib- 
rillation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust 
the heart rate when ventricular tachycardia has oc- 
curred during an occlusive coronary episode or where 
the use of procainamide may result in additional de- 
pression of conduction and ven- 
tricular asystole or fibrillation as in 
A-V block, bundie branch block, or 
severe digitalis intoxication. 

Parenteral administration should 
be monitored electrocardiograph- 
ically whenever practicable. Paren- 
teral administration should be dis- 
continued at once if electrocardio- 
grams give evidence of impending 
heart block. This complication 
should be kept in mind when treat- 
ing ventricular arrhythmias (espe- 
cially parenterally) in patients with 
severe organic heart disease and 
ventricular tachycardia who may 
also have complete heart block. 
Since asystole may result if the ven- 
tricular rate is significantly slowed 
without attainment of regular atrio- 
ventricular conduction, procain- 
amide should be stopped and the 
patient re-evaluated. 

in the presence of both liver and 
kidney damage, normal dosage 
may produce symptoms of overdos- 
age—principally ventricular tachy- 
cardiaand severe hypotension. 

_ A syndrome resembling lupus 
erythematosus has been reported 
with maintenance procainamide 
therapy. Common symptoms are 
polyarthralgia, arthritis and pleur- 
itic pain. Fever, myalgia, skin le- 
sions, pleural effusion anc pericar- 
ditis may also occur. Rare cases of 
thrombocytopenia or Coombs- 
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FROM THE SQUIBB should occur and leukocyte counts 
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Films on these 
cardiovascular 


«Cerebral Vascular 
Diseases: The Chal- 
lenge of Management 

*Hypertension: The 
Challenge of Diagnosis 
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of the Heart 
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«Anomalies of the 
Aortic Arch 
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Interesting and 
informative motion 
pictures available -— 
without charge. Ask 
your Squibb Repre- 
sentative, or write: 
SQUIBB FILMS. 
Dept. C, PO. Box 4000, 
Princeton, N.J. 08540 
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The Priceless Ingredient of every product 
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Hydrochloride) Capsules & Injection 


positive hemolytic anemia, possibly related to this syn- 
drome, have beer reported: If any sign of lupus erythe- 
matosus occurs, LE cell tests should be performed; if 
cell tests are positive, discontinue drug. Steroid thera- 
py may be effective if discontinuation of procainamide 
does notcause remission ofsymptoms. Ifthe syndrome 
develops ina patient with recurrent life-threatening ar- 
rhythmias not otherwise controllable, steroid-suppres- 
sive therapy may be used concomitantly with procaina- 
mide. Tests at regular intervals for lupus erythematosus 
are recommended for patients on maintenance therapy. 
Adverse Reactions: Because procainamide is a peri- 
pheral vasodilator, it may produce a hypotensive 
response, sometimes precipitous when given intra- 
venously. Blood pressure should be measured almost 
continuously during the infusion which should be tem- 
porarily discontinued if the fall exceeds 15 mm. Hg. 
The hypotensive response is less likely to occur from 
intramuscular injection and is rare following oral ad- 
ministration. Serious disturbances of cardiac rhythm 
such as ventricular asystole or fibrillation are also 
more common with |.V. administration. 

Large oral doses may sometimes produce anorexia, 
nausea, urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness 
of mouth, throat, or gums; and symptoms of upper 
respiratory tract infection have been reported. 
Agranulocytosis has been occasionally reported fol- 
lowing prolonged use of the drug, and deaths have 
occurred. Therefore, routine blood counts are advis- 
able during maintenance thera- 
py. If any of the above symptoms 


cainamide therapy should be dis- 
continued and appropriate treat- 
ment should be instituted immedi- 
ately. Diarrhea, weakness, mental 
depression, giddiness, psychosis 
with hallucinations, hypersensiti- 
vity reactions such as angioneu- 
rotic edema and maculopapular 
rash, and bitter taste have been 
reported. 

The package insert should be 
read carefully to become familiar 
withthe recommended oral and 
parenteral dosage for the indi- 
cated conditions. 

Supply: Pronesty! Capsules (Pro- 
cainamide Hydrochloride Cap- 
sules U.S.P) providing 0.25 Gm. 

and0.5 Gm. are available in bot- 
tles of 100 and 1000, and Unimatic* 
Single Dose Packaging in cartons 

of 100. Pronestyl Injection (Pro- 
cainamide Hydrochloride  Injec- 
tion U.S.P) providing a 10% sterile 
aqueous solution (100 mg./cc.) 
with 0.9% (W/V) benzyl alcohol is 
available in 10 cc. vials. (A.H.FS. 
24:04} 

[Military FSN 6505-582-5370: Cap- 
sules, 0.25 Gm., 100’s; FSN 6505- 
299-8614: Inj.. 10 cc. vials; VA FSN 

6505-582-5371A: Capsules, 0.25 

Gm., 1000’s.} ©1972 6.9. SQUIBB & SONS, INC. 442-035 



































HP’s nurse knows 
patient monitoring... 
and how to help you. 


You know what a nurse wants to know about 
critical care monitoring instrumentation, when you 
have been there. Maryanne Schreiber, one of HP’s 
medical customer specialists, has been there — 
for five years at New York’s Mt. Sinai as head nurse 
of the cardiac surgical ICU ... in critical care units 
of other hospitals in New York, California, Florida 
and New Jersey .. . and by currently working an 
eight-hour shift each week in a major medical 
center in Boston. 


Maryanne’s job is to teach, and to listen — to be 
a knowledgeable, communicative liaison between 
technology and the medical community. When she 
describes new instrumentation techniques at HP 
Seminars for Nurses, she knows what’s on the 
nurses’ minds — because she is a working critical 
care nurse herself. By drawing on her own 
experience and that of hundreds of other nurses in 
the U.S. and foreign hospitals she visits, Maryanne 
can share valuable knowledge with many nurses — 
and with the engineers who design HP instruments. 
This way your suggestions, ideas and criticisms 
reach us firsthand through Maryanne. 


This constantly-open channel of communication 
with you is one of the ways we try to meet 
medicine's needs directly. Let us know how we may 
help you today: call or write Hewlett-Packard, 175 
Wyman Street, Waltham, Mass. 02154. In Europe: 
HPSA, P.O. Box 85, CH-1217 Meyrin-2, Geneva. 
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Dialose’ Plus has no pits... 


(diocty! sodium sulfosuccinate and sodium carboxymethyicellulose plus casanthranol) 








Andnopitfalls,either,inthe management And Dialose Plus softens and lubricates, 





of the constipated cardiac patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose® (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose)—for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 


N STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 
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An Affiliate of Chromalloy American Corp 
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For the cardiologist... 


| 
| 
| 
| 
| E 
| 
| BUSINESS REPLY MAIL 
an advanced diagnostic aid which oe 
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o Postage Stamp Necessary If Mailed in the United State 
Postage will be paid by: 


CRO-MED BIONICS CORP. 
An Affiliate of Chromalloy American Corp 
160 FIFTH AVENUE 

NEW YORK, N.Y. 10010 


multiples the cardiologists opportunities 
for service to Patients and colleagues 


THE COMPU-GRAM SYSTEM 


The only Automated Three Channel Diagnostic 
ECG System designed to be fully effective | 


inthe clinical environment 


Greatly increases speed and efficiency 
-vastly increases ECGs capability 


I Definitive, verified ECG diagnoses based on both cardiac rhythm and 
contour analysis are returned via teletype. 


BB Rapid turnaround — scheduled to your needs — 24 hours a day, 7 days a 
week. 


Daily and weekend pre-operative service — same day 
results at no added cost. 


E Superior stat and emergency services give 
results in minutes, 24 hours a day. 


E Consultation service with CRO-MED's staff of 
cardiologists available. 


B No capital equipment investment for most 
advanced three channel COMPU-CONSOLE™ 
which features a 12-lead scalar ECG system that p 
automatically records 4 groups of 3 leads i = 
simultaneously. | 


E COMPU-GRAM System eliminates laborious, 
time-consuming task of cutting and pasting tracings. 
In addition, the need for dictation and transcription of 
ECG diagnosis is eliminated. In addition, CRO-MED's 
console provides an 8 second tracing — 2 seconds 
per lead set in an already mounted format — that 





can be immediately placed on patient's chart. 





Bi Automated ECG analysis and interpretation frees the 
cardiologist from burdensome overload of reading 
ECGs and multiplies his opportunities for increased 
patient service and consultation. 


Clinically proven-Medically accepted 


The CRO-MED COMPU-GRAM System has been in 

development for over 5 years at The Mount Sinai Medical Center in 
New York and fully operational for over 3 years in major 

medical institutions. The enormous data storage of a digital 
computer allows utilization of 16,000 different ECG criteria for : 
analyzing data from each of the 12 leads. The computer prints out 
a complete analysis of the ECG, and provides a definitive ECG 
diagnosis which is returned in a concise teletype message. 


Gentlemen, 


Please send me more information 
about Compu-Gram. 











CRO-MED Bionics Corp. 


An Affiliate of Chromalloy American Corp 


160 Fifth Avenue, New York, N.Y. 10010 (212 675-5520 








TheThree cphygs 


from Tycos. 





With 65 years of manufactur- 
ing, refining and improving 
aneroids for the medical 
profession, and with over three 
million in use today, Tycos 
sphygs still lead the field in 
accuracy, speed and innovation. 


The big wall sphyg offers out- 
standing advantages for many 
hospital locations and 
physicians’ examination rooms. 
With a big 6%” dial and swivel 
bracket, it’s easy to read from 
anywhere in the room from 
any angle desired. 


The hand and pocket aneroids 
are quality diagnostic 
instruments, Their compactness 
and light weight make them 
easy and comfortable to carry 


wall: 


in pocket or bag. For the busy 
practitioner they can be counted 
on to give every day top 
performance. 


All three sphygs have the 
exclusive Tycos visual check 
for accuracy, and are backed 
by the famous Tycos 10-year 
warranty. When blood-pressure 
readings can be as simple as 
telling the time, why look for 
anything else. Ask your Tycos 


> One for the 





medical supply dealer to show 
you the three sphygs and all 
the other quality Tycos 
medical instruments. 


AT 


Taylor Instrument/Health Care Products 
Arden, N. C. 28704 


SYBRON CORPORATION 


John R., lying down 
to sleep was a real 
eye-opener. 


see 


eee 





Ph. D. ip the making. 


But until recently, it looked as if 
he might not make it. His prob- 
lem: insomnia. Clinically con- 
firmed. Unwanted wakefulness 
every night. It was wreaking 
havoc with his studies. And with 
his personal relationships, too. 

Quaalude®-300 (methaqualone) helped solve John 

R.’s problem...but under rather unusual circum- 

stances. 

John R. volunteered to participate... along 
with nine other confirmed insomniacs...in a sleep 
study' of experimental design, single blind, to evalu- 
ate Quaalude-300 against a placebo. Sequentially, 
there were three placebo nights, followed by three 
drug nights, followed by four placebo nights. EEG 
recordings were obtained continuously from 2300 to 
0600 hours. He returned for a second period of 10 
days three weeks later. 

Goldstein, et a/.,? reported that two statis- 
tically significant benefits of Quaalude-300 were 
apparent in this particular study. 

e Time needed for the insomniacs to fall asleep was 
reduced. 

e Intermittent periods of wakefulness.. 
among insomniacs.. 
was used. 

Other clinical studies, plus experience in 
medical practice throughout the world, have estab- 
lished the therapeutic value of non-barbiturate 
methaqualone: Quaalude can induce sleep in 10 to 
30 minutes; it usually helps produce 6 to 8 hours 
of restful sleep; Quāālude patients usually awaken 
easily and without evidence of “hangover.” 

Side effects reported have been mild, tran- 
sient, and have often proved to be statistically 
insignificant when compared to placebo effects. 
Psychological dependence occasionally occurs, 
physical dependence rarely reported. (See Brief 
Summary of Prescribing Information.) 

Maybe your patients can benefit as John R. 
did, by your prescribing Quaalude. 


. S0 common 
.were shorter when Quaalude 


Indications: Sleep. Daytime sedation. 


Usual Adult Dose: For s/eep, 150-300 mg. at bedtime. For pa 
tients previously on other hypnotics, 300 mg. ct to seve 
nights. For sedation, 75 mg. t.i.d. or q.i.d. Not re¢@mmended i 
children. Dosage should be individualized for aged, debilitate 
or highly agitated patients. 


with restlessness and hypertonia, progressing to convuls 
Evacuate gastric contents, maintain adequate ventilation "arc 
support blood pressure, if necessary. Dialysis may be helpful 
Analeptics are contraindicated. Succinylcholine accompanie 
by assisted respiration has been proposed for prolonged con 
vulsions. Overdoses of methaqualone appear to be less ofte 
associated with cardiac or respiratory depression than are over- 
doses of oral barbiturates, but shock and respiratory arrest ma 
occasionally occur. 


Overdosage: Acute overdosage may result in delirium and | 


Contraindications: Contraindicated in women who are or ma 
become pregnant; or patients with known hypersensitivity. 


Warnings: Take hypnotic dose only at bedtime. Not recom 
mended in children. Warn patient on Quaalude® (methaqualone) 
against driving a car or operating dangerous maghinery. Car 
needed when administered with other Se ee o 
psychotropic drugs or alcohol because of possi additive ef 
fects. Pending longer clinical experience, Quāālude should not 
be used continuously for periods exceeding three months. Psy 
chological dependence occasionally occurs. Physical depend 
ence rarely reported. However, caution needed with addiction 
prone patients. 


patients with anxiety states where impending depressior 
suicidal tendencies exist. Give in reduced doses, if at all, in 
tients with impaired hepatic function. 


Precautions: Use with caution and prescribe small a | 


Adverse Reactions: Neuropsychiatric: headache, hangover, fa 
tigue, dizziness, torpor, transient paresthesia of the extremities: 
An occasional patient has experienced restlessness or anxiety 
Hematologic: aplastic anemia possibly related to methaqualone 
has been very rarely reported. Gastrointestinal: dry mouth, ano 
rexia, nausea, emesis, epigastric discomfort, diarrhea. Derma 
tologic: diaphoresis, bromhidrosis, exanthema. Urticaria has 
been particularly well documented. 


Supplied: Quadalude-150 (150 mg. white, scored tablets). 
Quaalude-300 (300 mg. white, scored tablets). 


Consult complete literature before prescribing. 


1. A Comparative Study of the Effects of Methaqualone...on Sleep in Male 
Chronic Insomniacs, Goldstein, L. et al.: J. Clin. Pharmacol. 10: 2584 
268, 1970. 


. An Analysis of Effects of Methaqualone...on Sleep in Insomniac Sub; 
jects, Goldstein, L. et al.: Res. Communications in Chem. Path. andl 
Pharmacol. 2: 927-933, 1971. 


a non- salu 


Quaalude: 300 mg. tablets 


For a good morning after a sleep-through night. 


WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 
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He had 2 hours of 


angina protection. 


For up to two hours of protection, your 
angina patient needs more than sub- 
lingual nitroglycerin. And Chewable 
Sorbitrate tisosorbide dinitrate) provides more. 


_ DActs almost as fast as nitroglycerin... 

| lasts about 4 times as long. 

_ OMore stable in air than sublingual 

_ nitroglycerin: it can be stored or carried 
with no significant loss of potency. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of Action: The mechanism of action of SORBITRATE (isosorbide di- 

nitrate) is unknown, although ihe basic pharmacologic action is to relax 

smooth muscle. Isosorbide dinitrate reduces in number and severity the 
i ine gente g angina:pectoris attacks, with concomitant reduction in nitro- 

ycerin intake. 
indications: Sublingual and Chewable: For the prevention and treatment 
of angina pectoris, A 
Oral: For the raliet of angina Pee. Ht ig.not intended to abort the acute 

anginal episode. SORBITRATE. WITH PHENOBARBITAL is indicated for 

prens in whom the angina pectoris is accompanied by anxiety or its re- 

ated symptoms. 

Contraindications: A history of sensitivity to the drug, 

Warnings: Data supporting the use of nitrates during the early days of the 

acute. phase of myocardial infarction are insufficient to establish safety. 

Phenobarbital may be habit forming, , 

Precautions: Should be used: with caution in patients who have glaucoma. 

Tolerance and cross tolerance to other nitrates may occur. R 

Adverse Reactions: Headache which may be severe and persistent. Lower- 

ing the dose and using analgesics will heip contral the headaches which 

usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally; Cutaneous vasodilation with tushing; 
‘Transient dizziness and weakness as well as other signs of cerebral ischemia 
associated with postural hypotension, individual marked sensitivity to the 

hypotensive effects. of nitrates wherein severe responses can occur even with 
» the usual therapeutic dose (alcohol may enhance this effect}; drug rash and/ 
or exfoliative dermatitis: 
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NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 
















































































This drug can act as a physiological antagonist to norepinephrine, ace. 
tyicholine, histamine and other agents. 
Dosage and Administration: Route. Sublingual, oral and chewable tablets: © 

individual Dose: To ‘minimize hypotensive responses, which may. 
occasionally be severe with chewable doses as low as 6 mg., the smallest: 
effective dose should be employed. Chewable tablets are generally given in \ 
doses of §. mg. Sublingually or orally, 5 to 10 mg. is the range commonly s 
used although doses of upto 30mg. have frequently been employed. enone 

Dosage Schedule’ Smallest effective dose necessary lor the prevention : 
and treatment-of pain of an anginal attack. Sublingual SORBIT ATE may °°: 
be taken p.t.n. of at 4 to 6 hour intervals: Oral SORBITRATE may be taken” 

3 or4 times daily Chewable SORBITRATE. may be taken for prompt relief” 
ofanginal pain.3 or4 times daily. Although the onset and duration of effect of 
coronary nitrates ma vary lowing are the generally reported ranges 














of these values for SORB i a 

Onser of Effect: Sublingual and Chewable: 2 to § minutes. Oral: 15 to 30 
minutes, 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours, Orak Estimated 
to be 4 to 6 hours. 

itis recommended that the oral dosage be taken on an empty stomach: 


STUART PHARMACEUTICALS | Pasadena, Calif:91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


goes beyond the benefits of sublingual nitroglycerin. 





ISOSORBIDE DINITRATE 5 mg. 


- And when indicated: Sorbitrate’ (isosorbide dinitrate) Sublingual 5 mg. and 2.5 mg. 
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Excessive anxiety in the 


The Somatic Protest 


Although he has valid reason for con- 
cern, the person convalescing from myo- 
cardial infarction may react to his illness 
with disproportionate anxiety, which can 
hinder smooth recovery and rehabilita- 
tion. Undue anxiety and emotional 
tension may, in some patients, markedly 
increase catecholamine excretion during 
stay in, and on day of transfer from, the 
CCU, causing increased heart rate, in- 
creased cardiac output and intensified 
























Pitti oxygen consump- 

part tion by heart muscle. 
Excessive anxiety 

moet interorwa can (1) increase feel- 


myocardial infarct. 


Right bundle branch block. INS Of frustration at 
forced inactivity, (2) foster undue preoc- 
cupation with heart function, (3) diminish 
capacity to tolerate prospect of work 
stress and (4) retard rehabilitation. A 
calm outlook and reduction of excessive 
emotional stress are thus desirable. 

Adjunctive anti- 
anxiety medication, 
when needed to 
complement coun- 










assurance, 
should be 
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postcoronary patient... 


both effective and comparatively free 
from undesirable side effects. Extensive 
clinical experience has demonstrated 
that Librium (chlordiazepoxide HCI) ful- 
fills these requirements with a high 
degree of consistency. 

Librium has an outstanding record 
of effectiveness with safety. After more 
than 12 years of wide clinical use, expe- 
rience with Librium continues to reflect 
its highly favorable therapeutic index. In 
general use, the most common side 
effects reported have been drowsiness, 
ataxia and confusion, particularly in the 
elderly and debilitated. At the physician’s 
discretion, Librium may be administered 
for extended periods, without diminution 
of effect or need for increase in dosage. 
When treatment is prolonged, periodic 
blood counts and liver function tests are 
advisable. When anxiety has been re- 


duced to tolerable levels, Librium therapy 


should be discontinued. 


For moderate to severe 
anxiety adversely affecting 
cardiac function 


: „adjunctive 
Librium: 10mg 
(chlordiazepoxide HC) 
1or 2 capsules tid/gid. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see following page for summary of product information. 





Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about 
possible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against 
hazardous occupations requiring complete 
mental alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to small- 
est effective dosage (initially 10 mg or less 
per day) to preclude ataxia or oversedation, 
increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, 
if combination therapy with other psycho- 
tropics seems indicated, carefully consider 
individual pharmacologic effects, particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treatment 
of anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures necessary. 
Variable effects on blood coagulation have 
been reported very rarely in patients receiv- 
ing the drug and oral anticoagulants; causal 
relationship has not been established 
Clinically. 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libido 
—all infrequent and generally controlled 
with dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; blood 
dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been 
reported occasionally, making periodic 
blood counts and liver function tests advis- 
able during protracted therapy. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Oral — Adults: 
Mild and moderate anxiety and tension, 5 or 
10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or g.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxide 
HCl) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose® 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500. With respect to 
clinical activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Adjunct to cardiovascular drug therapy 


Librium (chlordiazepoxide HCI) is used concomitantly 
with certain specific medications of other classes of drugs, 
e.g., cardiac glycosides, diuretics and antihypertensive agents, 
whenever anxiety is a clinically significant factor. 


for relief of excessive anxiety in functional 
and organic cardiac disorders 


adjunctive Librium 


(chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 
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Square-wave electromagnetic 


blood flowmeter —__— 
that measures up to 

the most advanced concept 
in medical engineering 


Here is why — 


O Precise measurement of volumetric 
blood flow in surgically exposed 
arteries and veins 

The wide-band amplifier is specially 
designed to cover very high frequency 
pulsatory movements of the blood in 
the vessel. The square-wave magnet 
excitation system generates ten-times 
larger signal than sine-wave excitation 
system. In the sine-wave excitation 
system, the major noise signal so-called 
quadrature sine-wave is mixed on the 
flow induced sine-wave at 90 degrees 
out of phase; but in the square-wave 
system this kind of noise appears only 
at the spike transient. Further, the 
synchronized multiple pulse system 
serves to cut down the electric power 
dissipation without affecting sensitivity. 
All these ensure the top-most accuracy 
in blood-flowmetry that cannot be 
overcome by any other method, 


O Stable operation over wide-frequency 
range and a variety of operational 
conditions 

Thanks to the high-frequency square- 
wave excitation system the transformer 
component is eliminated, resulting in 
stable operation over wide-frequency 
range. And together with the unique 
probe that is constructed with less mass 
the overall construction ensures low 
base line drift: Temperature coefficient, 
for example, is 0.025uV/°C (input 
equivalent). 





O There are four types of probes, 
each offering a variety of sizes 
Acute-type for acute animal experi- 
ments and clinical flowmetry — 

30 sizes from 1 ~ 30mm inner dia, 
Chronic-type for long-term experi- 
ments — 

30 sizes from 1 ~ 30mm inner dia. 
Cannula-type for flow measurements 
in the heart lung bypass or other 
perfusion applications — 

13 sizes from 1.5~ 16mm inner dia. 
Catheter-tip type for insertion into 
larger blood vessels — 

It is able to detect the blood flow 

without direct exposure of the 

vessel wall. 





LJ Simultaneous measurement of 2, 4 
or more flows 

Thanks again to the synchronized 
multiple pulse operation, simultane- 
ous multi-channel recording is pos- 
sible without any interference among 
probes. Desired number of amplifiers 
(MF-26 — up to 2; and MF-46 — up 
to 4) can be rack-mounted in the 
cabinet, allowing you to start from 
one-channel ... and to add more in 
the future. 


LJ Easy-to-use construction designed 
with the men-on-the-job in mind 

O Simple calibration by setting the 
CALIBRATION vernier dial to the 
calibration factor indicated on a 
probe, 

© Pushbutton switch for magnetic 
field excitation that lights to indicate 
the operating status. 

O Optional probe switching box. 

O Amplifier input circuit that en- 
dures against external voltages 10V ~ 
2kV such as countershacks by a 
defibrillator, 





NIHON KOHDEN 


NIHON KOHDEN KOGYO CO.,LTD. 


31-4, Nishiochiai 1-chome, Shinjuku-ku, Tokyo 161, Japan 
Cable: MEKOHDEN TOKYO Telex: J24804 MEKOHDEN Telephone: (03) 953-1181 
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General Electric 
patient monitoring systems 
reflect homework, 
not guesswork 


We visit hospitals. Talk with 
administrators and critical 
care teams. Then build 
equipment prototypes— 
test and retest. But every 
effort worth it. 


Our full line of modular 
patient monitoring systems 
is a direct response to what 
hospitals told us such systems 
should be. Systems that 
reflect GE's commitment to 
provide whatever it takes to 
meet the real patient care 
needs in hospitals like yours. 
For now. And for the long 
haul too. Full-spectrum 
systems which combine 
electronic stability, patient 





safety, accuracy and 
lasting reliability. 


That's true wherever patient 
care demands a continual, 
up-to-the-moment input of 
information. In ICU/CCU 
areas. In intermediate care. 
Surgery. Emergency. Even 
pediatrics. 


But, let's be specific. 


GE emphasizes safety 
throughout. So, we optically 
couple our ECG amplifiers 
to isolate patients from 
ground as a protection 
against shock hazards. 


As critical care areas grow 
and change you'll appreciate 
GE's modular flexibility; 
monitoring configurations 
that make optimum use of 
available space. Systems can 
be combined and/or 
interchanged without 
revamping the entire 
installation. 


For ambulatory patients, you 
can extend your critical care 
team's watchful eye via 
telemetry. The system 
transmits and displays data, 
for up to 20 patients, from 
distances of 300 or more 
feet away. 





And, you can provide 
procedure room radiographic 
capability at bedside for 
critical care patients with 


GE's AMX-110™ auto/mobile 
x-ray system. It's cordless; 
no expensive wiring needed. 
Features variable speed 
power drive so even the 
smallest tech can handle it 


To help you get these, and 
our many other patient care 
systems, GE Mind-Easer 
Leasing Plans provide 
financial peace of mind. 


Ask your GE representative 
for all the details on 

General Electric total critical 
care systems. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, Liege 


GENERAL @ ELECTRIC 


See New and Integrated Monitoring Systems from General Electric: American Heart Association, Nov. 16-19, Dallas. 
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for clinical 
applications 


è Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


@ Patient safety assured 
through isolation circuitry 


@ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 


FLOW 
PROBES 


for 
clinical 
applications 


è Convenient, handle-ty pe 
probe with positive 
capture slide 


@ Designed for O.R. and 
cath lab use 


è For rapid analysis of 
flow through exposed 
blood vessels 


è Use with Biotronex 


FLOW 
PROBES 


for = 
bypass 
applications 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 

@ iron core construction 
provides high sensitivity 
and accuracy 

@ Operates with BLI 
research and clinical 
blood flowmeters 


@ Available in sizes to fit 


per minute 


clinical blood flowmeter most tubing 





Biotronex Laboratory, ING. 9153 Brookville Road Silver Spring, Maryland 20910 Phone: 301/588-6400 


An ECG at your fingertips. 


Layered controls for fingertip operation. Human engineered for efficient, precise 
use. Meets or exceeds all present safety standards. 


ELECTROCARD OGRA py 
01-1009 





The new MDI-1000 electrocardio- 
graph from Med Data. With an 
advanced front panel featuring 
layered controls so an ECG can 
be taken without interruption or 
stopping to adjust controls. 


To learn more about our special 
keyboard, features and options — 
and how you can put the MDI-1000 
under your ECG technician’s fin- 
gertips — return the coupon. 


SYSTEMS] .. . On record for innovation 
Med Data 


in medical data systems 
E I’m interested. 
[] Please send more information on the MDI- 
1000 


O Please have your representative contact me 
about a free trial 











NaMe- nÁ- 


netia 


Address 
City. State. =. ZIP. 
Return to: Med Data, Inc., Dept. AJ, 


L 2715 Marshall Court, Madison, Wis. 53705 
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WHAT WE DON’T KNOW 
ABOUT OUR DIET CAN HURT US, 
HEART PANEL FINDS 


Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources; reached in the course of its in- 
vestigation of risk factors in cardiovascular 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that “Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising: ’* 

Helping people to choose foods wisely is 
something we've been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary information— model 
menus and recipes—so they can plan bal- 
anced family meals low in cholesterol and 
saturated fats, and you don't need to spend 
as much of your own time in explanation. If 
you would like sample copies to give your 
patients, just fill out and mail the coupon, 
and we'll be happy to oblige. 


*Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 





Fleischmann’s Margarines 
Box 1180 
Elm City, North Carolina 27822 


Please send me sample copies of the following 
publications: 


O Dietary Control of Cholesterol" 
O "Low-Sodium Diets Can Be Delicious” 


O "The Prevention of Heart Disease Begins 
in Childhood" 


Dr. 


street 

city 

state zip 

Allow 4 to 6 weeks for delivery. Orders without ZIP code 


cannot be accepted. Offer good only in U.S.A. Void where 
prohibited or restricted by law. 


Fleischmann's Margarine a~ 
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When 

the heart 

is under 

; catecholamine 





Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myocardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


“i 





Brand of 


Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls by a 
nonspecific antiarrhythmic action. 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 





the beta-adrenergic blocking agent 


Inderal 


propranolol hydrochloride 


10mg. and 40mg. Tablets 
1mqg./cc. Injectable 


(See following page for Brief Summary.) 


DRADE DUININANE 


(For full prescribing information, see package circular.) 


Inderal’ 
(propranolol hydrochloride) 





BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), 
THE PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH 
THE BASIC CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 





INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
c) Atrial flutter and fibrillation 
In the majority of cases of flutter or fibrillation, a beneficial effect is ob- 
tained by the reduction of ventricular response (reduced ventricular rate) 
to the atrial tachyarrhythmia by partial A-V block. Occasionally, normal 
sinus rhythm may be restored, but the mechanism of this action is un- 
known. 
d) Tachyarrhythmia of digitalis intoxication 
Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. 
Digitalis-induced tachyarrhythmias are usually reversible within minutes 
by INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance with oral therapy is indicated. (See Dosage and Administra- 
tion.) 
e) Tachyarrhythmias associated with anesthesia 
Tachyarrhythmias during anesthesia may sometimes arise because of car- 
bon dioxide accumulation, surgical stimulation, or catecholamine admin- 
istration. When usual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL should not be used to 
treat arrhythmias associated with anesthetics that produce myocardial de- 
pression, for example, chloroform and ether. 
f) Ventricular tachycardias 
When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may 
be given intravenously slowly and in low dosage. (See Dosage and Ad- 
ministration.) Although risks must necessarily be taken to control the ar- 
rhythmia in these cases, the cautious use of the drug will reduce them to a 
minimum. Care in the administration of INDERAL and constant monitoring 
with an electrocardiograph is essential, as the failing heart requires some 
sympathetic drive to maintain myocardial tone. 
g) Occasionally in severe tachyarrhythmias, the reduction of ventricular 
rate with use of INDERAL may permit a more accurate electrocardiographic 
diagnosis of the arrhythmia. 
2) HYPERTROPHIC SUBAORTIC STENOSIS 
INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3) PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines, Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
tumors, but do not prevent excessive cardiac stimulation by catechola- 
mines. However, INDERAL should always be used concomitantly with 
alpha-receptor blockaders since antagonism of the dilator (beta) action of 
epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
operable or metastatic pheochromocytoma, INDERAL is a useful adjunct 
to the management of symptoms due to excessive beta-receptor stimulation. 

CONTRAINDICATIONS 

INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second 
degree or total heart block; 4) cardiogenic shock; 5) right ventricular fail- 
ure secondary to pulmonary hypertension; 6) congestive heart failure (see 
under WARNINGS) unless the failure is secondary to a tachyarrhythmia 
treatable with INDERAL, i.e. some patients with congestive failure exhibit- 
ing rapid heart rates due to a strong sympathetic component, with in- 
adequate response to maximum doses of digitalis and diuretic, may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that produce myocardial depression 
such as chloroform and ether; 8) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 

WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a significant component in 
supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depres- 
sing myocardial contractility and precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover 





selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e. that of supporting the strength of myocardial contractions). 


In patients without a history of cardiac failure, continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed during INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized, and the response observed closely: 
(a) if cardiac failure continues to progress, INDERAL therapy must be 
immediately withdrawn; (b) however, if tachyarrhythmia is being con- 
trolled, patients should be maintained on combined dosage and the patient 
closely followed until threat of cardiac failure is over. 


PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised in 
the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or 
oral hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pulse pressure changes) of acute hypoglycemia. 


USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established. Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed when INDERAL is introduced into the treatment regi- 
men. The added catecholamine blocking action of this drug may then pro- 
duce an excessive reduction of the resting sympathetic nervous activity. 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
tacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 

In the majority of patients INDERAL is well tolerated, and side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Nausea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and fa- 
tigue) have been observed during the course of clinical investigation. One 
case of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined with aching and 
sore throat, visual disturbances, and hallucinations have also been re- 
ported. Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL. 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 


tablished. 
DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 


ORAL 

Arrhythmias—10-30 mg. three or four times daily, before meals and at 
bedtime. 

Hypertrophic Subaortic Stenosis—20-40 mg. three or four times daily, before 
meals and at bedtime. 


Pheochromocytoma—Preoperatively—60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent.—Management of inoperable tumor—30 mg. daily in divided doses. 


INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rate of administration should not exceed 1 mg. (1 cc.) per minute. Suffi- 
cient time should be allowed to enable a slow circulation to carry the 
drug to the site of action. Once an alteration in rate of rhythm is recorded, 
it is advisable to give no further INDERAL until the full effect is observed. 

Depending on the response, a second dose may be repeated after two 
minutes. Additional medication should not be given in less than four hours. 
Therapy with oral dosage is advisable as soon as possible. 
NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 
Inderal® 
(propranolol hydrochloride) 

TABLETS-No. 461—Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. 
—No. 464—Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 
INJECTABLE-No. 3265—Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Sup- 
plied as: 1 cc. ampuls—Boxes of 10. 


A AYERST LABORATORIES 
©| New York, N.Y. 10017 


INDERALF® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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Other defibrillators 
give you more: 


More weight. 
More complexity. 
More cost. 


Take weight. The Gould is 
the lightest and most portable defibrillator you can buy. 
Look what our heaviest model packs into just 25 pounds: 
Up to 300 watt-seconds of energy, and 60 shocks, from 
just one battery charge. A built-in scope showing clear, 
readable ECG waveforms. And a built-in synchronizer 
for cardioversion. 

Take complexity. Even though it has all the features of 
a console, our defibrillator is extremely simple to oper- 
ate, And safe. Because it has a fail-safe switching device 
to protect against accidental discharging. A built-in 
automatic test circuit to verify full effective energy out- 
put. And special batteries you can’t damage by complete 





and repeated discharging. 

Take cost. It’s so low you can probably afford several, 
in locations where they’ll be needed. In coronary care 
units. Surgery. Recovery and emergency rooms. Labor 
rooms. Medical wards. Or any other area where cardiac 
arrests may be precipitated or must be handled as 
emergencies. 

Available accessories include an FM converter to 
transmit ECG waveforms by telephone. 

For details or to arrange a demonstration, contact: 
Gould Inc., Instrument Systems Division, 3631 Perkins 
Ave., Cleveland, Ohio 44114. Telephone (216) 361-3315. 
Or Rue Van Boeckel 38, Brussels 1140 Belgium. 





MEDICAL SYSTEMS 


=" GOULD 
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IN CARDIAC EDEMA 





_ DYAZIDE 


Trademark 
Each capsule contains 50 mg. of Dyrenium” (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 


GETS THE WATER OUT... SMOOTHLY 
SPARES THE POTASSIUM... CONSISTENTLY 


CONTROL 


The triamterene in ‘Dyazide’ works independently of 
aldosterone, so that ‘Dyazide’ keeps working in heart 
patients even when aldosterone levels rise and plain 
thiazides tend to lose effectiveness. 


COMFORT 


With ‘Dyazide’ there’s less chance of muscle 
weakness, leg cramps and fatigue from excessive 
loss of potassium. 


ECONOMY 


Dose for dose, the cost of ‘Dyazide’ is comparable to 
that of plain hydrochlorothiazide. 


Before prescribing, turn page for information on 
indications, contraindications, warnings, precautions 
and adverse reactions. 
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Each capsule contains 50 mg. of Dyrenium® (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 


‘Dyazide’ can occasionally cause hyper- 
kalemia. Accordingly, serum potassium and 
BUN should be checked during therapy, 
particularly in patients with suspected or 
confirmed renal insufficiency (e.g., elderly 
or diabetic patients). If hyperkalemia 
develops, ‘Dyazide’ should be withdrawn 
and a thiazide alone substituted. 


The Dyrenium (triamterene, SK&F) compo- 
nent of ‘Dyazide’ conserves potassium. 
Therefore, dietary supplements or potas- 
sium salts should not be used with ‘Dyazide’ 
unless hypokalemia develops or dietary 
intake of potassium is markedly impaired. 
Use ‘Dyazide’ with caution during preg- 
nancy or in women who might bear children; 
its potential benefits should be weighed 
against possible hazards to the fetus. 


Before prescribing, see complete prescribing information 
in SK&F literature or PDR. 

Indications: Edema associated with congestive heart 
failure, cirrhosis of the liver, the nephrotic syndrome; 
steroid-induced and idiopathic edema; edema resistant to 
other diuretic therapy. Also, mild to moderate hypertension. 
Contraindications: Pre-existing elevated serum potassium. 
Hypersensitivity to either component. Continued use in 
progressive renal or hepatic dysfunction or developing 
hyperkalemia. 

Warnings: Do not use dietary potassium supplements or 
potassium salts unless hypokalemia develops or dietary 
potassium intake is markedly impaired. Enteric-coated po- 
tassium salts may cause small bowel stenosis with or 
without ulceration. Hyperkalemia (>> 5.4 mEq/L) has been 
reported in 4% of patients under 60 years, in 12% of 
patients over 60 years, and in less than 8% of patients 
overall. Rarely, cases have been associated with cardiac 
irregularities. Accordingly, check serum potassium during. 
therapy, particularly in patients with suspected or con- 
firmed renal insufficiency (e.g., elderly or diabetics). If 
hyperkalemia develops, substitute a thiazide alone. If 
spironolactone is used concomitantly with ‘Dyazide’, 
check serum potassium frequently — both can cause potas- 
sium retention and sometimes hyperkalemia. Two deaths 
have been reported in patients on such combined therapy 
(in one, recommended dosage was exceeded; in the other, 
serum electrolytes were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible blood dyscra- 
sias, liver damage or other idiosyncratic reactions. Blood 
dyscrasias have been reported in patients receiving 
Dyrenium (triamterene, SK&F). Rarely, leukopenia, throm- 
bocytopenia, agranulocytosis, and aplastic anemia have 
been reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thiazides are 
reported to cross the placental barrier and appear in breast 
milk. This may result in fetal or neonatal hyperbilirubi- 
nemia, thrombocytopenia, altered carbohydrate metabolism 
and possibly other adverse reactions that have occurred in 








possible hazards to fetus. 

Precautions: Do periodic serum electrolyte and BUN 
deterrainations. Do periodic hematologic studies in cir- 
rhotics with splenomegaly. Antihypertensive effects may 
be enhanced in postsympathectomy patients. The follow- 
ing may occur: hyperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible metabolic 
acidosis, hyperglycemia and glycosuria (diabetic insulin 
requirements may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical patients. Con- 
comitant use with antihypertensive agents may result in an 
additive hypotensive effect. 

Adverse Reactions: Muscle cramps, weakness, dizziness, 
headache, dry mouth; anaphylaxis; rash, urticaria, photo- 
sensitivity, purpura, other dermatological conditions; 
nausea and vomiting (may indicate electrolyte imbalance), 
diarrhea, constipation, other gastrointestinal disturbances. 
Rarely. necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, and xanthopsia have occurred with thiazides 
alone. 


Supplied: Bottles of 100 capsules, 


SK&F CO. 
Carolina, P.R. 00630 
A subsidiary of Smith Kline & French Laboratories 


Write on, 
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Write on.. 












Write on with a more legible, higher quality trace. 


Write on less expensive paper, for substantial savings in paper costs. 


Write on long after other ECG systems need new pens. 


The new MDI-2000 — a unique new tool for 
electrocardiology. Our servo pen motor 
provides sharper, clearer readout. A non- 
thermal pen system saves us a step in paper 
production, and thus saves you about % 
in paper costs. 


The clear, high quality trace never varies, 
because unlike all other ECG machines, the 
MDI-2000 has a pressure-ink writing system. 
This means the pen is always ready to write, 
there are no leaks when the unit is off and 
stylus replacement is eliminated. And a 
drop-in cassette makes reloading of paper 
easier and faster. 


The new MDI-2000. The only system of its 
kind available. And the only fully automatic 
machine in its price range. Write today for 


mo) 


TOH Med Data °° 


Name 





Please send more information about the MDI-2000’s unique writing 
system, along with a sample test report. 


our complete AHA test report. We'll also 
send you a typical MDI-2000 electrocardio- 
gram, so you can see for yourself the crisp 
ECG’s this new system produces. 


SERET 


PANOA Stan 


ECrotnautocRnpy 





. On record for innovation 
in medical data systems. 





Title 





Institution 





Address 
City. 
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Return to: Med Data, Inc., Dept. AJ | 
2715 Marshall Court, Madison, Wis. 53705 | 
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Rene, 


che sleeping giant. 


just. woke up. 


You've long known the Litton name in 
association with advanced technology. You've seen 
our mark on much of today's complex medical apparatus 
—from diagnostic x-ray and ultrasound equipmer nt to 
complete intensive care installations; from massive cobalt 
therapeutic radiation units to portable fetal heart 
monitors. But we doubt if you ever realized just how 
much. Because we ourselves didn't realize until recently. 







We took inventory of our affiliated, subsidiary and associated 
companies serving the medical profession. And found 
a world-wide organization with more design engineers 
on staff than all the rest of the industry put together. 
So we're bigger than anybody else. And enormously capable. 


But none of that does you any good without the third element 
that's been an industry-wide problem: Access. We've set 

up to solve that once-and-for-all, too—through 87 Profexray offices, 

nationwide. One local man will work with you. In design. In 

application. In installation. And in service. Direct. No middlemen. 

No run-arounds, After all, standing right behind that one man is 

a new giant. Who's now very 
wide-awake to your needs. 


Ho Ho Ho Hum. LH PROFEXRAY 


Litton Des Plaines, Illinois 60018 










See us at Booths K 10-11 and J 10-11 
at the American Heart Association Show 
in Dallas, November 16-19. 








For extra monitoring safety, nothing com- 
pares with Statham’s P23 Ia isolated pressure 
transducers. 

Latest in the world’s most popular 
transducer series, our P23 Ia blood pressure 
transducer is identical to our standard P23 


Db in performance characteristics. 
In addition, the P23 Ia provides the extra 


integrity of immediate electrical isolation. 
Both internal. And external. 
And that means extra patient safety. 
For complete information, contact 
Statham today. 


Extra patient safety. 


Ask Statham. 


Statham Instruments, Inc., Medical Division, 
2230 Statham Boulevard, Oxnard, California 
93030 / (805) 487-8511. In Europe: Godart- 
Statham, N.V., Bilthoven, Holland. 


I'd like to know more about the Statham P23 Ia. 








Name Title 

Hospital 
Address ——___————————————— 
City State 

Zip Telephone 
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MIKRO-TIP” CATHETER 
PRESSURE TRANSDUCER 


“SENSOR AT TIP OF CATHETER” 
FEATURES 
Ultra Miniature 


Thermal Stability for catheter tip 
Long Term Stability implantable 
High Output applications. 
Excellent Linearity 

Negligible Hysteresis 

High Natural Frequency 

Internal Calibration Provided 
Simultaneous Phonocardiograms 






or 











ELECTRICAL 
CONNECTOR 















WOVEN DACRON 
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TRANSDUCER 
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The active sensing 
surface is located on 


the side of the pressure | ê ‘ w 
m ys ° 
| eee ene 


transducer. It is insen- 
$225 = 


“Catheter Whip". @ Battery Operated 
l @ Outputs: Pressure & Audio 


STANDARD MODELS: == ——= —— —— —— === 


No. 5 French and No. 7 French sizes, 
without lumen $525 


sitive’ to flow and 








No. 7 French and No. 8 French sizes, 
with lumen $625 
CUSTOM FABRICATION OF MULTIFUNCTION 
CATHETER PROBES. 
Visit our booth 


(M22 & 23) 
at the November 


American Heart Assoc. 
Convention in 
Dallas, Texas 










P. O. Box 18227 
(6001 Gulf Freeway) 
Houston, Texas 77023 U.S.A. (713) 923-9171 














Introducing 


Nitr OStat (ritroglycerin) 
‘potency-protected” 
sublingual nitroglycerin 


ta blet Thanks to a unique manufacturing process, Parke-Davis now 
offers @ stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglycerin 

you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat... uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 





@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
Range—97 to 110.89% label claim; 
average—104,49% 


-æ Assay values for each of 30 tablets assayed 
separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


| Assay range—four additional lots stored without 
filler in bottle 


i Assay range—four additional lots stored with 
I filler in bottle 


PARKE-DAVIS Rol 
PARKE, DAVIS & COMPANY Label 
Detroit, Michigan 48232 Claim 


PA-665 113772 





Functional complaints may result in a 
diagnosis of cardiac neurosis, a common and 
important functional disorder. Excessive 
psychic tension can increase heart rate, 
cardiac output and consumption of oxygen. 
It can cause precordial distress, raise the 
systolic blood pressure and increase the 
heart’s work load. And once such symptoms 
have occurred, they may tend to produce a 
vicious cycle of psychic tension/somatic 
symptoms which may make the patient 
think he actually has heart disease. 

When anxiety and tension become 
overwhelming, Valiun? (diazepam) can help. 
It can relieve the psychic tension that can 
precipitate many functional cardiovascular 
complaints. 

Valium is generally well tolerated on 
proper dosage. The most commonly 
reported side effects are fatigue, drowsiness 
and ataxia. Should nighttime anxiety 
interfere with sleep, an 4.5. dose added to 


the }.2.4. or t.i.d, Valium 


schedule may help 
encourage sleep. ) 
( di 5-mg, 10-mg tablets 
t.i.d. or q.i.d. 
can help ease somatic symptoms of undue psychic tension. 





Please see following page for summary of product information. 


alium 
(diazepam) 


relieves the 
psychophysiological 
expressions of 
excessive tension 


Prompt action 
Significant improvement is often seen in 
the first few days of therapy, although 
some patients may need more time for a 
clear-cut response. 


High efficacy 
Valium can help relieve tension-produced 
symptoms in patients overreacting to 
situational stress and in patients with 
psychoneuroses. 


Generally well tolerated 
The most commonly reported side effects 
are fatigue, drowsiness and ataxia. Cau- 
tion patient against driving or operating 
dangerous machinery until individual 
response is determined. 


Flexible dosage 
Available in three convenient tablet 
strengths— 2 mg, 5 mg, and 10 mg— 
Valium permits you to tailor your pre- 
scriptions for maximum effectiveness. 
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Before prescribing, please consult complete 
product information, a summary of which follows: 

Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, appre- 
hension, fatigue, depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, delirium tremens 
and hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm to local 
pathology, spasticity caused by upper motor neuron dis- 
orders, athetosis, stiff-man syndrome, convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma 
who are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful surveillance be- 
cause of their predisposition to habituation and dependence. 
In pregnancy, lactation or women of childbearing age, weigh 
potential benefit against possible hazard. 

Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed, drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or with sui- 
cidal tendencies. Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to smallest effective 
amount in elderly and debilitated to preclude ataxia or 
oversedation. 

Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests 
advisable during long-term therapy. 

Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric 
or debilitated patients: 2 to 2% mg, 1 or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: | to 2⁄2 mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 

Supplied: Valium® (diazepam) Tablets, 2 mg, 5 mg 
and 10 mg; bottles of 100 and 500. All strengths also 
available in Tel-E-Dose® packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


American Optical: 


Thetake-it- 
where-you-need-it 
cardiac care center. 


Here is a truly important advance for 
coronary patient care. It’s the American 
Optical mobile Lown CARDIO- 
VERTER?® Resuscitation System. With a 
single self contained unit — on wheels — 
you have our exclusive CARDIO- 
CARE® bedside monitor, plus direct 
writing recording, demand pacing, 
defibrillation and synchronized depolar- 
ization. Now even the smallest hospital 
can have a complete system specifically 
designed for emergency cardiac 
resuscitation/reversion and continuous 
bedside surveillance. And your patients 
receive the additional benefit of 
complete electrical isolation through 
optical lead coupling. 

The Lown CARDIOVERTER 
system. Traditional AO quality, relia- 
bility, performance. A mobile, self 
contained cardiac care center. 

For complete cardiac resuscitation 
systems planning information, contact 
The Medical Division, American Optical 
Corporation, Crosby Drive, Bedford, 
Massachusetts 01730. 


0 AMERICAN OPTICAL 
CORPORATION 
@ MEDICAL DIVISION 


fine medical instruments to extend man’s life 





VIDA...L/fe for hearts too good to ale 















Linnaeus called her felis catus. Ancient 
Egypt worshipped the domestic cat, 
deifying her as the goddess Pasht. 

Cat lovers throughout history have 
credited her with acute sensory powers, 
including the ability to distinguish friend 
from foe, warn of silent attack, 

foretell disaster. 
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In October, 1969, Cardiodynamics was organized to develop 
VIDA, the first portable VPC warning system. In the three 
years since, we have been sustained and greatly encouraged 
by the repeated expressions of interest from physicians 
in all corners of the United States. 


The first production models of VIDA are now available. The 
manufacturing technology is intricate, and we have spared no 
pains to ensure the sensitivity, accuracy and reliability 
of VIDA. We hope you will appreciate — because of this — 
that the initial quantity is limited. 


Since VIDA is a unique new cardiac device, specially trained 
Cardiodynamics representatives will make personal delivery 
of VIDA. These men are fully familiar with the operating 
principles involved in VIDA and backgrounded in the latest 
clinical applications. They are available on request 
for advice and assistance. 


As rapidly as possible, additional quantities of VIDA will be 
distributed to all sectors of the United States. Meanwhile, 
we thank you again for your interest and your patience. 


For further information on VIDA including pricing and 
specifications, please write to us at the address above. 


Sincerely yours, 
Robert L. Chapman, 
President 


A-57 





UULIUBEN 19/2 


The American Journal of CARDIOLOGY 


CLINICAL STUDIES 


VOLUME 30 


NUMBER 5 





Aorta to Coronary Artery Saphenous Vein Grafts 


Preoperative Angiographic Criteria for Successful Surgery 


JACQUES LESPERANCE, MD 
MARTIAL G. BOURASSA, MD, FACC 
PIERRE BIRON, MD 

LUCIEN CAMPEAU, MD, FACC 
JACQUES SALTIEL, MD 


Montreal, Canada 


From the Montreal Heart Institute, and the 
Departments of Medicine and Radiology, 
University of Montreal School of Medicine, 
Montreal, Quebec, Canada. This study was 
supported by research funds from the J. L. 
Lévesque Foundation, the National Health 
and Welfare Department of Canada, Pro- 
ject 604-7-672, and the Quebec Heart Foun- 
dation. Manuscript received February 15, 
1972, accepted May 24, 1972. 

Address for reprints: Jacques Lespérance, 
MD, Montreal Heart Institute, 5000 E. Belan- 
ger St., Montreal 410, Quebec, Canada. 


One hundred and fifty-four aorta to coronary artery saphenous vein 
grafts were assessed angiographically in 105 patients, approximately 
2 weeks and, again, 1 year after operation. Twenty-one grafts were 
occluded at the early evaluation. After 1 year 30 additional grafts 
were occluded, and 6 grafts were severely narrowed. Late patency 
of vein grafts was related to coronary arterial runoff assessed by se- 
lective coronary arteriographic studies before operation. The diame- 
ter of the coronary vessel and the size of the distal vascular bed 
were important preoperative angiographic determinants of the fate of 
vein grafts. Distal coronary atherosclerosis was also of conse- 
quence, but to a lesser degree. 

The presence of coronary arterial branches with a diameter small- 
er than 1.5 mm or vessels measuring 1.5 mm or more but perfusing 
a limited territory of cardiac muscle or having moderate to severe 
distal atherosclerosis was a poor indication for aorta to coronary by- 
pass surgery. On the other hand, a low rate of early occlusion and a 
75 to 80 percent late patency rate can be expected when grafts are 
anastomosed to coronary arteries with a diameter of at least 1.5 mm 
(preferably 2 mm or more) that perfuse a large peripheral vascular 
bed and are free of significant atherosclerosis. Comparison of diam- 
eter measurements of coronary arteries obtained at angiographic 
study and at operation showed an adequate correlation, thus con- 
firming the validity of angiography as a satisfactory method in selec- 
tion of candidates for aorta to coronary bypass grafts. 


Aorta to coronary artery saphenous vein grafts are being used with 
increasing frequency in the treatment of obstructive coronary artery 
disease.1-5 Although early results are promising, limited information 
is available concerning the long-term value of this form of therapy.&8 

Arterial runoff, that is, the number of occluded or stenosed vessels 
distal to a major obstruction, appears to be the single most impor- 
tant determinant in subsequent’ permeability of femoropopliteal sa- 
phenous vein grafts.9:1° There have been suggestions that runoff may 
also be important for patency of aorta to coronary artery vein grafts. 
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FIGURE 1. Influence, and prognostic value, of coronary arterial 
diameter as measured at operation on the fate of aortocoronary 
artery saphenous vein grafts. The actual number of grafts is in- 
dicated under each column. The height of each column repre- 
sents the percentage of occluded or patent grafts for each 
subgroup and is accompanied by 95 percent confidence interval 
(C.1.). As the number of cases increases, intervals become 
smaller and the accuracy of prediction becomes greater. 


However, this has not been clearly established, and 
there is still some disagreement as to what consti- 
tutes adequate coronary arterial runoff.11-14 Preoper- 
ative evaluation of runoff has also been questioned 
because of discrepancies between measurements of 
arterial diameter at angiographic study and at oper- 
ation.14.15 

The purpose of this report is to assess, from pre- 
operative coronary arteriographic findings and direct 
measurements of coronary arterial diameter at oper- 
ation, the influence of runoff on patency of aorta to 
coronary artery vein grafts during the first year after 
surgical intervention. It is hoped that these correla- 
tions will provide a better definition of the angio- 
graphic criteria of adequate runoff as well as guide- 
lines for the selection of candidates for myocardial 
revascularization by the reversed saphenous vein 
graft technique. 


Material and Methods 


One hundred five patients having 154 aorta to coronary 
saphenous vein grafts were studied. They were among the 
first 138 consecutive patients operated upon at the Mon- 
treal Heart Institute between October 1969 and October 
1970. Of the 33 patients not included in this study, 14 
died early or late and 19 did not have adequate follow-up 
angiographic studies. All patients had severe angina and 
greater than 75 percent obstruction of at least 1 major 
coronary vessel. 

Preoperative coronary cinearteriograms were available 
for study in all cases. In addition, at operation, the inter- 
nal diameter of the coronary vessels distal to the arteriot- 
omy was measured with a calibrated probe. A first angio- 
gram of the saphenous vein grafts was obtained 2 to 3 
weeks postoperatively in all patients. In 96 patients with 
at least 1 patent vein graft, a second angiographic evalua- 
tion was obtained 10 to 18 months postoperatively. The 
coronary angiographic data, surgical findings and post- 
operative results were evaluated separately. The following 
coronary angiographic features were analyzed: (1) The 


opacified internal diameter of the coronary vessels was ei- 
ther measured or estimated at the site of coronary anasto- 
mosis. The projected external diameter of the catheter 
was used as a standard; since its actual size was known to 
be 2.5 mm,1® allowance could be made for magnification. 
Minor modifications due to distortion. were neglected. 
Variations within 0.5 mm could be appreciated. Coronary 
arterial diameter was ranked in 3 categories: 1, 1.5 and 2 
mm or more. (2) Atherosclerosis was identified angiographi- 
cally by irregularities and localized reduction in lumen 
size in the segment distal to the graft anastomosis. The 
degree of atherosclerosis was evaluated as follows: (a) ab- 
sent to mild, showing at the most wall irregularities; or 
(b) moderate to severe, consisting of plaques reducing the 
lumen of the vessel by at least 25 to 50 percent. (3) The 
size of the vascular bed beyond the proximal obstruction 
was assessed according to the area of ventricular muscle 
perfused, the number of secondary branches and the 
length of the main coronary artery. The size of the vascu- 
lar bed was graded as (a) small, or (b) moderate to large. 
A small vascular bed usually consisted of a nondominant 
posterior descending and a short anterior descending coro- 
nary artery, short diagonal arteries and small posterolater- 
al branches of the circumflex artery. The caliber of the 
coronary arteries measured at operation was also ranked 
in the same 3 categories used in the angiographic assess- 
ment. 

Surgical and angiographic assessments of coronary arte- 
rial caliber, degree of atherosclerosis and size of vascular 
bed were correlated with the outcome of aorta to coronary 
saphenous vein grafts and the results classified as follows: 
(a) early occlusion (occlusion present at angiographic 
study 2 to 3 weeks postoperatively); (b) late occlusion (oc- 
clusion present at angiographic study 10 to 18 months 
after operation); and (c) late patency (no occlusion 10 to 
18 months after operation). 

Statistical analysis: To predict accurately the fate of 
saphenous vein grafts 1 year postoperatively —considering 
various conditions of coronary arterial diameter, degree of 
atherosclerosis and vascular bed size—the percentage of 
occlusion and patency rate were accompanied by 95 per- 
cent confidence intervals. We used Mainland’s tables?" for 
limits of binomial population percentages. As the popula- 
tion sample increases in size, intervals become smaller 
and the accuracy of prediction of a particular fate of vein 
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FIGURE 2. Influence, and prognostic value, of coronary arterial 


diameter as evaluated at preoperative angiographic study on the 
fate of aortocoronary vein grafts. The results are comparable to 
those found when arterial diameter measurements were ob- 
tained at operation (Fig. 1). 
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FIGURE 3. Comparison of angiographic evaluation of the coro- 


nary arterial diameter (X) and preoperative probe calibration of 
the same coronary vessels (Y). 


grafts becomes greater. Spearman’s correlation coefficient 
for ranks1® corrected for ties was calculated to measure 
the association between fate of aorta to coronary vein 
grafts and diameter of the coronary arteries, degree of 
atherosclerosis and size of the coronary vascular bed. The 
use of nonparametric correlation was necessary since mea- 
surements considered were scores on an ordinal scale.18 
The degree of association between the level of a predictive 
factor and the level of a particular outcome is given by 
r?s, referred to as the predictive index. Pearson's correla- 
tion coefficient r for parametric measurements was used 
to measure the relation between surgical and angiographic 
evaluation of coronary caliber. For this particular compar- 
ison, 6 levels, spaced evenly at 0.5 mm intervals, from 0.5 
to 3 mm, provided an interval scale. 


Results 


Of 154 vein grafts in this study, 21 (13 percent) 
were occluded 2 weeks after operation. An additional 
30 vein grafts (19 percent) were occluded after 1 
year. Of 103 vein grafts patent after 1 year, 3 showed 
severe diffuse narrowing and 3 had segmental steno- 
ses, with 80 to 90 percent reduction in the lumen of 
the grafts in all instances. These 6 severely narrowed 
vein grafts were included with the grafts showing 
late occlusion; less severe changes in lumen size were 
not considered in this study but have been reported 
elsewhere.® 

Significance of coronary arterial diameter: 
The fate of aorta to coronary artery saphenous vein 
grafts was significantly related to the caliber of the 
distal coronary vessels (Fig. 1 and 2). All saphenous 
veins anastomosed to coronary arteries of small cali- 
ber (less than 1.5 mm in diameter at operation) were 
occluded after 1 year. Most occlusions (77 percent) 
occurred during the early postoperative period. Con- 
versely, when the coronary arteries were greater than 
1.5 mm in diameter, only 4 percent of the saphenous 
veins were occluded early and 72 percent remained 
patent 1 year after operation. Among coronary ves- 
sels with an intermediate caliber (1.5 mm), 17 per- 
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cent of the grafts were occluded early and 61 percent 
were patent after 1 year. The percentage of vein 
grafts occluded late (after 1 year) was almost identi- 
cal in all 3 groups (23, 24 and 22 percent, respective- 
ly). Thus, the observed differences in late patency of 
vein grafts were due entirely to significantly different 
percentages of early occlusion (Fig. 1). 

Almost identical results for occlusion and late pa- 
tency rates were found when coronary arterial diam- 
eter was measured at operation (Fig. 1) or estimated 
at preoperative coronary arteriographic examination 
(Fig. 2). The predictive index (r? of Spearman) of 
the outcome of vein grafts was comparable with both 
methods, 87 percent for surgical and 83 percent for 
angiographic determination. The 2 corresponding 
coefficient r values were not significantly different 
from each other (P >0.05). 

The relation between measurements of coronary 
arterial diameter made at operation and those ob- 
tained during preoperative angiographic study is 
shown in Figures 3 and 4. The 95 percent confidence 
interval about the regression line was + 0.61 mm 
(Fig. 4). Although the correlation is highly signifi- 
cant (P <0.001), comparability of results was best 
for diameters measuring approximately 2 mm. Slight 
angiographic underestimation occurred with those 
measuring 1.5 mm or less, and slight angiographic 
overestimation was observed with those measuring 
2.5 mm or more. 

Significance of atherosclerosis (Fig. 5): Moder- 
ate to severe distal coronary atherosclerosis was as- 
sociated with a high incidence of occlusion, early (29 
percent) and late (29 percent). The rate of patency 


vr r=0.69 
P=<0.001 | 
Y = 0.71+ 0.62X | 
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Surgical measurement 
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FIGURE 4. Correlation between angiographic and surgical eval- 


uation of the coronary arterial caliber. The solid line represents 
the linear regression of the surgical measurement as related to 
the angiographic evaluation. The shaded area includes 1.96 
standard deviations about the regression line and contains ap- 
proximately 95 percent of individual data. The strength of the 
positive correlation between the 2 methods is 48 percent (r?) 
and is highly significant. Since the intercept is above 0 (0.71 
mm) and the slope of regression is less than 1 (0.62), smallest 
calibers are underestimated by angiographic methods. 
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FIGURE 5. Influence, and prognostic value, of atherosclerosis 
on the fate of vein grafts (angiographic evaluation). 


TABLE | 
Patency Rate According to Site of Anastomosis 








Early Late 
Occlu-  Occlu- Late 
Site of Anastomosis no. sion sion* Patency 
Right coronary artery 58 7 18 33 (57%) 
Anterior descending artery 81 11 16 54 (67%) 
Circumflex artery 15 3 2 10 (67%) 
Total 154 21 36 97 (63%) 





* Including 6 grafts with severe diffuse or segmental narrow- 
ing. 


TABLE II 
Patency of Vein Grafts 


no. Late Patency 





A. Vein Grafts to Right Coronary Artery 





Distal segment 46 28 (60%) 

Posterior descending artery 9 5 (55%) 

Crux 3 0 (0%) 
Total 58 33 (57%) 





B. Vein Grafts to Anterior Descending Artery 











Middle third of anterior descending 71 51 (72%) 

Distal third of anterior descending 4 1 (25%) 

Diagonal artery 6 2 (33%) 
Total 81 54 (67%) 

C. Vein Grafts to Circumflex Artery 

Proximal segment 1 1 (100%) 

Posterolateral branch 12 8 (67%) 

Atrioventricular branch 2 1 (50%) 
Total 15 10 (67%) 
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FIGURE 6. Influence, and prognostic value, of the size of vas- 
cular bed on the fate of vein grafts (angiographic evaluation). 


after 1 year was only 42 percent. On the other hand, 
in the absence of coronary atherosclerosis only 11 
percent of vein grafts were occluded early, and 67 
percent remained patent after 1 year. Late occlusion 
occurred in 22 percent of grafts to distal runoff free 
of atherosclerosis compared to 29 percent of bypasses 
to arteries with distal atherosclerosis, thereby illus- 
trating that late occlusion is not influenced by this 
factor. 

Significance of size of vascular bed (Fig. 6): 
The size of the distal coronary vascular bed was 
also related to the fate of aorta to coronary vein 
grafts. In the presence of small vascular beds, all 
grafts were occluded after 1 year. Sixty-one percent 
of the occlusions occurred early, and 39 percent oc- 
curred after 1 year. With moderate or large vascular 
beds, only 7 percent of the vein grafts were occluded 
early after operation, and 72 percent were patent 
after 1 year. The rate of late occlusion in the pres- 
ence of a large vascular bed was 21 percent, a rate 
comparable to the ranges observed with the other 
measurements. 

Significance of site of anastomosis: The paten- 
cy rate of saphenous vein grafts after 1 year was 57 
percent with anastomosis to the right coronary ar- 
tery, 67 percent with anastomosis to the anterior 
descending coronary artery and 67 percent with 
grafting to the circumflex coronary artery (Table I). 
Forty-six of the 58 vein grafts to the right coronary 
artery were connected to the distal third of the major 
vessel. In this location, the 1 year patency rate was 
60 percent. Nine grafts were connected to the poste- 
rior descending branch; although 5 of the 9 grafts (55 
percent) were patent after 1 year, an unsatisfactory 
result was obtained in 3 cases, in which there was 
either occlusion or severe stenosis of the artery distal 
to the graft. None of the 3 vein grafts connected to 
the crux of the right coronary artery was patent after 
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FIGURE 7. Influence, and prognostic value, of diameters of 1.5 
mm and diameters greater than 1.5 mm when associated with a 
large vascular bed and free of significant atherosclerosis. 


1 year (Table IIA). Seventy-one of the 81 vein grafts 
to the anterior descending coronary artery were con- 
nected to the middle third of the major vessel; 51 (72 
percent) were patent after 1 year. Only 1 of 4 vein 
grafts connected to the distal third of the anterior 
descending coronary artery remained patent after 1 
year. Of 6 vein grafts connected to the diagonal 
branch of the left coronary artery, only 2 remained 
patent (Table IIB). Ten of 15 (67 percent) of the vein 
grafts connected to the circumflex coronary artery 
remained open after 1 year. (Table IIC). 

Significance of combined factors: The associa- 
tion of a coronary arterial diameter of 1.5 mm or 
greater, a moderate to large distal vascular bed and 
the absence of significant peripheral atherosclerosis 
carries a low risk of early occlusion (3 to 7 percent) 
and an expected 1 year patency rate of 73 to 76 per- 
cent (Fig. 7). There is no difference in the fate of 
vein grafts when coronary arterial diameter is equal 
to 1.5 mm or greater than 1.5 mm, when atheroscle- 
rosis is absent and the vascular bed is adequate (Fig. 
7). Conversely, when coronary arterial diameter is 
smaller than 1.5 mm or greater than 1.5 mm, in as- 
sociation with significant distal atherosclerosis or 
small vascular bed, or both, there is a high rate of 
early occlusion (43 percent) and late occlusion (33 
percent) and a very low rate of late patency (24 per- 
cent) of aorta to coronary artery saphenous vein 
grafts (Fig. 8). Thus, coronary arterial runoff has a 
marked influence on early occlusion and late patency 
of vein grafts. Also, late occlusions were more fre- 
quent when combined factors of poor runoff were 
present. However, this finding was not statistically 
significant. 


Discussion 


Long term follow-up studies have established the 
importance of distal arterial runoff for late patency 
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FIGURE 8. Fate of vein grafts according to poor and good run- 
off (combined factors). Note a late patency rate of only 24 per- 
cent in the presence of poor runoff compared to that of 76 per- 
cent with good runoff. 


of femoropopliteal saphenous vein grafts. De Weese 
and Rob?!° have reported a five year patency rate of 
66 percent with good runoff compared to a 45 per- 
cent patency when runoff was poor. Baddeley and 
co-workers® have reported a 1 year patency rate of 83 
percent with good runoff, 80 percent with moderate 
runoff and only 46 percent with poor popliteal-tibial 
runoff. Thus, a marked drop in the patency rate of 
femoropopliteal vein grafts can be expected as soon 
as 1 year after operation, if peripheral arterial runoff 
is not adequate. 

Similarly, a relation between patency of vein 
grafts and distal coronary arterial caliber and ath- 
erosclerosis has been suggested in recent re- 
ports15:19.20 but has not been established clearly. 
There are still significant differences of opinion con- 
cerning the angiographic indications for coronary by- 
pass surgery.11-4 Analysis of our data shows that 
coronary arterial diameter, size of distal vascular bed 
and, to a lesser degree, presence or absence of ath- 
erosclerosis are critical factors with respect to perme- 
ability of aorta to coronary saphenous vein grafts. 

Critical factors in patency of vein grafts: All 
grafts anastomosed to coronary arteries of small cali- 
ber (less than 1.5 mm in diameter) were occluded 
after 1 year. In previous reports, coronary arteries 1 
mm in diameter have been proposed as suitable indi- 
cations by some workers!!:13:14 and as possible con- 
traindications by others.12:21 The 1 year patency 
rate of vein grafts was 61 and 72 percent, respec- 
tively, with coronary vessels 1.5 mm in diameter and 
with those greater than 1.5 mm in diameter. Results 
derived from measurements obtained at operation 
with a calibrated probe and those estimated from 
the opacified vessels during selective preoperative 
coronary arteriographic studies were similar. In addi- 
tion, a good correlation was established between 
measurements obtained in both conditions in the 
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- same vessels. With a coronary arterial caliber of 2 
mm, the correlation between preoperative calibra- 
tion and preoperative angiographic measurements is 
almost perfect. Coronary arteriographic studies un- 
derestimate diameters of 1 and 1.5 mm by a value of 
approximately 0.5 mm in about 40 percent of the 
cases. Analysis of these cases has shown that they al- 
most consistently involve arteries that have total or 
subtotal obstruction and that are inadequately opac- 
ified because of poorly or moderately developed col- 
lateral channels. Thus, allowing for correction in 
such conditions, coronary arteriographic studies ap- 
pear to be adequate for preoperative assessment of 
coronary arterial caliber. 

With small distal coronary vascular beds, all vein 
grafts were occluded after 1 year. With moderate or 
large vascular beds, 72 percent of the grafts were 
patent 1 year after operation. In this respect the site 
of coronary anastomosis is of importance. When the 
obstruction is located in a fairly distal portion of a 
major coronary artery, the capacity of the vascular 
bed is limited and runoff is poor. This situation re- 
quires surgical anastomosis on a very distal portion 
of a main artery. Likewise, a bypass graft may be 
considered to perfuse a small territory when con- 
nected to a short diagonal branch, a small posterola- 
teral branch of the circumflex coronary artery, the 
_ erux artery, a nondominant posterior descending ar- 
-> tery or a short anterior descending artery which does 
— not contour the apex. Even if the number of cases is 
` at times too small to guarantee precise predictions, 
our data suggest that bypasses to such distal branch- 
es with a small vascular bed should be avoided un- 
less the arteries measure 2 mm or more in diameter 

and are free of distal atherosclerosis. 
© Moderate to severe distal coronary atherosclerosis 
appears to be of less consequence when considered as 
an isolated factor. Nevertheless, only 43 percent of 
the vein grafts were patent after 1 year when signifi- 
cant atherosclerosis was present, compared to 67 


percent when it was absent. When combined factors 
of good coronary arterial runoff were present—that 
is, adequate coronary arterial diameter, adequate 
distal vascular bed and absence of significant athero- 
sclerosis—the 1 year patency rate was approximate- 
ly 75 percent. Conversely, with a coronary arterial 
diameter smaller than 1.5 mm. or 1.5 mm or 
greater in association with a small vascular bed or 
significant atherosclerosis, or both, the 1 year paten- 
cy rate of the vein grafts was only 24 percent. 

Early graft occlusion: These follow-up examina- 
tions clearly demonstrated that inadequate coronary 
arterial runoff is followed by very early occlusions of 
the grafts. Most of the grafts with poor runoff were 
occluded within 2 weeks after operation. Thus, even 
though our follow-up period was relatively short, 
only 1 year, it is probable that our data accounted 
for most of the attrition rate secondary to poor run- 
off. 

Late graft occlusion: In contrast to the rate of 
early occlusion, that of late occlusion was less relat- 
ed to coronary arterial caliber or distal vascular bed 
when these factors were studied separately. Late oc- 
clusions were more frequent when all combined fac- 
tors of poor runoff were considered, but this finding 
was not statistically significant. Thus, other mecha- 
nisms must also often be involved in late occlusion. 
Some of these may be related to surgical problems, 
such as saphenous veins of poor quality or, more fre- 
quently, early stenosis at the site of the surgical 
anastomosis, which is almost invariably followed by 
late occlusion. These failures may be eliminated by 
improvements in surgical techniques.?? Late struc- 
tural changes in the walls of the saphenous veins are 
probably often responsible for late occlusion of 
aortocoronary vein grafts. Factors involved in these 
changes are not known at the present time but 
should be identified and prevented if long-term pa- 
tency of aortocoronary artery saphenous vein grafts 
is to be expected. 
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Serial electrocardiograms and vectorcardiograms were obtained 
from 10 consecutive patients who underwent combined proximal 
right aortocoronary. saphenous vein bypass graft implantation and 
distal right coronary gas. endarterectomy. Nine of these subjects 
manifested postoperative electrovectorcardiographic changes of 
acute inferior wall myocardial infarction. Only 1 of 13 other patients 
who were subjected to right bypass graft implantation without gas 
endarterectomy had similar findings. All 9: patients who were sub- 
jected to gas endarterectomy and who manifested. postoperative 


. patterns of infarction had a clinically uncomplicated postoperative 


course and were discharged on the 10th to 12th postoperative day. 

It is concluded that postoperative electrovectorcardiographic evi- 
dence of acute inferior wall infarction is prevalent in patients 
subjected to combined proximal right aortocoronary bypass graft im- 
plantation and distal right coronary gas endarterectomy. These 
changes may be based on physical consequences of the gas endar- 
terectomy. 


Surgical approaches currently utilized for the direct. treatment of 
right coronary artery disease include aortocoronary saphenous vein 
bypass,1 total coronary artery gas endarterectomy? and a combina- 
tion of these techniques.5-§ No specific electrocardiographic changes 
have been noted after these procedures. Reconstruction of the oc- 
cluded left anterior descending artery by means of proximal vein by- 
pass grafting and distal gas endarterectomy has recently been de- 
scribed.’ This latter operation has also been applied to the occluded 
right coronary artery,*-? providing a higher early postoperative pa- 
tency rate than the 70 percent figure cited. for total gas endarterec- 
tomy.® 

This paper describes postoperative _electrovectorcardiographic 
changes associated with the combined proximal right coronary artery 
bypass and distal gas endarterectomy procedure: Nine of 10 subjects 
so treated manifested postoperative cardiographic signs of recent in- 
ferior wall myocardial infarction. 


Material and Methods 


Group I consisted of 10 consecutive patients with symptomatic. coronary 
artery disease whe underwent combined distal right coronary gas endarter- 
ectomy and proximal right aortocoronary artery saphenous vein bypass graft 
procedures between March 16 and August 19, 1971. In addition, 5 of these 
patients also had left circumflex. or anterior descending artery aortocoronary 
graft implants. Ome patient. died at operation and was excluded. from the 


“study. The patients were all male; their ages ranged from 49 to 62 years 


(mean 55 years). 
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Group II consisted of 13 consecutive patients who had 

‘operative procedures exclusive of coronary gas endarterec- 
“tomy for symptomatic coronary artery disease. These pa- 
tients underwent right aortocoronary artery saphenous 
vein bypass, alone or in combination with aortocorenary 
saphenous vein bypass to the left anterior descending or 


left: circumflex arteries, between February 19, 1970 and 


May 6, 1971. The degree and extent of coronary artery 
disease in this group of patients was similar to that of 
subjects in Group I. One patient died at operation and 
was excluded from the study. All patients in group II were 
male; their ages ranged from 37 to 58 years (mean 48 
years). 
All preoperative diagnoses were based on complete left 
cand right heart catheterization, selective coronary cinean- 
giographic studies, left ventriculograms, indicator-dilution 
curves and hemodynamic indexes that define ventricular 
function. 
The operations were performed under halothane-mor- 
phine anesthesia with cardiopulmonary bypass. The tech- 
<mique utilized at our institution for combined distal gas 


noe endarterectomy and proximal aortocoronary saphenous 


_ vein bypass is similar to that described by Urschel et al.9 
_. Electrocardiograms were recorded with a Burdick model 
EK-4-direct-writing electrocardiograph at paper speeds of 


oe 26. mm /sec. Vectorcardiograms in the 3 plane projections 


were recorded in the supine position using the Frank lead 
> system.?° The fourth intercostal space was used for place- 

“ment of the chest electrodes as suggested by Langner et 
al.? for the supine: position..The vectorcardiograms. were 
recorded with a DR-8 Electronics for Medicine light-beam 
oscilloscopic photographic: recorder using a vectorcardio- 
graphic channel (model VET-6). Still and timed vector- 
cardiograms (running loops) were taken in the frontal, left 
sagittal and horizontal planes according to previously de- 
scribed techniques.12.3 

Electrocardiograms were obtained in all patients on the 
day before and on several successive days after the opera- 
tion. Vectorcardiograms were obtained preoperatively 
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FIGURE 1.Vectorcardiograms and electrocardiograms obtained from a 50 year old man who underwent combined proximal. right 
aortocoronary bypass graft implantation, distal right coronary gas endarterectomy and left.anterior descending. aortocoronaty bypass. 
horizontal plane; SP = s T plane. The preoperative records (left) show evidence of an old-anterosep 

monstrate a recent inferior wall myocardial infarction. Note the change in rota- 
tion of the frontal and sagittal plane vectorcardiographic QRS loops from counterclockwise to clockwise. There are prominent superi 
“ly directed QRS vectors, and deep Q waves in leads |, HI and aVF of the electrocardiogram, all indicative of a recent inferior wall 
oo farction. 2 


FP = frontal plane; HP = 
myocardial: infarction. Postoperative records (right) 


October 1972 The American Journal of CARDIOLOGY Volume 30: |... 467 





TABLE | 


Comparison of Postoperative Electrovectorcardiographic. - 
Changes 





Group | Group il 
no. % no. g 

Inferior wali MI, 6* 60 1 8 

acute 
Inferior wall MI, 3 30 0 i) 

possible 

reinfarction 

Inferior 9 90 1 8 

wall MI, total a 

No changes or 1 10 12 92 


ST-T. segment 
changes only 





* One patient also -had acute anteroseptal wall myocardial 
infarction. 
MI = myocardial infarction. 


from all but’ 1 patient, who was studied at another hospi- 
tal. Postoperative vectorcardiograms were available for re- 
view in all but 3 patients in group II. These tracings were 
obtained on the second or third postoperative day. in the 
majority of patients. In no instance were the postoperative 
vectorcardiograms recorded more than 60 days after the 
operation, and in no. case did the electrocardiographic 
QRS patterns recorded simultaneously with the postoper-. 
ative vectorcardiograms differ substantially from those of 
electrocardiograms taken during the immediate postoper- 
ative period. 

Serial postoperative serum enzyme levels (glutamic 
oxaloacetic transaminase [SGOT], glutamic pyruvic trans- 
aminase [SGPT], lactic dehydrogenase [LDH], creatine 
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FIGURE 2. Vectorcardiograms and electrocardiograms recorded from a 53 year old man who underwent proximal right aortocoronary 
bypass graft implantation and distal right coronary gas endarterectomy. The preoperative records (left) show nonspecific S-T segment 
and T wave changes. Postoperative records (right) reveal changes compatible with a recent inferior wall myocardial infarction. Note 
the postoperative Q waves in leads II, III and aVF. In the postoperative vectorcardiogram there are prominent superiorly directed QRS 
vectors in the frontal and left sagittal planes. Also note the change in rotation of the frontal and sagittal QRS loops from ‘“figure-of- 


eight” (preoperative) to clockwise (postoperative). 
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FIGURE 3. Vectorcardiograms and electrocardiograms record- 
ed from a 60 year old man who underwent combined proximal 
right aortocoronary bypass graft implantation and distal right cor- 
onary gas endarterectomy. The preoperative records (left) show 
nonspecific S-T segment and T wave changes. Postoperative 
records (right) reveal changes compatible with an acute inferior 
wall myocardial infarction. Note the postoperative appearance 
of prominent superiorly oriented initial QRS vector forces in the 
frontal and left sagittal loops of the vectorcardiogram, and the 


development of Q waves in leads |l, III and aVF of the electro- 
cardiogram. 


phosphokinase [CPK]) were available for review in 7 pa- 
tients in group I. 


Results 


A summary of the postoperative electrocardio- 
graphic and vectorcardiographic changes in both 
groups is presented in Table I. 

Group I: Of the 10 patients in this group who 
underwent combined distal right coronary gas endar- 
terectomy and proximal right aortocoronary saphe- 
nous vein bypass procedures, 6 had preoperative 
electrocardiograms that did not demonstrate inferior 
wall myocardial infarction. However, in the early 
postoperative period, all 6 patients manifested elec- 
trocardiographic evidence of an acute inferior wall 
infarction (Fig. 1 to 3). Three of the remaining 4 pa- 
tients, with preoperative electrocardiographic evi- 
dence of old inferior wall myocardial infarction, 
manifested postoperative changes compatible with 
reinfarction of the inferior wall. We considered this 
latter diagnosis to be present on the electrocardio- 
gram when a preoperative qR pattern in 2 of the 3 
inferior leads (II, II, aVF) changed to QS and was 
associated with appropriate abnormalities of the T 
waves and S-T segments, including a “current of 
injury” pattern (Fig. 4). On the vectorcardiogram a 
pattern of reinfarction was considered to be present 
when there was significant superior displacement of 
initial 25 msec QRS forces in the frontal and left 
sagittal planes compared with the preoperative rec- 
ords (Fig. 5). One patient, with normal preoperative 
electrocardiograms, manifested no QRS changes post- 
operatively. 

Group II: The 13 patients in this group all un- 
derwent right aortocoronary bypass graft implanta- 
tion. In addition, 6 subjects had left aortocoronary 
bypass grafts and 1 underwent a Vineberg internal 
mammary artery procedure. Postoperatively, only 1 
patient showed electrocardiographic changes consis- 
tent with acute inferior wall myocardial infarction 
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FIGURE 4. Electrocardiograms recorded nee a 56 year old 
man who underwent combined proximal right aortocoronary sa- 
phenous vein bypass graft implantation, distal right coronary gas 
endarterectomy, and aortocoronary saphenous vein bypass graft 
to the left circumflex coronary artery. The preoperative tracing 
(upper panel) is consistent with an old inferior wall myocardial 
infarction. There are Q waves present in leads II, IIl, and aVF. 
The postoperative record (lower panel) shows evidence of rein- 
farction of the inferior wall myocardium. Note the QS pattern 
now present in lead |||, the deepened Q wave in aVF, and the 
significant loss of R wave voltage in all 3 inferior leads. 
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FIGURE 6. Electrocardiograine recorded from a 46 year old 
man who underwent right and left anterior descending aortocoro- 
nary saphenous vein bypass graft implantation. The preopera- 
tive tracing (left) shows left axis deviation of minor degree. The 
postoperative records (middle and right) show evolution of an 
acute inferior wall myocardial infarction, with development of 
deep Q waves and loss of initial R wave voltage in leads |l, III 
and aVF. 
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FIGURE 5. Electrocardiograms and vectorcardiograms recorded from a 56 year old man who underwent combined proximal right 
aortocoronary saphenous vein bypass graft implantation, distal right coronary gas endarterectomy and aortocoronary saphenous vein 
bypass to the left anterior descending coronary artery. The preoperative tracings (left) are consistent with an old inferior wall myocar- 
dial infarction. The postoperative records (right) show changes of reinfarction of the inferior wall. Note the total loss of R wave voltage 
and development of a QS pattern in leads || and aYF of the postoperative electrocardiogram. Note also that postoperatively there is 
further superior displacement of the initial vectorcardiographic forces in the frontal and left sagittal planes (initial vectors oriented su- 
periorly for 34 msec preoperatively, for 56 msec postoperatively). The rotation of the left sagittal QRS loop changes from counterclock- 


wise to clockwise. 


(Fig. 6). No other patient in this group had signifi- 
cant QRS changes indicative of acute infarction or 
reinfarction. However, 1 patient did manifest post- 
operative electrocardiographic changes compatible 
with transient left posterior hemiblock and right 
bundle branch block? (Fig. 7). 

Clinical course: The 9 patients in group I who 
exhibited postoperative electrocardiographic changes 
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compatible with a recent inferior wall infarction had 
a relatively uncomplicated postoperative course; 
none had chest pain suggestive of angina pectoris or 
acute myocardial infarction. All 9 patients were dis- 
charged from the hospital 10 to 12 days after the op- 
eration. 

The remaining patient manifested isolated S-T 
segment and T wave changes after the operation. On 


469 


_ ELECTROCARDIOGRAM AFTER DISTAL CORONARY GAS ENDARTERECTOMY—BENCHIMOL ET AL. 


PRE-OP POST-OP 
12/1/70 12/4/70 12/6/70 
I 
Jou 





H 





i FIGURE 7. Electrocardiograms from a 55 year old man who un- 
“-derwent right aortocoronary saphenous vein bypass graft im- 
= plantation. A preoperative electrocardiogram (12/1/70) shows 
£ nonspecific ST-T changes and a ventricular extrasystole. On.the 
first postoperative day (12/4/70) there are atrial premature 
= beats, right axis deviation, a prominent R wave in lead aVR, 
rsR' in lead V; and broad S waves in lead Ve, all suggestive of 
"combined left posterior hemiblock and right bundle branch 
. block. On 12/6/70 the QRS complexes do not significantly differ 
from those recorded on 12/1/70. 


the third postoperative day he experienced chest 
pain identical with his preoperative anginal pain and 
different from his chest wall incisional pain. His 
symptoms progressed, and on the 12th postoperative 
» day he was subjected to bypass graft angiographic 
studies which revealed total occlusion of the right 
bypass graft at its origin. 
© Enzyme data: Serum GOT, GPT, LDH and 
CPK values were available for review in 7 patients in 
group I for at least 2 consecutive postoperative days. 
All but 1 of these patients manifested a postopera- 
tive pattern of inferior wall myocardial infarction. 
© The serum LDH and CPK values. were significantly 
increased in 6 patients. One. subject had normal 
© LDH and only minimally increased CPK. SGOT was 
transiently increased in 5 patients, including a single 
subject who did not have an infarction pattern on 
the electrocardiogram. Only 2 subjects had isolated 
SGOT levels above 100 units. SGPT remained nor- 
mal in all patients. 
: Follow-up: Five of the 9 patients in group I with 
“a pattern of inferior wall myocardial infarction re- 
turned for angiographic study of their grafts and cor- 


onary arteries 2 to 3 months after operation. Of 
these, 4 had patent right aortocoronary. grafts. In 4 of 
5 patients, prior 80 to 90 percent obstructive lesions 
in the right coronary artery progressed to complete 
occlusion. 


Discussion 


Electrocardiographic abnormalities resembling 
those of myocardial infarction, including abnormal Q 
waves, have been reported in association with open 
heart surgery.15 Such abnormalities are attributed to 
cross-clamping of the aorta, institution of cardiopul- 
monary bypass, perfusion of the coronary arteries 
with cooled blood, and localized abnormalities of 
electrolytes and membrane potentials.15 Supporting 
the thesis that these electrocardiographic alterations 
are not due to myocardial necrosis is their transient 
nature and immediate reversal when cardiopulmona- 
ry bypass is discontinued. 

Electrovectorcardiographic findings of inferior wall 
infarction described here were noted 12 to 24 hours 
after right coronary gas endarterectomy and general- 
ly followed an evolutionary course. Furthermore, the 
changes persisted for 2 to 3 months postoperatively 
in those patients who had follow-up electrocardio- 
grams. Although several studies have dealt with cor- 
onary gas endarterectomy, there are no descriptions 
of specific postoperative electrovectorcardiographic 
abnormalities, including those of myocardial infarc- 
tion, associated with this surgical procedure.?:4-7 
Hultgren et- al.1ë recently described acute myocardial 
infarction in 17 of a mixed. group of 50 patients 
undergoing coronary gas endarterectomy (2 patients), 
bypass graft implantation (17 pateints) or Vineberg 
procedures (31 patients). However, no mention was 
made of the incidence or location of infarction in the 
2 subjects who had gas endarterectomy. 

Of major importance are the clinical implications 
of electrovectorcardiographic patterns. consistent 
with inferior wall myocardial infarction in our series 
of patients after right coronary artery gas endarter- 
ectomy. Many clinical observations lend support. to 
the proposition that these subjects did not experi- 
ence transmural myocardial infarction. All patients 
did well in the immediate postoperative period, and 
were free of angina pectoris.and pain suggestive of 
infarction. However, lack of classic pain has been 
documented in patients with postoperative myocar- 
dial infarction following both general and open heart 
operative procedures.17-19 It is significant that our 9 
patients were also free of major arrhythmias, left 
ventricular failure and hypotension, especially after 
the 12th postoperative hour. 

The available postoperative enzyme data are non- 
diagnostic. Evaluation of serum enzymes after myo- 
cardial revascularization is, at best, difficult.1619.2¢ 
A significant elevation of serum LDH and CPK lev- 
els was noted in almost all patients and can be as- 
cribed to the traumatic effects of operation and elec- 
troeoagulation upon the chest wall musculature. A 
previous study has demonstrated significant eleva- 
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tion of LDH levels in 37 of 40 patients undergoing 
cardiac surgery, only 11 of whom (37 percent) had 
_any other substantiating evidence of myocardial in- 
. farction.2° Other investigators!® have recently dem- 
onstrated abnormal SGOT and LDH levels in a sig- 
“nificant number of patients who underwent aortocoro- 
nary bypass implantation and whose postoperative 
electrocardiograms did not show a pattern cf acute 
infarction. However, this same group!® found mark- 
edly abnormal enzyme values in a vast majority of 
patients with electrocardiographic evidence of acute 
myocardial infarction after myocardial revasculariza- 





tion procedures. 


SGOT levels were transiently elevated above 50 
units in 5 of our patients (including 1 subject who 
did not demonstrate the pattern of inferior wall in- 
farction), and above 100 units in 2 subjects in group 
I. This. elevation of SGOT level may have also been 
consequent to surgically induced myocardial trauma. 
Increased levels of SGOT have been previcusly re- 
ported in a series of patients immediately following 
cardiac surgery, with levels greater than 190 units 
unrelated to myocardial infarction.!9 

It is unlikely that progression of the proximal right 
coronary obstruction to 100 percent occlusion noted 
in 4 of 5 patients on recatheterization was based on 
postoperative coronary thrombosis. Similar occlusion 


has been noted before in postoperative patients who. 


underwent saphenous vein bypass alone and has 
been attributed to the natural course of coronary. 
atherosclerosis or hydraulic effects of the graft, or 
both.?1 ; 
Explanation of electrocardiographic pattern of 
infarction: It is difficult to state with absolute con 
fidence whether these patients sustained inferior wall. 
myocardial infarction. There are 2 possibilities: (1) 
Mechanical effects of the distal gas endarterectomy. 
may have altered the inferior myocardium in such a 
manner as to effect these electrovectorcardiographie 
abnormalities; or (2) these 9 subjects may have had 
myocardial infarction as a direct consequence of dis- 
tal gas endarterectomy despite an uneventful post-) 
operative course. If the former explanation is correct, 
difficulties may arise in the diagnosis of myocardial 
infarction after gas endarterectomy. If the latter. 
proposition is valid, the significance of such post-. 
operative infarction must be reassessed; both possi- 
bilities warrant future clinicopathologic correlation. 
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Previous studies have emphasized the essential similarity of arterio- 
graphic lesions in patients with angina pectoris and in those with 
acute myocardial infarction. In this study of 30 consecutive patients 
who underwent coronary arteriography for prolonged, severe angina, 
15 had a history or electrocardiographic evidence of prior myocar- 
dial infarction and 15 did not. The frequency of intercoronary circu- 
lation and the presence of a rudimentary (“filamentous”) vessel dis- 
tinguished the group with infarction, whereas the presence of focal 
bridging alone was characteristic of those with angina pectoris. The 
thesis is offered that angina is the result of proximal major vessel 
stenosis, with inadequate service by collateral circulation, and that 
the findings with infarction although quantitatively similar, result 
eventually in complete obstruction, often with: retrograde flow in a 
major vessel. Such a working hypothesis suggests that minor de- 
grees of myocardial. damage are explicable in terms of major vessel 
constriction with resultant injury at the subendocardial level. 


Coronary arteriography has identified a variety of abnormal vascular 
patterns but has yet to relate precisely clinical and pathologic findings 
in either angina pectoris or acute myocardial infarction. Roberts and 
Buja? have recently emphasized favored: loci in the atherosclerotic 
process, the first and second portions of the right coronary artery 
and the initial 2 cm of both the left anterior descending and circum- 
flex vessels. Extensive angiographic® and pathologic? studies of focal 
block at these and other areas have stressed the similarity of mor- 
phologic abnormalities in infarction without angina and angina with- 
out infarction. This study of 30 patients whose chief initial com- 
plaint. was angina pectoris, of whom half had infarction. and half did 
not, attempts to define and differentiate 2 separate arteriographic 
patterns. 


Material and Methods 


The criterion for admission to the study was progressive angina of several 
months’ duration... Each of the total group of 30 had sufficiently severe 
symptoms to warrant consideration for coronary arterial surgical interven- 
tion. Excluded from the study were those with acute myocardial infarction 
without. angina pectoris and those with primary problems of congestive 
heart failure as a result of multiple myocardial infarctions. All arteriograms 
were studied independently. of the clinical data; and the coronary circula- 
tion was described. Areas of narrowing of more than 50 percent: of vessel 
caliber were noted, and collateral channels identified. 

Collateral channels could be classified. as follows: (1). those involving a 
single major coronary artery (“focal” bridging), (2) those involving both 
right and left vascular beds (intercoronary), or (8). those involving special 
loci (transatrial, tramsseptal or ventricular endocardial). When it appeared 
that a specific single collateral vessel served as the principal alternate path- 
way (for example in the case of the right. coronary artery; the: conus branch 
or the right ventricular branch), each vessel was so identified. The entire series 
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was divided into subgroups, according to (1) significant 
stenosisof 1 or several vessels, and (2) presence or absence 
-of prior acute transmural myocardial infarction. 
-. The following descriptive terms were used to identify 
=; recurring abnormal vessel formation produced by segmen- 
~ tal narrowing: “Focal block,” a 50 to 90 percent local nar- 
rowing without obvious change in collateral circulation; 
“multichannel cuff,” a bulge in a major vessel proximal to 
a point of severe narrowing, usually with several dilated 
\.Joeal channels acting as anastomoses; “filamentous,” 
practically complete obliteration of a vessel with no mea- 
surable lumen diameter (intercoronary); and ‘“‘reduplica- 
: tion,” a great number of accessory channels supplying a 
. given vascular bed instead of a single major vessel. 






Results 


The series of 30 patients was subdivided into those 

with predominantly double vessel involvement (19 

patients, Table IA), and those with single vessel in- 
¿o volvement (11 patients, Table IB). About half of 

each group showed focal block and half intercoronary 
anastomoses. 
. Table II regroups the series according to focal 
oe bridging. intercoronary channels or reduplication of 
= vessels. There was no significant age difference be- 
o tween the group with focal bridging and that with 
PS intercoronary channels, and no significant difference 
appeared in the number of vessels involved. In the 
group with intercoronary channels there was bivessel 
involvement in 11 and univessel involvement in 6; in 
_the group with focal bridging, bivessel involvement 
occurred in 6, univessel involvement in 4. 
Twelve of 17. patients with intercoronary anasto- 
moses gave evidence of prior myocardial infarction 
- (11 by both history and electrocardiogram and 1 by 
- electrocardiogram alone) (Table ITA). In the group 
with focal bridging (Table IIB) only 2 of 10 gave a 
history (or showed electrocardiographic evidence) of 
prior myocardial infarction. 

Table Ill relates locus and type of lesion (focal, fil- 
 amentous, reduplicated) in both the right and left 
“coronary systems. Although 14 AR had either 

“total block or a thin filamentous vessel replacing a 

normal right coronary system, these alterations oc- 
curred on only 2 occasions to the left anterior de- 
scending artery. Moreover, this phenomenon occurred 
almost wholly in the group of patients with a history 
or electrocardiographic evidence of prior inferior 
myocardial infarction. Instances of focal block, on 

<c- the other hand, occurred somewhat more frequently 
in the left system than in the right. 










Discussion 


James’s thorough review® of the coronary collateral 
circulation serves as a model for the study of the 
¿pathologic anatomy of coronary artery disease. Our 
- subdivisions have followed his, with use of the term 
“focal block” to identify the 50 to 90 percent narrow- 
ing commonly utilized to describe quantitatively 
limitations in coronary arterial flow. We emphasize, 
moreover, the frequency of James's “starburst” ef- 
“fect {or multichannel cuff), a presumed attempt at 










TABLE | 
Summary of Arteriographic Findings in 30 Cases 





lat 
Case Age (yr) Collateral Channels Involved 

















no. & Sex Major Vessels Specific Type 
A. involvement of 2 or 3 Vessels 
1 49M RMCC, CB-LAD Focal 
LFB 
2 32F R Fil, CB-3rd Focal 
2 BIL 
3 53M R MCC, SN, AM Focal 
L Par 
4 31M RFB, AM, TS Focal 
LOM BL 
5 47M LAD; Circ CB-LAD, Intercoronaty © 
TA ae 
6 50M  RFILLFB Cire-PD Intercoronary 
7 61M R Redup, Par. Intercoronary 
L Redup 
8 60M R Redup, Par. SN, intercoronary 
L Redup CB 
9 53M R MCC AM, TS Intercoronary 
10 65M  RTotal BI, TS, Cire Intercoronary 
LFB i 
11 43F RFI LFB AM, Circ, Intercoronary: 
PD 
12 67M R Total BI, Cirċ-PD, Intercoronary 
LFB Circ-LAD s 
13 40M . R Total BI,  Circ-PD Intercoronary: 
LAD, Circ 
14 66M RFB, LFB  AM,TS Focal and 
intercoronary 
15 50M RFI, CB-LAD, Focal and 
L2 BI TV-TS intercoronary 
16 62M R Fil, L Fil SN, CB, RV, Focal and 
Circ-LAD intercoranary 
17 50M RFB,LFB RV, AM,TS Focal and 
intercoronary 
18 47M R Fil, L Fil CB-TS Focal and 
intercoronary 
19 53M R Redup, Redup Focal and 
L Redup intercoronary 








Septal Focal 








20 41M LAD 
Apical 
21 56M LAD; Circ Septal, OM Focal 
22 65M LAD... Septal Focal 
23 53M LAD Septal Focal 
24 58M RFB SN, AM Focal 
25 56M R FB CB Focal 
26 50M. RFB AM Focal 
27 44M LAD Septal intercoronary 
28 42M RFil Septal,CB  interċoronary 
29 38F R Fil LAD, Circ intercoronaty 
30 52M R Fil Circ Intercoronary | 








AM == acute marginal; BI = block; CB = conus branch; Cire 
circumflex; FB = focal block; Fil = filamentous; LAD. = left 
anterior descending; MCC = multichannel cuff; OM = obtuse 
marginal; Par. = parallel; PD = posterior descending; Redup = 
reduplication; RV = right ventricular; SN = sinus nodal branch 
TA = transatrial; TS = transseptal; TV = transvenous. 
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collateralization in the presence of focal block. It is 
important to stress that coronary arteriographic 
studies are unable to distinguish the specific mor- 
 phologic lesion responsible for the constriction, such 
< as an acute subintimal hemorrhage, chronic ulcera- 
tive plaque or slowly. developing fibrous stenotic le- 





TABLE Ii 
Summary of Clinical Findings 























Case Angina no. of infarction, 
ho (yr) Vessels Insufficiency Electrocardiogram 
A. Intercoronary 
5 1 2 INF 69, ACI '70 Old inferior INF 
Old ant-sept INF 
6 2 2 INF '69, ACI ‘70 Old inferior INF 
9 Ilwk 1 ACI Nonspecific 
10 2 2 Ant-sept INF Ant-sept INF 
(probable) 
2mo 1+ INF, ACI Inferior INF 
12 2 Many INF Old posterior INF 
2 2 INF ’70, ACI'71 Old Inferior INF 
21/2 2 Old posterior INF Old posterior INF 
2 ACI 761 Normal 
Imo 2 New ant-sept INF Borderline 
2 2 2 INF by ECG Old septal, old 
only inferior INF 
2mo. 2 None Normal 
5 2 3 prior INF Old anterior INF 
Wy 1 Ant-sept INF Ant-sept INF 
2 1 INF °69, ACI °71 AF, old inferior 
INF 
29 1 1+ ACI Prominent Q 
waves in leads 
iland Hl 
30 2 1 None Normal 
B. Focal Bridging 
1 5 2 ACI Posterior (?) INF 
2 imo. 2 None an 
3 6 2 3 INF, ACI Normal 
4 2 Posterior INF, T waves inverted 
ACI in leads H and 
til 
20 1 2 None Borderline 
21 10 2 septal, No INF, ACI Borderline 
circ 
22 Imo. 1 ACI Ant-sept INF 
23 1 1) Ant-sept INF Ant-sept INF 
(6 mo.) 
24 1 1 None Normal 
26 2mo. 1 None Borderline 
(early ST-T 
INF) 
i Reduplicated Vessels 
7 B 2 ‘ACI LVH 
8 5 2 Old ant-sept INF Old ant-sept INF 
19 10mo. 2 Borderline Old ant-sept INF 


ACi = acute coronary insufficiency; AF = atrial fibrillation; 
Ant-sept = anteroseptal) Cire = circurnflex; INF = infarction; 


LVH = 


ATA 


left ventricular hypertrophy. 


sion. In addition, arteriographic studies do not allow 
distinction. between immediate and long-term col- 
lateralization. 

Our morphologic findings (Table IM) emphasize 
the marked differences in “compensatory” adjust- 
ment in the right coronary artery and in the left, 
especially the frequency of total or subtotal complete 
block of the right coronary artery. There were, for 
example, 11 instances of a filamentous right coronary 
artery, but only 2 instances of a filamentous left an- 
terior descending artery. Thus, our most frequent 
early finding in coronary artery disease, especially 
with angina, appears to be major block of the right 
coronary artery with principal compensatory flow 
coming usually from the circumflex and occasionally 
from the left anterior descending artery. This repre- 


sents the major collateral intercoronary flow to the 


posterior left ventricular myocardium. As noted in 
Table II, the opposite effect, a vestigial left anterior 
descending artery, is much rarer, a phenomenon very 
possibly related to more abundant contiguous ves- 
sels. 

Angina pectoris without infarction vs. infarc- 
tion without angina: No precise data are available 
suggesting differences in coronary arteriographic pat- 
terns between angina pectoris without infarction and 
infarction without angina. Indeed, there is abundant 
evidence in the data of Proudfit et al. that the same 
major obstructive lesions. occur uniformly (95 per- 
cent) in the presence of angina pectoris, and almost 
always (99 percent) with acute myocardial infarc- 
tion. Parker et al.,*-? in a smaller but more detailed 
report comparing patients with angina and infarc- 
tion, noted no differences. between the 2 groups in 
extent of obstructive lesions, specific loci of obstruc- 
tion, or individual vessels involved, although each 
series was small in total number. In their 13 patients 
studied after transmural myocardial infarction, the 
correct electrocardiographic localization was made in 
every case; 2 vessels were involved in 12 of the 13, 
and there was complete obstruction in only 6 of the 
13. In the 12 with angina, 3-vessel involvement oc- 


TABLE Ill 
Classification of Arteriographic Findings 





Total “Focal Bridging —_Intercoronary 





Arteriographic Lesion no. % no. % no. % 





Focal block ` 

Right 10 20.4 7 33.3 3 10.7 

Left 16 32.7 7 33.3 9 32.1 
Total block 

Right : 3 6.1 0 6.0 3 10.7 
Filamentous) ` 

Right ll 22.4 2 9.5 9 32.1 

LAD 2 4.1 0 6.0 2 7.20 
Reduplication 

Right 3 6.1 2 9.5 1 3.6 

Left 4 8.2 3 14.4 1 3.6 

Totals ` 49 100 21 100 28 100 
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curred in 7 and 2-vessel involvement in 5, and the 
frequency of complete obstruction was similar in the 


< series with angina and that with infarction. 


In our experience (Tables I to HI), although ob- 


i ~- structive lesions occur as frequently in angina pecto- 


‘tis as in acute myocardial infarction, qualitative dif- 
ferences in morphologic findings have appeared often 
enough to suggest important clues to the pathogen- 
esis-of both angina and infarction. The data of Table 
IL {12 of 17 patients with intercoronary anastomosis 
(Table HA) showed electrocardiographic or clinical 
evidence, or both, of old myocardial infarction as 
‘compared with only 2 of 10 with focal block {Table 
IIB)] suggest strongly that important descriptive cri- 
. teria relating to coronary arteriography are either 
not being recognized or are not being reported. In 
fact, it is astonishing that the obvious question of 


. clinicopathologic correlation has not been more fre- 


quently raised and this paradox noted. Both Gensini 


oS et al. and Wilson et al.8 have drawn special atten- 
tion to the separation of “homocollaterals” from the 


_intercoronary variety. For example, Wilson et al.8 
< found collateralization in half of 76 patients and 


noted that homocollateral vessels occurred “‘most 


commonly between proximal branches of the occlud- 
ed artery and the segment of the occluded artery dis- 
~ tal to the occlusion.” Without drawing specific elini- 
copathologic correlations, they found that about a 
third of patients with homocollateral anastomoses 
also had intercoronary anastomoses between the 
right and left systems. 

Significance of collateral circulation: Helfant 
et al,’ in their study of the collateral circulation, 
went to great pains to analyze the significance of col- 
lateral channels and their possible protective func- 
tion. Although the 2-year follow-up data did not 
show a statistically significant difference between 
those with and those without collateral vessels, there 
-was enough apparent difference for the authors to 
conclude that “the favorable trend in survival may 
reflect the marginal but perhaps life-saving role of 
the coronary collateral circulation.” They empha- 
sized the selectivity of their series (only single-vessel 
stenoses greater than 90 percent) and considered the 
possibility that absence of collateral vessels might 

signify fibrosis of at least a portion of the myocar- 


dium distally. Roughly half the patients in their se- 
ries, either with or without collateralization, hadan 
abnormal electrocardiogram and a history of infare- 
tion. 

The data in this communication strongly suggest ; 
that the essential arteriographic findings of angina 
pectoris consist of major proximal arterial stenosis 
(focal block) without complete obstruction and with | 
inadequate service by local collateral vessels; the ar- 
teriographic findings of acute myocardial infarction, 





although quantitatively little different, consist. of- : 


major vessel obstruction with  collateralization 
through specific and unique intercoronary (retro- 
grade?) channels. Such a thesis is attractive, not 
only in relating angina and infarction, but suggests a 
further pathologic-clinical correlation in subendocar- 
dial infarction. Such minor degrees of myocardial 
damage may well occur in circumstances, as suggest- 
ed by Helfant et al.,? whereby inadequate collateral 
flow over periods of days or weeks results in myocar- 
dial injury, most often at a subendocardial level. In- 
fact, it is not unlikely that each of these coronary. 
crises leaves its own anatomic mark on the arterial 
tree and, quite possibly, on the ventricular myocar- 
dium. 


Conclusions 


Although the frequency and distribution of coro- 
nary atherosclerotic lesions are quantitatively similar 
in angina and infarction, certain qualitative differ- 
ences in distribution of collateral circulation permit 
their separate recognition. The thesis is offered that 
angina is usually the result of proximal major vessel 
stenosis, inadequately served by collateral circula- 
tion, and that acute infarction, although quantita- 
tively little different, results eventually in complete 
obstruction and, thus, retrograde flow in a major 
vessel. Such a working hypothesis further suggests 
that minor degrees of infarction are closely related to 
the pathophysiology of angina pectoris, and consist 
of more severe and sudden restriction of flow, accom- 
panied by injury to subendocardial muscle. 
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One hundred sixty patients from a defined population with acute 
myocardial infarction were questioned about their activities before 
hospital arrival. Hospital arrival time was divided into prodromal pe- 
riod, patient decision time, lay consultation: period, medical decision 
time and travel time. 

Forty-eight percent experienced prodromal chest pain before the 
acute onset of symptoms. The median hospital. arrival time for all 
patients was 2 hours, 45 minutes. Hospital arrival time was signifi- 
cantly prolonged in patients experiencing an increase in the severity 
of angina pectoris, and in those with a physician decision time of 
more than 1 hour. Implications for intervention techniques are dis- 
cussed. 


epideniolage studies of coronary heart dire have consistently 
demonstrated that the greatest numbers of deaths occur outside the 
hospital and are sudden; that is, they occur within 1 hour after the 
onset of symptoms.!3 Furthermore, estimates of the effect of various 
intervention techniques indicate that no subste ntial decrease in total 
coronary heart disease mortality can occur without a reduction in 
deaths that occur outside the hospital. + Data accumulated from mo- 
bile coronary care units and from continuous monitoring of patients 
hospitalized with acute myocardial infarction indicate that arrhyth- 
mic complications of the infarction are potentially reversible. Since 
most deaths due to acute myocardial infarction occur within the first 
hour after the onset. of symptoms, +3 but many patients do not ob- 
tain care until after the fourth hour,®.® a reduction in the time the 
patient spends outside the hospital before obtaining definitive medi- 
cal care is necessary to reduce deaths. due to ventricular fibrillation 
outside the hospital. Exploration of the causes for delay in obtaining 
definitive care may suggest methods of shortening this time period. 


Methods 


u- Twenty-five contiguous census tracts -in southeastern Montgomery 





County, Maryland, were chosen as the study area; all patients admitted to 


the one hospital in the study area during a 1 year period with acute myocar- 
dial infarction were eligible for study..To be included.in the study sample, 
patients had to be between 35 and 75 years old, active in the community up 
to the time of the acute onset of illness, and haveno complicating malignancy, 
renal or pulmonary insufficiency or other debilitating illness. 

Patients were interviewed as soon as possible after admission to the regu- 
lar rooms or the coronary care unit of the study hospital; spouses and other 
informed witnesses were ‘also questioned. whenever possible, and these 
sources were used exclusively for the 21 patients who died before they could 
be questioned directly. The interviews with informed witnesses in this lat- 
ter group were made 4 to 6 weeks after death. 

The structured interview was similar in format to that. used in‘a related 
study of sudden death in the same area,’ and. focused on past medical his- 
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tory, selected sociodemographic variables and the circum- 
> gtances surrounding the acute illness—its premonitory 
features as well as the events after acute onset. 
> The interval between the patient’s first awareness of ill- 
jess and the time he reached definitive care was divided 





--- Unto 6 periods adapted from the Suchman classification of 


-< the stages of illness.8 These time periods were defined as 
follows: 

Prodromal period: the period between the initial 
awareness of a health deviation and the onset cf acute 


ooo yimptoms. 


Definition period: the period between the cnset of 
acute symptoms and the seeking of lay advice. 

Lay consultation period: the period between the seek- 
ing of lay advice and medical consultation or travel to the 

hospital, if medical consultation was not sought. 

Medical consultation period: the interval between the 
start of medical consultation and the initiation of travel to 
the hospital. 

Travel period: the time spent. traveling to the hospital. 

Hospital procedural period: the time spent in the hos- 
pital emergency room or admission office undergoing ini- 
tial medical evaluation, diagnostic studies, administrative 


procedures and securing bed assignment. For some pa- 
tients, assignment of a physician. was also necessary. 





Hospital arrival time was defined as the total time from 
onset of acute symptoms to arrival at the hospital and is 


-e the'sum of definition time, lay consultation time, medical 


‘consultation time and travel time. Socioeconomic status 
l 2-factor 
index of social position.” Cardiac functional class was de- 
_termined by the New York Heart Association criteria.1° 
The diagnosis of acute myocardial infarction was made by 
the combination of a compatible clinical history, electro- 
cardiographic change of acute infarction and a character- 
` istic increase in serum glutamic oxaloacetic transaminase 
(GOT), lactic dehydrogenase (LDH) or creatine phos- 
phokinase (CPK) values; in the absence of unequivocal 
electrocardiographic changes, enzyme changes in the pres- 
ence of electrocardiographic changes of ischemia and a 
characteristic history were accepted. 

Cumulative frequency distribution curves of hospital 
arrival times were compared statistically by pairwise ap- 
plication of the Kolmogorov-Smirnov 2-sample test.14 
Differences in patient activity were tested statistically by 
chi-square. 


Results 


During the 1 year surveillance period, 160 patients 
fulfilled all criteria for inclusion in the study. There 
were 116 men and 44 women. One hundred thirty- 
nine patients were interviewed directly; 39 (28 per- 
cent) of the direct patient interviews were conducted 
on the first hospital day and an additional 57 (41 per- 
cent) by the third hospital day. In the 21 patients 
who died before interview, data were collected from 
the physician, the spouse, family members or work- 
mates. Twenty-six patients (16.2 percent) died dur- 
ing hospitalization; 5 died after interview. 

Prodromal symptoms: The frequency and type 
< of. prodromal complaints in the 160 patients are 

shown in Figure 1. One hundred twelve patients (70 
percent) noted some evidence of ill health before the 
‘onset of acute symptoms. Chest pain, the most fre- 


: _ quently encountered prodromal symptom, was pres- 


Chest Pain 
Fatigue -Weakness 






Anorexio-Nauseg Etc] 





Arm Pain Ete) 
Emotional Changes 
Dizziness-Syacope 

Ankie Edema 

Misc 


5 15 5 35 45 55 65 75 
Percent 
FIGURE 1. Frequency and distribution of prodromal symptoms 
in the sample population. The categories are not mutually exclu- 
sive, and patients may have complained of more than 1 symp- 
tom. 


ga 


ent in 47.5 percent. Half of those with antecedent 
angina pectoris said that they had a worsening of 
their established anginal pattern in the prodromal: 
period. Nonspecific fatigue or weakness was. de- 
scribed by 27 percent. of patients; dyspnea on exer- 
tion, orthopnea and other symptoms of congestive 
heart failure were noted by 25 percent. The remain- 
ing symptoms were noted with less frequency. 

In general, prodromal symptoms were noted short- 
ly before acute onset; 51 (45.5 percent) of those re- 
porting prodromal symptoms had them for less than 
1 week, 36 (32.3 percent) had symptoms for 1 week 
to 1 month, and the remainder had symptoms for 
more than 1 month. Only 3 patients thought that 
they could date their premonitory symptoms more 
than 60 days before the onset of acute symptoms. 

Components of hospital arrival time: The cu- 
mulative distribution plot of hospital arrival time 
and its component parts are summarized in Figure 2. 
By 15 minutes after'the onset of acute symptoms, 53 
percent of patients. had communicated their ill 


health to a lay informant. Fifty percent had sought 


medical care within 90 minutes. By 2 hours, 45 
minutes, 50 percent ‘had arrived at the hospital. By 
12 hours, over 20 percent had not yet arrived at the 
hospital emergency room, although some of these 
had engaged: in out-patient. medical consultation. 
Viewed in a different fashion, this distribution func- 
tion shows:that although by 1 hour more than 70 
percent of patients had told someone else about their 
acute symptoms, 4 hours passed before an equivalent 
number of patients had completed the lay consulta- 
tion period and had either obtained medical consul- 
tation or had begun traveling to the hospital. Where- 
as 46 percent were in a hospital bed 4 hours after 
acute onset of illness, 12 percent were being evalu- 
ated in a hospital emergency room, and an equal 
number were engaging in physician consultation or- 
were en route to the hospital, and 30 percent were 


still defining their ill state or engaging in lay consul- _ - 
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Patient Definition’ 


Definitive 
Core 


CUMULATIVE PERCENT 


HOSPITAL ARRIVAL TIME (Hours) 


-o TABLE I 


‘Distribution of Patient Decision Time: Time from 
Onset of Acute Symptoms to Seeking of Lay advice 





% 
Time no, % (cumulative) 
Minutes 
<~15 85 §3.1 53.1 
16-30 14 8.8 61.9 
31-60 14 8.8 70.7 
Hours 
1-2 11 6.9 77.6 
2-3 14 8.8 86.4 
3-4 6 3.5 90.2 
4-6 7 4.4 94.6 
6-12 3 1.9 96.5 
>12 6 3.8 100.0 
total 160 
= TABLE HH 


10 Distribution of the Lay Consultation Period: the Period 
= Between the Seeking of Lay Advice and Medical Consultation 


% 
Time no,* F (cumulative) 
No lay 
consultation 14 8.8 
Minutes l 
1-15 64 43.8 43.8 
16-30 16 oc 11.0 54.8 
31-45 7 4.8 59.6 
46-60 10 6.8 66.4 
Hours 
1-2 11 7.5 73.9 
2-4 12 8.2 82.1 
4-6 4 2.7 84.8 
6-12 11 7.6 92.3 
>12 11 7.6 100.0 
total 160 


* Fourteen patients (8.8 percent) sought medical consultation 
-before seeking lay advice: 


+ Percent expressed as percent of those receiving lay con- 


sultation before medical consultation. 





FIGURE 2. ‘Cumulative curves of the various 
time segments. The solid line indicates hospi- 
tal arrival time. Time periods are defined in 
the texi. 


tation. The duration of the patient decision periods 
for the entire group, and the duration of the lay con- 
sultation periods for the 91 percent of patients who 
sought lay consultation before. medical consultation 
are shown in Tables Land II. 

Effect of physician consultation: Forty-two pa- 
tients (26.2 percent) went directly to the hospital 
without seeking medical consultation. Their median 
hospital arrival time was 90 minutes (Fig. 3). The 
distribution of physician decision time for the re- 
maining 118 patients who did seek medical consulta- 
tion is shown in Table III. Their median hospital ar- 
rival time was 4 hours, 15 minutes. Seventy-one (60 
percent) of the physicians consulted took less than 1 
hour to advise the patient to go to the hospital, and 
the hospital arrival time of these patients did not 
differ significantly from the arrival time of those who 
had no physician. contact. The 47 patients whose 
physicians took longer than 1 hour had a median 
hospital arrival time of more than 12 hours (P < 
0.001). Those physicians who took longer than 1 hour 
generally had requested that the patient make an of- 
fice visit or had elected:to make a house call or to 
treat the patient medically before hospitalizing him, 
usually after a sübsequent consultation. 

Final travel to the hospital: Travel time to the 
hospital occupied a small proportion of hospital ar- 
rival time, especially for those arriving after the 
third hour. In two thirds of the patients, actual trav- 
el time to the hospital was less: than 30 minutes 
(Table IV}; however, several patients took longer 
than 60 minutes. No patient lived more than 6 miles 
from the hospital, and. the usual cause of prolonged 
travel time was the patient’s absence from home at 
the time of onset. Several patients traveled more 
than 100 miles to be nospitalized closer to home. 

The study community is served by a volunteer fire 
and rescue squad service. Persons can summon the 
service simply by calling the central dispatcher who 
sends the appropriate equipment. The service enjoys 
widespread community support, and no charge is 
made. In spite of this, only 92 patients (57.5 percent) 
utilized this mode of transport to get to the hospital. 
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Distribution of Medical Decision Time: the Time Taken by the 
iysician to Reach a Decision to Hospitalize the Patient 



























: Time no.* Percent? Cum. Percent 
"No physician 
i i “consultation (42) (26.2%) 
oo. Minutes 
<15 49 41.5 41.5 
16-30 8 6.8 43.3. 
31-60 m 11.8 60.1 
Hours 
1-2 13 11.0 ThA 
2-3 8 6.8 77.9 
3-6 8 6.8 84.7 
6-12 4 3.4 88.1 
>12 ; 14 11.9 100.0 


“Total 160 


Oty A2dinstances. (26.2 percent} no physician was contacted 
-o pdorto the patient's arrival at the hospital. 

- | Percent.is expressed as percent of those consulting a physi- 
cian before reaching the hospital. 


“TABLE IV 
Distribution of Travel Time to Hospital 








Time Cum, 

(min) no. % % 
<15 37 23.6 

16-30 70 43.8 67.4 
31-45 34 21.2 88.5 
46-60 9 5.4 94.9 

->60 10 6.0 100.8 

Total 160 





Sixty-five. (40.6 percent) arrived by private car, 2 
took a taxi, and 1 walked: Patients who elected to 
use the rescue squad tended to arrive earlier than 
those. who used some other mode of transport; 87.5 
percent of those arriving in less than 1 hour came by 
rescue squad, compared to only 30 percent of those 
who. arrived after 12 hours (P <0.001). However, 
there was no significant difference in actual time 
spent traveling between those who arrived by rescue 
squad and those who arrived. by private car. 

.. After hospital arrival: Once having reached the 
hospital, patients spent various periods of time in 


< the emergency room or admitting office while clinical 


evaluation and administrative procedures were per- 
formed. The distribution of hospital procedural time 
is- shown in Table V. Over half the patients were oc- 
cupying a hospital bed in less than 60 minutes after 
arrival at the hospital. The hospital procedural peri- 
_od was significantly affected by whether previous ar- 
rangements for admission had been made for the pa- 
ent by his physician before arrival. Seventy percent 
-Of the 43 patients for whom advance arrangements 
— had been made for hospital admission were in a hos- 








CUMULATIVE PERCENT 





TABLE V 


Distribution of the Hospital Procedural Period: Time from 





HOSPITAL ARRIVAL TIME (Hours) ; 
FIGURE 3. -Correlation between physician decision time and 
hospital arrival. time. Forty-two patients did not seek medical 
consultation before arriving at the emergency room. 


Patient’s Arrival at the Hospital Until Arrival at a 


Hospital Bed 


Hogias 











Time no. % Cum, % 
Minutes 
<15 24 15.1 15.1 
16-30 11 6.9 22,0 
31-60 49 30.6 52.6 
Hours 
1-1.5 27 16.9 69.5 
1.5-2 25 15.6 85.1 
2-3 14 8.7 93.8 
>3 10 6.2 100.0 
total 160 





pital bed by. 30, minutes, but by 1 hour only 38 per- 
cent of the 117 without advance arrangements were 
in bed (P <0.001). 

There was no significant correlation between hos- 
pital arrival time and sex, age, educational or occu- 
pational level, socioeconomic class, time of day of 
onset of symptoms or prior cardiac functional class. 
The median hospital arrival time for the 48 patients 
(30 percent) with a previous acute myocardial infarc- 
tion was 40 minutes longer ‘than for those who had 
no such history, although this difference was not sta- 
tistically significant (Fig. 4). When considering those 
31 patients who had antecedent angina pectoris with 
an increase in anginal severity in the prodromal pe- 
riod, the median hospital arrival time was 3 hours, 
45 minutes compared with a median hospital arrival 
time of 1 hour, 40 minutes for the 57 patients who. 
had neither of these (P <0.05) (Fig. 5). 

Self-treatment activities: Prolongation of hospi- 
tal arrival time was also correlated with certain ac-. 
tivities engaged in by the patient after the onset of 
acute symptoms but before hospital arrival. For the 
65 patients (40.7 percent) who took prescribed medi- 
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FIGURE 4. Comparative cumulative hospita! arrival time in 
patients with a previous acute myocardial infarction (Prev. M.I.) 
and in those without. N.S. = not significant. 


TABLE VI 


Correlation Between Arrival Time and Various Self-Treatment 
Methods Used by Patients Before Hospital Arrival 





Hospital Arrival Time (hours) 
Methods* <i 1-3 3-12 >12 





P Value 





Prescribed 

medication 25% 33% 42% 67% 
Patent ; 
medication 10% 13% 32% 4% <0.01 
Household 

remedies and 

miscellaneous 

methods 43% - 49%: 49%. 58% NS 


<0.01 





* Methods are not mutually exclusive and patients may have 
engaged in more than one type of self-treatment. 
NS = not significant. 


cation (nitroglycerin, cardiac glycosides, antihyper- 
tensive agents, and the like) a significant correlation 
was noted between the frequency and rate of utiliza- 
tion of these agents and hospital arrival time (Table 
VI). For example, only 25 percent of those arriving in 
less than 1 hour utilized prescribed medication, but 
67 percent of those arriving after the 12 hours did so 
(P <0.01). A similar relation exists for the utilization 
of patent medications (Tums®, Alka Seltzer®, for ex- 
ample) with only 10 percent of those arriving in less 
than 1 hour utilizing them, but 41 percent of those 
arriving after 12 hours doing so (P <0.01). Although 
the use of household. remedies such as baking soda 
and carbonated beverages was common (49.1 percent 
of the patients using them), no significant correla- 
tion between their utilization and hospital arrival 
time was noted. The dosage frequency of these self- 
treatment methods was also increased with pro- 
longed hospital arrival time. Patients who utilized 
prescribed medication but who still arrived in less 
time than 1 hour had a mean dosage rate of 1.5/per- 
son; those arriving after 12 hours had a mean dosage 
rate of 6.5/person. A similar pattern of dosage utili- 
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HOSPITAL, ARRIVAL TIME (Hours) 
FIGURE 5. Cumulative hospital arrival times for patients with 
antecedent angina pectoris (Ang. Pect.).and increasing ‘severity 
before acute onset.and for patients who had neither antecedent 
angina nor prodromal chest pain. 


TABLE VII 


Correlation Between Arrival Time and the Nontherapeutic 
Activities Engaged in by Patients Before Hospital Arrival 





Hospital Arrival Time (hours) 








Activities* <1 13 3-12 >12 P Value 
Deferred seeking 
medical 
consultation 10% =. 22%. 22% 44% .<0.01 
Modifications in : 
social obligations 15%: = 18% M4% 41%  <0.01 


Face and 
presentation acts 


10% 11% 27% 15% NS 





*Activities are not mutually exclusive and more than 1 cate- 
gory may apply tọ a given patient. 


zation was also noted for those who used patent 
medication; those arriving in less than 1 hour took 
1.0 dose/person, and those arriving after 12 hours 
took 2.9 doses /person. 

Nontherapeutic activities: A variety of non- 
therapeutic activities were also engaged in by many 
patients. These activities were not directed toward 
symptom definition or relief but involved interpre- 
tive decisions and social responses to the acute ill- 
ness. Thirty-eight patients (23.8 percent) said that 
they initially considered calling a physician earlier in 
their symptomatic phase, but elected not to do so 
because of the hour of the day, the presumed 
unavailability of the physician or because their inter- 
pretation of symptom severity did not dictate medi- 
cal consultation. Ten. percent. of those arriving in less 
than 1 hour volitionally delayed seeking medical ad- 
vice; however, this was true of 44 percent of those ar- 
riving after 12 hours (P <0.01) (Table VII). A similar 
relation was seen for the 48 patients who made sig- 
nificant modifications in existing social obligations 
such as changing work patterns or altering previous- 
ly scheduled leisure time activities (P <0.01). 
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: Twenty-five patients (15.6 percent) made exten- 
sive preparations to ready themselves for the trip to 
the hospital or to see a physician. These acts of “face 
and presentation” (changing clothes, washing up, 
¿packing a suitcase, and the like), although not un- 





ae common, were not correlated with a significantly 


~ prolonged hospital arrival time. 

There is a slight but nonsignificant trend in hospi- 
tal mortality rate by hospital arrival time. The hos- 
pital mortality was 12.5 percent (5 of 40) for those 
arriving within 1 hour, 17.8 percent (8 of 45) for 
those arriving between 1 and 3 hours, 19.5 pereent (8 

of 41) for those arriving between 3 and 12 hours, and 
14.7 percent (5 of 34) for those arriving after 12 
hours; furthermore, there was no significant differ- 
ence in the proportion of deaths that occurred within 
: 24 hours after onset of symptoms and hospital arriv- 
al time. 


Discussion 
-A reduction in the time the patient spends before 


oe obtaining definitive care is one approach to reducing 
death outside the hospital due to coronary heart dis- 


‘ease. Although many patients experience a fatal ar- 
rhythmia within minutes after the onset of acute 
. symptoms, many are acutely ill for an hour or more 
- before death occurs.7+12 

The distribution of hospital arrival time in this 
‘study is not statistically different from that reported 
previously by Moss and Goldstein® although the me- 
dian is 1 hour shorter. The slightly greater propor- 
tion of patients in this study who arrived within the 
first hour may be due to different sampling methods 
and interview techniques. 

No significant difference in hospital arrival time 
and sex, age, education level, occupation, socio- 
economic class or past history of heart disease was 
found. Nor did these variables differ significantly 
from: those noted in patients who died outside the 
hospital. in the same community over the same 1- 


year period.” The principal variables involved in de- 


termining which patients will reach the hospital 
alive are: (1) the time course of the illness from onset 
of symptoms to ventricular fibrillation (should it 
occur), and (2) the time the patient takes outside 
. the hospital away from definitive care. How one uti- 
<- Hzes time as a resource is therefore a major determi- 
-< nant of whether one dies outside the hospital setting 
or is hospitalized. 

It might be expected that. patients with a prior 
history of cardiovascular disease, especially those 


with a -prior history of acute myocardial infarction, - 


would arrive at the hospital sooner than those who 
had no such experience. The learning acquired by 
previous symptom experience might facilitate recog- 
_ nition of acute illness and definitive response. Once a 

= patient engages in lay consultation, the rapidity of 
seeking medical consultation thereafter depends not 
nly on his own responses, but also on the degree of 
awareness, sensitivity and assertiveness of his lay 





consultants. One might expect that referral of pa- 
tients with recurrent episodes of coronary heart dis- 
ease might occur sooner. However, the data indicate 
that there is no significant difference in hospital ar- 
rival time between those who had a previous acute 
myocardial infarction and those who did not; in fact, 
patients with a prior history of angina pectoris with 
an increase in anginal severity arrive significantly 
later than those patients who have rieither prodro- 
mal chest pain nor a past history of angina. 

The rate of change in symptoms may be a key 
variable in explaining this paradoxical response be- 
tween past illness and securing care for a new or 
worsening illness. If one has already become accus- 
tomed to a constellation of symptoms, once new 
symptoms appear, one is less likely to view them: 
with alarm than if-one has had no such experience. 
This may be particularly so if the symptom spec- 
trum of the acute illness resembles the chronic one. 
Also, patients with chronic illness have at their dis- 
posal a variety of self-treatment modalities—drugs 
as well as less specific learned behavior patterns: 
—with which to treat the symptoms. Each of these 
self-treatment methods takes time to perform as well 
as time to wait for anticipated or hoped for response. 
The amount of time a patient spends in waiting for a 
response is dependent on his interpretation of symp- 
tom severity, his optimism, his previous experience 
and previously received professional advice. 

The performance of some nontherapeutic activities © 
was also correlated with prolonged hospital arrival 
time. These activities were not directly related to re- 
lief seeking, but pertain to how a person interprets 
his current illness in relation to his existing social 
responsibilities. Failure to disregard existing social 
obligations, as well as attempts to modify various 
role obligations to fit within the limitations imposed 
by the new illness, demonstrates that delay is not 
unconscious; it illustrates how the ill patient deliber- 
ately retains selected segments of some social roles 
while acutely ill. 

Preparing for an anticipated hospital stay, and 
“washing-up” or changing clothes demonstrate ex- 
amples of the retention of social proprieties by these 
patients. One would expect that such proprieties 
would be abandoned during time of acute illness, but 
this is not the case. 

Should the patient seek out-patient physician con- 
sultation, an immediate transport to the hospital for 
definitive care is not guaranteed. The data indicate 
that for almost 40 percent of those seeking medical 
consultation, the physician took longer than 1 hour 
to decide to send the patient to the hospital. The 
fact that the physicians who took longer than 1 hour 
were more likely to have treated the patient medi- 
cally as an out-patient, make a house call, or exam- 
ine the patient in the office would imply that some 
of these patients may have presented with a less di- 
agnostic spectrum of symptoms or a less alarming 
history. 
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_. Reliance on ambulance service or mobile coronary 
-care units to shorten the prehospital phase? has ob- 
vious limitations. First, substantial delay occurs be- 

-fore the ambulance is called. Second, less than two 
thirds of the patients elected to use this mode of 
transport to the hospital. Although the cost of am- 
“bulance care to the individual patient might be con- 
sidered to be a negative factor in using these facili- 
ties in some areas, this was not a variable in this 


a community where emergency ambulance care ser- 
: vice is free. 

Implications of study: The time spent before-ob-. 

© taining definitive care for an acute myocardial in- — 

farction is consumed by symptom definition, © lay 

consultation and lay referral,1* and, for most, ob > 

taining preliminary medical consultation, as well as 


traveling to the hospital. Self-treatment, which can 
be performed during any of these time periods, is 
intimately related to defining illness severity, partic- 
ularly for those with a previous history of heart dis- 


4. Gordon: T, Kannel W: Premature death due. to arterios- 
<= glerotic:- heart disease. JAMA 215:1617~-1625, 1971 
. Kuller L, Lilienfeld A, Fisher R: Epidemiologic study of 
sudden and unexpected deaths i n adults. Medicine 46:341- 
ie 361, 1967 
zoo g. McNeilly RH, Penburton.d: Duration of last attack in 998 
fatal cases of coronary artery disease and its relation to 
: possible cardiac resuscitation, Brit Med J 2:139-142, 1968 
“4, Kuller L: Sudden death in. arteriosclerotic heart. disease; 
the case for preventive medicine. Amer J Cardiol 24:617- 
624, 1969 
5. Moss AJ, Goldstein S: The prehospital. phase of acute myo- 
cardial infarction. Circulation 41:737+742, 1970 





5 : 6. Hackett TP, Cassem NH: Factors contributing to delay in 


responding to the signs and symptoms of acute myocardial 
i infarction. Amer J Cardiol 24:651-658; 1970 i 
“7% Simon AB, Alonzo AA: <An epidemiologic study of the cir- 
cumstances surrounding:sudden and non-hospitalized cardi- 
ac death. Arch Intern Med (Chicago) in press 
8. Suchman EA: Stages oj iliness and medical care. J Health 


ease. However, it is obviously time consuming, par- 
ticularly when done repetitively. 

It follows, therefore, that a reduction in time spent 
before obtaining definitive care for an acute myocar- 
dial infarction and, therefore, a possible reduction in 
deaths due to potentially treatable arrhythmias that 
occur outside the hospital might result if (1) patients 
were more adequately informed about the meaning 
and significance of cardiovascular symptoms; (2) lay 
consultants acted more expeditiously in behalf of the 
patient; (3) appropriate utilization of self-treatment 


~ methods by the patient was employed; (4) extrane- 
ous behavior was discouraged; and (5) physicians 
were educated to utilize emergency care facilities for 


patients with suspected coronary events. 15 
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È eneral Index for the Assessment of Cardiac Function 


The concept of a “normalized velocity” was employed to provide a 
uniform approach for the assessment of cardiac function. In par- 
ticular, the quantities [(dp/dt)/p]max, [(dV/dt)/V]max and 
[t(di/dt) /I]max were applied to data taken from 89 studies in 71 in- 
fants, children and young adult patients. Here p represented the total 


left ventricular pressure, V the instantaneous ventricular volume and | 


the instantaneous outward displacement as. recorded from an apex 
cardiogram at time t from the onset of displacement. 
Results were as follows: (1) The contractility index [(dp /dt) /p|max 


appeared to relate to myocardial function assessed clinically and to be 


more consistent with the clinical findings in the clear-cut situations 
than Vmax based on total pressure, Vmax based on developed. pres- 
sure and [(dP/dt)/P] at P = 40 mm Hg developed pressure where. 
P = total pressure minus end-diastolic pressure. (2) The ejection 
velocity [(dV /dt) /V]max was found to reflect hemodynamic function 
and correlated with the ejection fraction (r = 0.80). (3) The index 
[t(d! /dt) /I]max as obtained from the apex cardiogram related well - 
to [(dp /dt) /p]max (r = 0.72). h 
These studies suggest that values for “normalized velocity” ob- 
tained from direct or indirect methods, give reliable guides to myo- 
cardial function and allow for meaningful comparisons among pa- 
tients. 


Over the past decade, many indexes have been developed for the as- 
sessment of cardiac function in man. Although standard indexes such 
as cardiac output, stroke work and ejection fraction have been useful 
for characterizing the left ventricle as a pump, they provide little 
specific information with regard to the heart as a muscle. On the other 
hand, although a variety of indexes based on the force-velocity con- 
cept have been proposed for the assessment of muscle function, many 
of them do not permit patient to patient comparison. 

The purpose of the present study was to propose a general approach 
to the assessment of cardiac function utilizing the concept of “normal- 
ized velocity.”! This concept arises from the observation that the 
mechanical behavior of heart muscle can best be described in terms of 
exponential stress-strain characteristics similar to those of other 
biological elastic tissues. In addition to normalized derivatives of 
ventricular pressure which have been used in the past, this concept is 
extended here in the clinical situation to apply to variations in ven- 
tricular volume and to variations in precordial displacement as re- 
corded by the apex cardiogram. These normalized quantities allow for 
comparisons to be made among patients and make corrélations þe- 
tween indexes based on direct and indirect methods more meaningful. 

The maximal “normalized velocity” as described in the appendix is 
considered, and the following indexes are studied: (1) The maximal 
value of [(dp/dt)/p] where p is total left ventricular pressure. (2) The: 
maximal value of [dV/dt)/V] or ejection velocity where V is the left 
ventricular volume. (3) The quantity [t(dl/dt)/l] max where | is the 
instantaneous outward displacement as recorded by the apex cardio- 
gram (acg) at the instantaneous time t from the onset of displace- 
ment. The introduction of the time t into this latter index will be 
discussed later in the analysis. 
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FIGURE 1. Displacement time tracing as recorded by the 
anex cardiogram (ACG). The zero point is taken as the bottom of 
the notch after the a wave and where the slope of the trace is 
horizontal. The instantaneous outward displacement (I) is the 
coordinate measured vertically from this zero point and the in- 
stantaneous time (t) is the coordinate measured horizontally 
fram the zero point. The tracing as shown was recorded at a paper 
speed of 200 mm/sec; thus each vertical line corresponds to 40 
msec. For computational purposes, however, the tracing is re- 
corded on magnetic tape and played back for time expansion at 
a paper speed of 1600 mm /sec. This time-expanded tracing is 
then placed on an XY digitizing table which is connected to a 
POP-9 computer. The tracing is followed. by hand with an elec- 
tronic marker which inputs to the computer continuous values of 
the horizontal coordinate (t) and vertical coordinate (i) and the 
quantity (tdi/dt)/! is evaluated at 3 msec intervals until a maxi- 
mal value is reached. Note that tean be calibrated in an arbitrary 
manner since the quantity (tdi/dt) /l is dimensionless. The elec- 
trocardiogram (ECG) is:used as a reference tracing only. 








containing a signal splitting circuit in order to sepa- 
rate heart sound and pulse wave signals. The frequen- 
cy response of the total system was flat (+3 db) from 
0.01 to 500 Hz. Both pressure and external tracings 


Method and Materials 


Eighty-nine studies in 71 patients ranging in age 








from 1 month to 22 years (median age 10%. years) 
were made on the basis of technically adequate data 
obtained during diagnostic cardiac catheterization. 
These patients were considered to have volume over- 
load (35), pressure overload (19), myocardial disease 
(7) and atrial septal defect or volume underload (10). 
These data included 71 left ventricular pressure values 
recorded with Statham SF-1 or P866 transducer-tipped 
catheters. For the SF-1 catheter, pressures obtained 
_were calibrated in vive using the catheter lumen and a 
second transducer; for the P866, a second catheter was 
used for calibration. Eighteen apex cardiograms were 
recorded after the catheterization procedure by means 
of 2 highly sensitive Hewlett Packard contact sensors 
(no. 21050 A) which had a cylinder tip and an adaptor 


were recorded using analog tape and time expanded to 
give a speed of 1600 mm/sec. An XY digitizing table 
connected to a computer (PDP-9 Digital Equipment 
Corp.) was employed for the evaluation of the quan- 
tities [(dp/dt)/p]max and [t(dl/dt)/l}max. Pressure traces 
were sampled every 3 msec and average values of 3 
consecutive beats were taken for the evaluation of 
[(dp/dt)/p}]max; for the evaluation of the apex cardio- 
gram, 5 to 8 beats were averaged. 

Biplane angiograms (either cine at. 60 frames/sec or 
large films at 6 to 12 frames/sec) were obtained in the 
majority of patients; however, because of premature 
contractions or poor opacification of the ventricle, 
technically adequate films were not always available. 
End-diastolic and end-systolic volume measurements 


TABLE | 
Results in 71 Cases 











Contractility Indexes (sec) 














Case Age LVEDP Ejection —_ [(dV/dt)/V] “ACG 
no. (yr) Diagnosis (mm Hg) Fraction max (sec!) (ty /max Vpm Vmax Vo Vio 
1 Vig VSD 8 sa vee ba 78 102 143 61 
2 fia vsD 15 sae fee x 36 47 101 
3 Bis VSD (closed) 11 ak ke oe 35 50 72 ua 
4 48/5 VSD (closed) 14 0.69 5.9 is 49 64 104 42 
5 5 VSD 8 ae ey 2.65 51 61 103 41 
6 5Y/ie VSD 12 a wee ee 40 56 93 42 
7 58 fig VSD/PA band 17 A Wis fee 29 39 87 27 
8 hig VSD 4 0.88 9.7 56 69 83 56 
9 8 VSD, Po 16 0.62 4.2 2.18 28 39 68 34 
10 8/12 VSD, ASD 12 0.66 5.2 2.35 44 57 96 ae 
ll 82/19 VSD/PA band 6 ean Ae ae 55 66 74 35 
12 85/12 VSD, MR 12 a wae sie 38 47 80 28 
13 Bf VSD (closed) 6 0.75 6.2 57 63 85 Lek 
14 9 VSD, Po 14 0.83 8.6 55 78 103 42 
15 10/12 VSD 10 0.81 fis 45 58 86 41 
16 12/12 VSD, PS 13 re 2.64 49 59 107 33 
17 124/19 VSD 7 0.72 6.6 f 60 69 93 43 
18 148/1> VSD((closed) 10 0.81 8.0 Pr 54 70 109 Al 
19* 162/12 VSD (closed) 10 sea ee a 43 51 81 42 
20 16%/,2 VSD, AR 12 0.64 49 62 98 42 
21* 164/,. VSD(closed) 10 0.80 2.62 46 53 80 36 
22 204/12 vsp 11 0.76 5.0 57 68 112 46 


(continued) 
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TABLE | (continued) 




















a Age LVEDP Ejection {(dV/dt)/V]_ ACG Contractility indexes (sec=1) 
p on Diagnosis (mm Hg) Fraction max (sec) (t#/I)max Vom Vmax Vo Vas 
oo B 212/12 VSD, AR 11 0.40 2.8 vale 41 49 83 39 
28 9/19 AR, AS, PO 17 0.84 4.2 2.28 38 59 110 36 
EFE 127/15 AR, MR 9 0.57 oye wes 35 45 66 34 
26 134/12 AR 10. me is ie 63 72 106 40 
27 19/12 AR Beneni As as. 38 53 102 29 
28 195/12 ARG 10 0.62 oo 2.80 51 58 g1 55 
29 Thre MR, ASD 9 ha 2.39 62 81 80 45 
“30 Sufie MR, AoV - 30 0.76 : 21 41 66 23 
replac 
8/42 MR 15 0.52 ae 1.90 36 40 80 39 
Wi MR 14 0.72 can ans 30 46 68 32 
164/12 MR, AR 13 abe as ote 47 69 131 beh 
Sie AV canal 9 0.74 Me 2.66 46 52 90 38 
165/12 AP window 15 ore eb as 32 39 72 33 
sfiia Coarc, VSD 13 ae es oe 65 7] 170 84 
5 Coare 7 0.86 6.2 Lo - 64 81 © m8 62 
17 “Coarc 20 0.78 a ee 32 47 83 33 
15?/i “IHSS, MR 14 0.92 a p 38 48 88 40. 
82/12 AS, PO, AR 17 0.70 6.1 vie 45 77 86 46 
84/1, AS, subvalv 20 a Be 2.12 26 43 75 30 
10/2 AS, subvalv 16 0.91 2.25 36 48 99 44 
MWe AS, Po 17 0.63 4.0 44 60 132 
ir AS, Po, AR 22 0.63 4.5 ead aa 48 62 112 63 
AB 12/12 AS valv 13 0.83 8.2 Dk 43 53 86 50 
SAE 18M yy ‘AS, AR 10 0.69 5.2 53 63 100 53 
AB 158 AS, PO, AR 15 0.81 5.9 — 58 67 104 60 
AB 168/49 AS, AR 10 aes ah ES 54 69 124 52 
Ag Iiia AS subvalv 12 ue Ane tas 58. 72 92 44 
50 174/15 AS, subvalv 23 oe ee 1.54 36 42 115 47 
Bh. 18/4 AS, PO 12 Nes nee ae 43 53 81 45 
po BR 19 AS, AR 20 As bss Bs 39 52 107 42 
Bae: 21 fin CAS; valv 9 ior a e 4l 53 87 46 
ee 221/12 AS, valv 13 0.75 sie 2.62 51 66 98 55 
Be 12/12 Myoc 13 0.35 © 34 1.88 26° 28 56 22 
56 1/1 Myoc 32 0.16 1.5 ns 22 42 84 s 
87 Wn Myoc 18 0.66 6.4 eo 26 ~ 3B 85 
58 Pha Myoc 12 0.66 ea 1.86 32 39 7 
T age 14e Myoc 21 0.77 ae ee 39 55 73 
60 208/15 Myoc 20 TN is sie 35° 51 68 
61 212/15 Myoc 12 0.34 ki 2.02 29.32 59 ee 
“62 5 ASD 8 ads a Be 54 68 104 50 
vorba ie ASD 7 i es, PF 52: 65 94 32 
oy 6A: 64/1 ASD 10 Wish rvi T 43 53 79 44 
o Tir ASD 11 0.85 10.2 es 58 70 112 49 
68 82/15 ASD, PO 7 0:53 2.8 ils 53. 62 78 42 
oo 67. 9 ; ASD, AR 11 ee sek io 50 67 98 50 
68 Ye - ASD, MR 17 0.75 Aa 2.20 38 50 88 36 
69 8/1 ASD, PS 6 sage bs a 74 91 121 63 
70 l/r. ASD 14 0.62 Sis oes 35 44 83 34 
AL. 135/2 ASD ' 9 0.72 55 66 95 49 


*Studies 19 and 21 were performed on the same patient. ; 
: ACG = apex cardiogram; AoV = aortic valve, AP = aortopulmonary; AR = aortic regurgitation; AS = aortic stenosis; ASD = atrial 
„ septal defect; band = banding: AV = atrioventricular; Coarc = coarctation ;dp/dt = first derivative of left ventricular pressure; dP/dt =< 
-first derivative of developed pressure: [(dV/dt)/V]max = ejection velocity; IHSS = hypertrophic subaortic stenosis; | = outward dis- 
“placement; LVEDP = left ventricular end-diastolic pressure; MR = mitral regurgitation; Myoc = myocarditis; PA = pulmonary. artery; 
) = postoperative; PS = pulmonary stenosis; replac. = replacement; subvalv = subvalvular; V = instantaneous left ventricular 
lume; valv = valvular; Vio = (dP/dt)/P at P = 40 mm Hg; Vom = [(dp/dt)/p]max; Vmax = extrapolated value to zero total pressure; 
VSD = ventricular septal defect: Vp = extrapolated valve to.zero developed pressure; ... indicate data insufficient for analysis or 
unavailable. 
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for the evaluation of the ejection fraction were avail- 
able in 42 patients, and complete volume data through- 
out. the cardiac cycle for computation of the ejection 

velocity were obtained from cineangiograms in 23 pa- 
tients. Formulas and computing techniques for the ven- 
tricular geometry and pressure tracings have been pre- 
viously described. 2: 

Assessment of left ventricular contractility [(dp/ 
dt)/pļmax: Many studies have been conducted in an at- 
tempt to obtain guides to contractility with the aid of 
pressure recordings alone. Indexes such as peak dp/dt,45 
time to peak dp/dt,® the second derivative of pressure 
(d2p/dt?)max7 -* and extrapolated values of (dp/dt)/kp ver- 
sus p, that is, Vmax,%12 have all been employed. How- 
ever, several of these quantities, are very much dependent 
on preload and afterload and, in the particular case of 
Vmax, errors can arise in the extrapolation procedure for 
patients with relatively high end-diastolic pressure. 

An alternative index [(dp/dt) /kp}max343 has been em- 
ployed with moderate success in the clinical situation for 
© the assessment of myocardial. contractility. In these stud- 
ies a value of k = 28, obtained from the papillary muscle 
studies of Sonnenblick?4 and intact. dog heart studies by 
Covell et al.,1® was assumed for all patients. Since many 
simplifying assumptions in addition to the use of simulta- 
neous pressure and cineangiographic data must be made 
in an evaluation of k for the intact human heart, this 
value has been omitted entirely from this analysis. Fur- 
thermore, the quantity {(dp/dt) /p}max has been shown by 
Nejad et al.16-17 to be independent of preload and after- 
load within an accuracy of 10 percent. Urschel et al.18 
< have recently shown variations in [(dp /dt) /p}max of about 

18 percent over wide ranges of end-diastolic pressure. 
-These investigators, along with Davidson et al.,1® have 

stimulated a renewed interest in the use of developed 
pressure, as opposed to total pressure, and have intro- 
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duced 2 additional indexes of myocardial contractility. 
These indexes have also been studied here, and their limi- 
tations will be discussed later in the analysis. 

Left ventricular ejection velocity, [(dV/dt)/V]max: 
A variety of hemodynamic indexes have been developed for 
the assessment of cardiac function including cardiac index, 
stroke index, left ventricular end-diastolic pressure, left 
ventricular end-diastolic volume, maximal ejection.and fill- 
ing rates. Although useful in quantitating the hemodynamic 
aspects of individual patients, these indexes are not normal- 
ized quantities in the sense of reflecting instantaneous 
changes during ventricular contraction and therefore may 
not be appropriate for making comparisons among patients. 
In particular, Frank et al.2° have shown that maximal rates 
of ejection (dV /dt)max and filling (dVf/dt)max correlate 
rather poorly with end-diastolic volume and ejection frac- 
tion (r <0.50). The poor correlations may well be due to 
the absence of a normalization factor. 

The quantity ((dV/dt)/V}max is determined by differ- 
entiation of a mathematically smoothed ventricular vol- 
ume-time ¢urve which is plotted from the onset of con- 
traction to end-systole. Such an analysis makes it manda- 
tory that cineangiography be employed as was done in this 
study. However, this limitation may be eliminated if aver- 
age ejection velocities are evaluated on the basis of end- 
diastolic and end-systolic frames in a manner similar to 
that performed by Karliner et al.?1,22 

Assessment of left ventricular function by external 
tracings, [t(dl/dt)/I]|max:. The apex cardiogram offers 
advantages over other well known techniques for assessing 
left ventricular function in that (1) the method is nonin- 
vasive and can be used in patients too ill to be subjected 
to the traumatic procedures of catheterization; and (2) it 
offers a simple means of follow-up study, particularly of 
patients who have impaired cardiac function or who have 
undergone operation. 
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EJECTION FRACTION 


FIGURE 2. The relation between Vpm and left ventricular end-diastolic pressure for 71 patients (A) and between Vpm and ejection 
fraction for 42 patients (B): Adopting a value of 15 mm Hg as the upper limit of normal for left ventricular end-diastolic. pressure and 
0.60 as lower limit of norma! tor ejection fraction, as discussed in the text, an average cutoff value of Vim = 41 sec” ' was obtained 
from the regression equations (Table 11). A, in general left ventricular end-diastolic pressure greater than. 15 mm Hg was associated 
with a low value for Vpm,.except for the 3 patients with pressure overload indicated by the closed circles. On the other:hand, many pa- 
tients with left ventricular end-diastolic pressure less than 15 mm Hg had low Vpm values. B, with 1 exception, all patients with Vom 
greater than 41 sec” had é normal ejection fraction. However, there were many. patients with various types of lesions who had a nor- 
mal ejection fraction despite low values for Vpm. ASD = atrial septal defect: Myoc. = myocardiopathy. 
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Analyses of the apex cardiogram by previous ieee : 
Bnd oe < = 


< tors (Benchimol and Dimond,?3 Spodic 
- Tafur et al.25) have focused on the meas 
ous time intervals during the cardiac cycle 
have been partially successful but are in gë 
dependent on preload. Furthermore, there h 
correlation with reliable indexes of ventricular function. 
:  Reèale,?8 and more recently Kesteloot et al.,27 have indi- 
< ccated that the peak first derivative of the apex cardiogram 
is closely related to peak dp/dt of the left ventricular 
“pressure. In particular, Kesteloot et al. have calibrated 
“the apex cardiogram in terms of millimeters of mercury 
_« and obtained a significant correlation for peak [(dp/dt)/p] 
‘as calculated from both the apex cardiogram and the left 
-ventricular pressure tracing. 
_ In the present analysis, the apex cardiogram is analyzed 
“from the beginning of the outward displacement following 
the a wave, which generally coincides with the time when 
the slope of the tracing is zero (Fig. 1). The quantity 
[t(dl /dt)/lJmax, which also may be written as [(dl/dt) / 
--(l/t)]Jmax, is obtained from the upstroke of the apex car- 
> diographic tracing, where l is the instantaneous outward 
displacement and t is the instantaneous time measured 
from the onset of the outward displacement. Thus, the 
me factor serves to avoid the infinite values that may 
ccur at 1.= 0 and also provides a normalization of the in- 
stantaneous velocity with the average velocity. Since the 
upstroke of the apex cardiogram corresponds closely in 
r time with the period of isovolumic contraction and also is 
quite similar to the upstroke of the left ventricular pres- 
>. gure tracing, this index has been correlated with the 
-contractility parameter [(dp/dt)/p]max in an attempt to 
. obtain’ a noninvasive method for assessing muscle func- 
‘tion. 





















Results 


Table I lists the results of the hemodynamic and 
contractility indexes measured for each patient. 
Relation between these indexes and ejection fraction 
and left ventricular end-diastolic pressure are shown 
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in Figures 2 to 7. In Figure 3, [(dp/dt) /p}max is diss 
played for the patient categories of volume overload, 
pressure overload, myocardial disease and atrial sep- 
tal defect (volume underload). The relation between 
[(dp/dt)/p]max and the apex cardiographic index 
[t(dl1/dt)l ]max is shown in Figure 6. 

For the entire group of patients studied here, 15 
mm Hg was selected as the upper limit of normal for 
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FIGURE 3. Distribution of Vpm in a group of 71 patients with 
various cardiac. lesions. Patients: with volume overload and pres- 
sure overload appear to be evenly distributed. Except for the 
group with myocardiopathy (Myoc. disease), there is no signifi- 
cant difference between the means of these groups. Some pa- 
tients with atrial septal defect (ASD) had other lesions such as 
aortic regurgitation or mitral regurgitation; thus, this group was 
more heterogeneous, and we have not computed the mean ` 
values for this group. 
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EJECTION FRACTION 


F GURE 4, Relation between Vo (Vmax based on developed pressure), and left ventricular end-diastolic pressure (LVEDP) for 71 pas 
tients ( (A) and between Vo and ejection fraction for 42 patients (B). An ejection fraction of 0.60 yielded a cutoff value for Vo = 86 < 
ae sec™*. A, there was no relation between Vo and left ventricular end-diastolic pressure (r = —0.11); B, all patients with values of Vgs 
_ =) greater-than 86 sec™! had a normal ejection fraction. 
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“FIGURE 5. Relations between ejection velocity [(dV/dt) /V max ard left ventricular end-diastolic pressure (A), and between ejection ve- 


“.4ocity and ejection fraction (B) for 23 patients. Cutoff value = 4.6 sec”! for ejection velocity. A, twelve of the 14 patients with values 


oo greater: than:4.9 sec~’ had-a left ventricular end-diastolic pressure less than or equal to 15 mm Hg. One of 2 exceptions was a patient 
: owith myocardiopathy. B, there was a good correlation between the ejection velocity and ejection fraction (r = 0.80). 


left ventricular end-diastolic pressure and 0.60 as the 

lower limit of normal for the ejection fraction. Stud- 

ies of patients with ventricular septal defect by 
- Nadas and Gamble?8 have found that the mean pul- 
monary capillary pressure may range up to 15 mm 
‘Hg simply from large left to right shunts. However, 
pressures above this value almost always indicate ei- 
ther associated mitral stenosis or clinically evident 
myocardial dysfunction. Previous hemodynamic 
studies from this laboratory have shown that the 
ejection fraction in almost all young patients in the 
age groups studied here exceeds 60 percent unless 


the clinical diagnosis is myocardiopathy or rheumat- 


ic heart disease. These values have therefore been 
taken rather arbitrarily and employed in the regres- 


a 
75 Q Vol. overload 
Press. overload 
70 i A Myoc. 
t 
Pa i X aso 
i 
H 
60 i Q 
i 
s5- ! 
7 i 
” H 
_ & 45 H Oo OO 
i 
Ís e 
= 
= 35 (J O 
3 A 
* 30 
g 
7 25 A 6 


t= O72 


> 
R E O ieee oo 


i 15 16 17 18 19 20 21 22°23 24 28.26 27 28 28 

f AÇG=ttdijdt/ Pmax 
FIGURE 6. Relation between the. contractility index Vpm and 
[t(di/dt) /I]max as obtained from the apex cardiogram. Here | is 
the outward displacement and t is the instantaneous time mea- 
sured from the onset of displacement. All patients with Vom. 
greater than 41 sec~' had a value for [t(dl/dt)/I]max greater 
than 2.3. The apex cardiagraphic index correlated well with Vom 
{r = 0.72). 


sion equations (Table II) in order to obtain the “‘cut- 
off” values for the various parameters displayed in 
Figures 2 to 7. It should be emphasized that these 
values are not based on normal control patients. 


Discussion 

Assessment of myocardial contractility: A gen- 
eral index, which can be employed in the clinical sit- 
uation, has been developed for the assessment of car- 
diac function on the basis of the “normalized veloci- 
ty” concept. The contractility parameters [(dp /dt) / 
plmax and Vmax based on total pressure, and 
Vmax, Vao([(dP /dt) /P] at P = 40 mm Hg) based on 
developed pressure (P), appear to provide supple- 
mentary information on myocardial function not 
otherwise obtained from the conventional hemody- 
namic parameters. For instance, among the 7 pa- 
tients in the present study with clinical evidence of 
myocardiopathy and low contractility indexes, 3 had 
a left ventricular end-diastolic pressure of less than 15 
mm Hg, and 3 had a normal ejection fraction. One of 
these patients (Case 58) with left ventricular end- 
diastolic pressure of 12 mm Hg and an ejection frac- 
tion of 0.66 died 1 year after the study and autopsy 
revealed severe fibrosis of the ventricular myocar- 
dium. Her Vpm was markedly reduced (32 sec~1) as 
was her Vmax (39 sec~1) and Vo (71 sect). It is of 
interest to note that Vpm was the most reliable in 
detecting abnormality in the 7 patients in this cate- 
gory. The index V4o could not be evaluated in 6 of 
the 7 patients since 40 mm Hg of developed pressure 
occurred during the ejection phase. As shown in Fig- 
ure 2, all patients with myocardiopathy (shown as 
triangles) had values of Vpm below the cutoff level of 
41 sec.~4 

A good correlation was observed between Vpm and 
left ventricular end-diastolic pressure (r = —0.59, 
Fig. 2A). Only 3 patients (all with pressure overload) 
had an end-diastolic pressure greater, than 15 mm 
Hg and yet were considered to have normal contrac- 
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‘normal ejection fraction. 


‘In contrast, a number of patients including 3 
myocardiopathy were thought to have de- 
d contractility despite left ventricular end- 
A c pressure of less than 15 mm Hg. Patients 
: with values of Vpm greater than 41 sec~? almost al- 
ways had a normal ejection fraction (25 of 26, Fig. 
2B). Also, a decreased ejection fraction almost al- 

ways indicated abnormal muscle. However, a large 
f patients with all types of lesions had a 
rmal ejection fraction despite low values for Vpm. 
“In Figure 3, Vpm has been plotted for the specific 






groups of patients with volume overload, pressure 


overload, myocardiopathy and atrial septal defect 
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Relation between the apex cardiogram (ACG) and Jeft ventricular end-diastolic pressure (A) for 18 patients and between 
apex cardiogram and ejection fraction (B) for 13 patients. Cutoff value = 2.2 sec~')-A, in. general, high values for the apex- car- 
aphic index. were associated with normal values for left ventricular end-diastolic pressure. Three patients with myocardiopathy. and 
mal values for left ventricular end-diastolic pressure had low values for | 


t(di/dt) /I]max. B, ail patients with values above 2.2 sec! 


(volume underload). A mean value was not comput- 

ed for the atrial septal defect group since some of 

these patients had other lesions such as aortic regur- 

gitation or mitral regurgitation. The mean values for 
the other groups were not significantly different ex- 
cept for the myocardiopathy group. Wide variations 

in contractility are observed in patients with all. 
types of hemodynamic loads; decreased myocardial 

function is not exclusively found in any specific. 
group. Recent studies by Graham et al.2° showed 

that the mean value of Vpm for patients with pres-_ 
sure overload was significantly lower than a group of 

normal controls, but thėre was considerable overlap. 


lation Coefficients and Regression Equations for Various Indexes 


Com bined 





no, of 
Groups Patients Mean 
u EVEDP - 71. 44,3 
ERS 42 43.4 
E ACG 18 40.1 
oo Vmax vs EVEDP. 71 57:5 
ee ‘EF 42 55.5 
Moo vs LVEDP 71 93.1 
EF 42 89.5 
Mag VS: LVEDP 59 43.7 
EF 34 43.6 
MAV/dt)/Vimax vs LVEDP 23 5.7 
EEN, EF 23 5,7 
-ACG vs LVEDP 18 2.3 
o EF 13 2.3 





f 
SD Value 


Regression. Equation 





13.2 —0:59 Vom = 63.8 — 1.5: (LVEDP) 

11.5 0.46 Vim == 33.0 (EF) + 20.6 

10.3 0.72 Vom = 21.3 (ACG) — 8.4 

13.9 0.47 Vmax == 74.0 — 1.3 (LVEDP) 

12.5 0.53 Vmax = 41.8 (EF) + 26.6 

20.0 —Q.11 Not applicable 

16.6 0.41 Vo = 42,9 (EF) + 59.8 

11.3 — 0.28 Not applicable 

10.1 0.33 Not applicable ; 
2.2 —0.47 [(AV/dt)/V]max = 7.9 — 0.20LVEDP) 
2.2 0.80 [(dV/dt)/V]max = 9.9 (EF) — 1.0 
0.35 —0.66 ACG = 3.06 — 0.06 (LVEDP) 
0.32 0.51 ACG = 0.94 (EF) + 1.7 





ACG = apex cardiogram; EF = ejection fraction; LVEDP = 


left ventricular end-diastolic pressure. 
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Figure 4 indicates that Vo (Vmax based on devel- 
oped pressure) does not correlate well with the left 
ventricular end-diastclic pressure (r = 0.11). Al- 
though the correlation with the ejection fraction is 
low (r = 0.41), the qualitative results are very simi- 
lar to those for Vpm. 

Studies by Falsetti et al.2° and Krayenbuehl et 
al.31 appear to suggest that Vpm and Vmax may be 
useful in assessing myocardial function in adult pa- 
tients also. However, before one can assess the sensi- 
-tivity of these contractility indexes, large bodies of 
data need to be collected from high fidelity pressure 
recordings and follow-up studies performed on these 
patients. 82 


Biplane angiocardiographic analysis: This has 
proved to be a useful tool for the quantitation of 
hemodynamic function. In particular, the ejection 
fraction has been shown to be a reliable pump func- 
tion parameter. The ejection velocity defined in this 
study by [(dV/dt) /V]}max was found to correlate well 
with the ejection fraction (r = 0.80) and left ventric- 
ular end-diastolic pressure (r = —0.47) (Fig. 5). Evi- 
dence suggests that it may also give some guide to 
~~ contractility. It has been. shown that the ejection 
fraction may sometimes remain rather high despite 


‘evidence (from Vpm) of decreased myocardial func- 


“tion. In at least 2 of these instances in the present 
study (Patients 9 and 24), [(dV /dt) /V}]max suggest- 
ed decreased function values as ejection fraction re- 
mained normal (0.62 and 0.84, respectively) in light 
of low values of Vom. Thus, the quantity: [(dV/dt) / 
Vjmax may be a better guide to contractility than 
the ejection fraction. This quantity, measured during 
the early part of the systolic ejection period, is simi- 
lar to the contractility index Vcr—the circumferen- 
tial fiber shortening velocity at peak stress as pro- 

posed by Gault et al. 33 

There are several drawbacks to this biplane analy- 
sis. Changes in shape take place very rapidly during 
early ejection; thus, high speed cineangiography is 
necessary to minimize errors of analysis that may 

‘arise in the differentiation of the volume-time 
curves. Furthermore, this analysis is not always pos- 
sible if premature ventricular contractions occur. 
However, for adult patients with asynergy of con- 
traction, angiographic analysis may provide the only 
useful approach. 

. he apex cardiographic contractility index: 
Although the number of external tracings analyzed 
in this study is small, the good correlation of the 
apex cardiographic eontractility index [t(dl/dt)/ 
lJmax with the index [(dp/dt)/p}]max (r = 0.72, Fig. 
6) is an encouraging result; Furthermore, the apex 
cardiographic index correlated with left ventricular 
end-diastolic pressure {r = —0.66) and ejection frac- 
tion (r = 0.51, Fig. 7). It should be noted that all pa- 

‘tients with values over 2.2 for [t(dl/dt) /l]max had a 
normal ejection fraction. There are certain technical 
problems in recording the left ventricular apex cardio- 
gram in very obese or emphysematous patients or in 
those with marked right ventricular hypertrophy or 


pericardial disease.25 Fortunately, it is usually possi- 
ble to perform this test in young patients. Thus, the 
apex cardiogram appears to be an attractive nonin- 
vasive technique for screening patients and for the 
follow-up study of patients with impaired myocardial 
function. 

Other cardiovascular applications of ‘‘normal- 
ized velocity”: In addition to the indexes studied 
here, the concept of normalized velocity may have 
other applications in the cardiovascular system. For 
example, analyses of arterial pressure and flow rate 
tracings may provide useful information relative to 
the peripheral circuit. Thus the quantity [t(dP /dt) / 
P]max, where P is the pulse pressure measured at 
various locations, may yield evidence of arterio- 
sclerotic regions or other vascular disorders. The 
index [t(dQ/dt)/Q]max, where Q is the flow rate, 
defines a normalized acceleration of flow and may 
also be a useful indicator of myocardial function. For 
adult patients, an approach to the quantitation of 
asynergy of contraction could be the application of 
the quantity [(dA/dt) /A]max, where A is a segmen- 
tal area of cross section of a left ventricular silhou- 
ette. 

There are advantages to the employment of the 
“normalized velocity” indexes described in this 
study. With the exception of the angiographic index, 
only a single physiologic measurement is involved, 
thus errors of measurement. and analysis are reduced 
to a minimum. Furthermore, the index [(dp/dt)/ 
p]max can be readily automated with the aid of a log 
amplifier and differentiator, as shown recently by 
Grossman et al.°4 and Brower et al.35 Finally, the 
normalized properties of these indexes provide a 
sound basis for comparison between patients and for 
correlating indexes obtained by both the direct and 
indirect methods. 
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APPENDIX 


Rationale for “Normalized Velocity” Concept 


The concept of ‘normalized velocity’’ can be based on 
the definition of natural strain which was-first suggested 
by Mesnager?® some 70 years ‘ago in his studies of the 
elastic behavior of rubbery type materials. The terms 
stress (force /unit area) and. strain (change in length /unit 
length) are employed in elasticity theory since they allow 
for valid comparisons to be made between structures of 
different sizes and shapes. Thus an increment of strain e 
may be represented by the expression .de = dl/l where | is 
the instantaneous length. If 1p is the initial or resting 
state length, the total strain é or the natural strain is 
given by e = }f,,(dl/l) = loge(l/lo) = logel — logelo, con- 
versely one may write this as 1 = lge‘. 

For the intact heart, ly is usually. an ‘end-diastolic 
length or radius in which case ¢ is.a developed strain. If 
we differentiate the strain e with respect to time we ob- 
tain de/dt = (d/dt)(logel) = (dl/dt)/l, which is defined to 
be a “normalized velocity” or strain-rate. It is of interest 
to note that if l is the semiminor axis of.an ellipsoid of 
revolution, the assumed shape for the left ventricle, this 
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expression becomes the circumferential fiber-shortening 
velocity Ver, which is employed in force-velocity analy- 
ses. 
_ Ina similar manner we may define an increment of vol- 
ume strain e by de, = dV/V, where V is, say, the left 
ventricular volume and the volume strain-rate therefore 
becomes (de,/dt) = (dV/dt)/V. Finally, from the papil- 
lary muscle studies of Parmley and Sonnenblick38 an ap- 
proximate stress-strain relation o = ooe*‘® has been ob- 
tained to describe the mechanical behavior of the series 
elastic element which forms 1 component of the Hill 
model5® for muscle contraction. Here e is the total stress, 
oq is the preload stress, k is the series elastic stiffness con- 
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stant, and es is the developed strain of the series elastic 
element. Differentiating the above expression we obtain 
ko,/dt = kove*s(des/dt) = ko(de./dt). In particular, (dest 


dt) is the series elastic strain-rate or series elastic lengthen: = 


ing “velocity.” If this formula is extended to the particular 
case of isometric contraction in the intact heart, des/dt 
becomes the “velocity” of shortening of the contractile 
element and we may write des/dt = (da/dt)/ke = (dp/ 
dt)/kp (since the stress o is directly proportional to the 
ventricular pressure p). Thus (dp/dt)/p is related to con- 
tractile element shortening “velocity” and a stiffness con- 
stant k which is assumed to remain approximately con- 
stant within a specific group of patients. 
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The stability of myocardial lysosomes in the right and left ventricles 
of the dog heart was decreased after a 4 hour period of acute total 
ligation of the left circumflex coronary artery. Lysosomes isolated 
trom the site of uniform ischemic injury in the left posterior papillary 
muscle either had much less enzymatic activity or were disrupted. 
Cells at this site exhibited other signs of severe injury, such as sig- 
nificant glycogen depletion and potassium loss. Hypoxic. right ven- 
tricular loci which evidenced glycogen loss but no potassium deple- 
tion also demonstrated significant lysosome involvement. The extent 
of lysosome disruption was compared to the degree of change in 
subcellular indexes of hypoxic and ischemic myocardial injury. The 
evidence suggests that alterations in lysosome stability may be 
among the earliest structural changes that occur: during the process 
of ischemic myocardial injury; and the presence of lysosome in- 
volvement in hypoxic sites that lost glycogen but not potassium indi- 
cates that the intracellular release of acid hydrolases occurs before 
cellular death and may contribute to the initiation of the process of 
cellular injury. 


Knowledge of intracellular changes associated with ischemic injury is 
basic to the understanding of myocardial infarction. The presence of 
lysosomes in heart tissue has been demonstrated biochemically and 
morphologically.-5 However, the demonstration of disruption of 
myocardial lysosomes after coronary arterial occlusion had not been 
established at the onset of this study. 

Electron micrographs have demonstrated myocardial lysosomes to 
be present in sufficient numbers to make their identification readily 
evident. Recent on-going studies in this laboratory demonstrated a 
close association of the myocardial lysosome with multiple mito- 
chondria during hypoxic injury to the dog heart. When linked with 
the well known capacity of lysosomes to uncouple oxidative phospho- 
rylation of mitochondria, these findings suggest that hypoxia- or 
ischemia-induced alterations in the membrane integrity of individual 
lysosomes might result in the hydrolysis of multiple mitochondria. 
Thus, these alterations may be a primary structural lesion responsi- 
ble for the genesis of the process of ischemic myocardial injury. 

The aim of this study was to investigate the possibility of lysosome 
involvement during the early stages of acute. myocardial infarction. 
Myocardial lysosome stability was therefore studied at specific ven- 
tricular sites of uniform and heterogenous ischemic injury after 4 
hours of acute total ligation of the left circumflex coronary artery of 
the dog heart.@8 


Methods 


Randomly seleeted male and female dogs were anesthetized with sodium 
pentobarbital, 30 mg/kg body weight, and respiration was maintained at a 
constant rate by a Harvard respirometer. A left thoracotomy was per- 


a 492 October 1972 The American Journal of CARDIOLOGY Volume 30 








‘formed, and a longitudinal incision exposing the left at- 
rium and ventricle was made in the pericardium. A 5 mm 
segment along the length of the left circumflex coronary 


: artery was cleared of adhering fat tissue. A 3-0 silk liga- 
__ ture was loosely positioned around the artery. This site 
was always located distal to the first large ventricular 


branch of the circumflex artery and at the midline of the 
base of the left atrium. 

Sham-operated dogs were surgically prepared as de- 
‘scribed and maintained in the operative state for 4 hours. 
‘The heart was then excised while still beating. In experi- 
mental dogs, the left circumflex coronary artery was total- 
ly occluded by a 3-step procedure. The artery was reduced 
to the diameters of 14 and 18 gauge surgical needles, re- 
spectively, at 20 minute intervals, and then totally oc- 
cluded. At the end of 4 hours, the heart was excised while 
still beating. Hearts from sham-operated and experimen- 
tal dogs were then subjected to the following procedures 
and analyses. 


Ventricular sampling sites: To standardize the tissue 
sampling site and reduce the variability associated with 
multiple experiments, the following easily identifiable 
“v ventricular loci were used in successive experiments: left 

„anterior and posterior papillary muscles; apical region of 


the left ventricle; and right ventricle, adjacent to the an- 


h terior descending coronary artery. Earlier studies have 
= shown the left posterior papillary muscle to be a predict- 
able site of uniform ischemic injury in the dog heart after 


total occlusion of the left circumflex artery. Other studies 


have- shown the presence of myocardial injury in both 
right and left ventricles after total occlusion of this artery. 


Subcellular distribution of lysosomal enzymes: In 1 
series of 16 experiments subcellular fractions were pre- 
pared by homogenation and differential centrifugation in 
0.25 M sucrose as described by Buchanon and Schwartz.4 
After excision, the hearts were immediately placed in a 
0,25 M sucrose at 4 C to arrest contractions. One gram 
tissue samples were rapidly blotted, weighed and finely 
minced. They were then ground for 3 minutes at 4 C in 10 
ml of 0.25 M sucrose with use of a Potter-Elvehjam ho- 
mogenizer with motor-driven pestle. No attempt was 

-made to homogenize the samples totally. Mechanical dis- 
ruption- of intracellular organelles was minimized by using 
a loosely fitting homogenizer and pestle, and by employ- 

ing only 1-up and down movement of the pestle per min- 
ute during homogenation. 
The homogenates were then centrifuged at 450 x g for 
10 minutes in a Sorvall Superspeed SSIA centrifuge main- 
stained at 4 C. The residue of cellular debris was discard- 
ed. The remaining supernatant or whole homogenate frac- 
“tion, except for.0.8 cc, was centrifuged at 20,000 x g for 

30 minutes at 4 C. The supernatant was removed and the 
¿< lysosome-containing fraction was resuspended in 10 ml of 

:0.25 M sucrose and centrifuged again. The washed frac- 
tion was then suspended in 3 ml of 0.25 M sucrose. Ali- 
quots of whole homogenate, the lysosome-containing frac- 
tion and the 20,000 x g supernatant were assayed in du- 
plicate for acid phosphatase and beta glucuronidase activ- 
ity. The activity present in the lysosome-containing frac- 
tion was considered bound or sedimentable activity. The 
activity present in the 20,000 x g supernatant was consid- 
red unbound or nonsedimentable. Total activity was that 


< found in the whole homogenate fraction (450 x g). Acid 


phosphatase levels were determined colorimetrically using 
p-nitrophenol phosphate as substrate during a 30 minute 
incubation at 37 C. Beta-glucuronidase levels were deter- 
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mined colorimetrically using phenophthalein glucuronide 
as substrate according to DeDuve as modified by Plaice.® 

Kinetics of acid phosphatase release: In a second se- 
ries of separate experiments the hearts were rapidly ex- 
cised after 4 hours and washed with cold isotonic sodium 
chloride solution at 4 C. One gram aliquots of tissue from 
the different ventricular loci were obtained. Each block of 
tissue was rapidly trimmed with a razor to approximately 
25 mm in length and 10 to 15 mm in width so as to obtain 
blocks of comparable dimensions. The tissues were then 
sectioned along their longitudinal axis into sections ap- 
proximately 1 mm in width. The tissue slices were placed 
into 10 ml of cold isotonic sodium chloride solution in 25 ml 
capacity flasks so as to minimize thermal inactivation of 
the enzyme. The flasks were gassed with 95 percent oxygen 
and 5 percent dioxide and capped with tightly fitting ground 
glass stoppers. The flasks were then rotated at a speed of 10 
revolutions/min on a Multipurpose Rotator (Scientific In- 
struments, Inc. model 150V) at 4 C. The tissues were incu- 
bated for 3 hours. At hourly intervals, 0.2 ml of solution 
was removed from each flask and analyzed for acid phos- 
phatase activity. The flasks were then gassed and sealed. 

Serum acid phosphatase: The serum level of acid 
phosphatase was monitored during studies in sham-oper- - 
ated and experimental preparations. Femoral venous ` 
blood samples were collected in heparinized syringes, and” 
the serum was obtained. Acid phosphatase levels were de- 
termined immediately according to the p-nitrophenol 
method.® In 1 group of 5 sham-operated and 6 experimen- 
tal dogs blood samples were collected 6 hours after the 
start of each study. 


Results 


Subcellular distribution of acid phosphatase: 
The values for the activity of acid phosphatase in 
subcellular tissue fractions of the dog heart are tabu- 
lated in Table I. A comparison between the valves of 
the sham-operated and experimental preparations 
demonstrated significant differences in the subcellu- 
lar distribution of the enzyme. The total activity of 
acid phosphatase was significantly reduced in isch- 
emic apical regions of the left ventricle (P >0.01) 
and in left posterior papillary muscles (P >0.001). 
The sedimentable activity of the enzyme in the lyso- 
some-containing fractions (20,000 x g) of these 
hearts was significantly decreased at all ventricular 
sampling sites. The ratios of sedimentable/nonsedi- 
mentable activity were lower at these sites than 
those obtained for corresponding sites from sham- 
operated hearts. The extent of the decrease in the 
sedimentable activity of the lysosome-containing 
fraction appeared to be related to the distance of the 
tissue sampling site from the locus of uniform isch- 
emic injury in the left posterior papillary muscle. 
The decrease in the sedimentable to nonsedimenta- 
ble ratios appeared similarly related. 

Subcellular distribution of beta-glucuronidase: 
Comparison of hearts after 4 hours of sham-opera- 
tion and after 4 hours of occlusion (Table ID) demon- 
strated significant differences between the sediment- 
able activities of the lysosome-containing fractions 
from corresponding tissue sites in the 2 groups. The 
extent of the decrease in the sedimentable to non- 
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TABLE | 


Subcellular Distribution of Acid Phosphatase in Dog Ventricular Muscle 


cc arent natin iaa 





a I RR 


Right Ventricle 
4 hours of sham-operating (no. = 11) 
Total activity 25.1 £ 2.7 
Nonsedimentable 20.2 = 2.1 
Sedimentable 4.9 1.2 
Sedimentable/nonsedimentable 0.24 
4 hours of total occlusion (no. = 17) 
Total activity 23.3 2.9 
Nonsedimentable 19.5 + 2.7 
Sedimentable 3.74 0.9 
Sedimentable/nonsedimentable 0.24 


Left Anterior Apical Regions, Left Posterior 
Papillary Muscle Left Ventricle Papillary Muscle 
24.78 -+ 2.5 24.3 2.8 26.01 + 2.5 
19.89 + 2.5 20.1 2.4 19.7 Æ 2.2 
5,24 1.4 4,740.7 5.2 + 1.0 

0.26 0.23 0.21 
22.7 + 2.8 20.0- 2.2* 21.5 + 3.6ł 
19.5 + 2.8 18.1 1.6 20.7 + 3.2 
3.2 + 0.6 2.4 a2 .1.0* 0.9 + 0.9t 
0.16 0.13 0.04 


Numbers are the mean values. + the standard deviation and represent the amount of p-nitrophenol liberated per hour per gram of 


_ wet-weight tissue. 


*P.<0.01. 
+ P.<0.001. 


TABLE Il 


- Subcellular Distribution ‘of Beta-Glucuronidase in Dog Ventricular Muscle 





Apical Regions, 


penne ie ieai 


Right Ventricle 
4 hours of sham-operation (no. = 5) 
Total activity i 2.3 0.2 
Nonsedimentable 1.5+ 0,2 
Sedimentable 0.9- 0.1 


Sedimentable/nonsedimentable 0.61 
4 hours of total occlusion (no. = 5) 


Total activity 2.2 0.2 
Nonsedimentable 1.7 =: 0.2 
Sedimentable 0.6 0.1% 
Sedimentable/nonsedimentable 0.35 


Left Anterior Left Posterior 
Papillary Muscle Left Ventricle Papillary Muscle 
2.34% 0.2 20+ 02 2.3. 0.2 
13+ 0.1 122: 0.1 1.30.1 
1040.1 8.8 0.1 0.9 0.10 

0.75 0.75 0.66 
2.3: 0.2 2.0.0.2 2.2: 0.2 
1.8% 0.2 1.8 0.2 2.0 + 0.2 
0.5 0.1 0.2 +: 0.1* 0.1 0.1% 
0.25 0.13 0.06 





Numbers are the means z stand ard deviations and represent the amount of phenopthalein liberated per hour per gram of wet- 


weight tissue. 
* P <0.001. 


sedimentable ratios, and the reduction of the sedi- 
mentable activities of the ligated hearts appeared to 
be related to the distance of the tissue sampling site 
from the left posterior papillary muscle. 
Kinetics of acid phosphatase release: The rates 
at which acid phosphatase was released from ven- 
tricular tissue slices incubated in isotonic sodium 
chloride solution at 4.C for 3 hours are presented in 
Table III. When the values from sham-operated 
hearts are compared with those of corresponding tis- 
sue sites from hearts after 4 hours of occlusion, sig- 
nificant differences in the rates of release of the en- 
zyme were observed. By the third hour of incubation, 
tissue slices from the left anterior papillary muscle of 
‘the occluded hearts released a greater amount of the 
enzyme than did tissue slices from the corresponding 
< sites in sham-operated preparations. Tissue slices 
from left posterior papillary muscles and from adja- 
cent apical areas of the left ventricle released the en- 
zyme at significantly greater rates during each hour 


of incubation than did tissue slices from correspond- 
ing sham sites. 

Serum acid phosphatase: When compared to 
the serum levels of acid phosphatase in the sham- 
operated group, the series. with coronary arterial li- 
gation demonstrated a rise in the serum level of acid 
phosphatase which became significant by the sixth 
hour after ligation (Table IV).® 


Discussion 


Evidence of myocardial lysosome disruption after 
coronary arterial ligation was observed in specific 
ventricular regions of uniform and heterogeneous 
injury after 4 hours of acute total ligation of the left 
circumflex coronary artery of the dog heart. When 
compared to findings from sham-operated hearts, 
this reduction in lysosome stability was supported by 
the following observations. (1) There were significant 
reductions in. the total activity of acid phosphatase 
in whole homogenate subcellular fractions from right 
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TABLE HI 





incubation Time Right Ventricle 
4 hours of sham-operation (no. = 9) 
First hour 0.13 + 0.01 
Second hour 0.15 + 0.01 
Third hour 0.16 +: 0.01 
4 hours of total occlusion (no. = 8) 
First hour 0.11 + 0.01 
Second hour 0.14 + 0.02 
Third hour 0.18 4- 0.02 


Numbers are the mean optical densities + the standard deviations and represent the amountof p-nitrophenol liberated per hour per 


gram of wet-weight tissue. 
*P <0.05. 
$0 <0.02. 
tP <0.001. 


TABLE IV 
Serum Levels of Acid Phosphatase 


a Group . Control 2 Hours 4 Hours 6 Hours 
; v 
Sham-operated 0.09 + 0.04 0.11 + 0.05 0.15 = 0.04 0.19 + 0.06 
(8) (7) (7) (6) 
Total occlusion 0.08 + 0.03 0.13 + 0.04 0.21 +0.05 0.29 - 0,06 
(10) (10) (10) (6) 
P <0.901 P<0.001 


eee en nn 
Numbers are the means + the standard deviations and represent the amount of p-nitrophenol liberated per hour during a 30 minute: 


incubation period of 0.02 ml of serum at 37 C. 


and left ventricular sites. (2) The acid phosphatase 
and beta-glucuronidase activity of the lysosome-con- 
taining fractions was significantly decreased. (3) The 
ventricular ratios of sedimentable to nonsedimenta- 
ble activity were significantly decreased. (4) After 4 
hours of acute in vivo ischemia, left posterior papil- 
_ lary muscle tissue slices released acid phosphatase at 
significantly faster rates during a 3 hour period of in 
vitro incubation than did tissue slices from nonligat- 
ed hearts. 
_ The reduction in the total activity of acid phos- 
_ phatase in whole homogenate fractions of ischemic 
-posterior papillary muscles and adjacent regions of 
-the left ventricle can be attributed to the extracellu- 
-lar release of the enzyme from damaged lysosomes 
and subsequent drainage from the area. 

The loss of enzyme activity may be reflected in the 
observed rise in the serum levels of acid phosphatase 
after occlusion. Whether this increase in serum acid 
‘phosphatase was due to leakage of the enzyme from 

the heart only, or from other organ systems as well, 
was not determined. Earlier studies®-? demonstrated 
+ a significant reduction in cardiac output of dogs with 
-a ligated left circumflex coronary artery. It is there- 
we possible that arterial perfusion of other organs 
have been reduced. Possible slowing of the rate 
of acid phosphatase degradation and elimination 
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Left Anterior Apical Regions, Left Posterior 
Papillary Muscle Left Ventricle Papillary Muscle 
0.13 + 0.02 0.13 + 0.01 0.13 = 0.02 
0.15 + 0.01 0.15 + 0.01 0.15 + 0.01 
0.16 + 0.03 0.16 + 0.01 0.16 + 0.01 
0.15 + 0.02 0.19 + 0,01 0.21 + 0.02t 
0.18 =: 0.01 0.20 + 0.01 0.25 + 0.03% 
0.22 = 0.037 0.25 + 0.02* 0.32 + 0.02t 


from the serum must also be considered. In view of 
the 4 findings described, the possibility that some 
portion of the increased serum activity of acid phos- 
phatase was due to leakage from the heart cannot. be 
discounted. Recently, other lysosome acid hydrolases 
have also been observed to increase in the serum 
after infarction, thus supporting the findings of this 
study.® Similar increases have been reported during 
other pathologic conditions.10-41 

Additional evidence for the occurrence of a de- 
crease in lysosome stability was provided by the 
studies monitoring the kinetics of acid phosphatase 
release from tissue slices. Ischemic left posterior pa- 
pillary muscle and adjacent apical regions of the left 
ventricle released acid phosphatase rapidly during 
the 3 hours of in vitro incubation. Tissue slices from 
the left anterior papillary muscle of occluded hearts 
released their contents of acid phosphatase at rates 
that became significantly greater than in tissues 
from sham-operated preparations only after 2 hours 
of in vitro incubation. To interpret these findings, 
consideration was given to the extent of ischemic 
injury present in these ventricular sampling sites. 
Jennings and West?2 have shown that within 4 hours 
of total occlusion of the left circumflex coronary ar- 
tery, the left posterior papillary muscle and adjacent 
regions of the left ventricle of the dog heart are ap- 
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proximately 10 to 20 percent necrotic. Previous stud- 
ies in this laboratory®8-13 have shown that total oc- 
clusion of the left circumflex coronary artery as de- 
scribed results in injury to both the right and left ven- 
© tricċles within 4 hours. The extent of the injury, 
when based on glycogen loss, potassium depletion, 
fall in pH and the development of edema, was as fol- 
lows: injury in left posterior papillary muscle > inju- 
ry in apical region of the left ventricle > injury in 
left anterior papillary muscle > injury in right ven- 
tricle. Therefore, the left posterior papillary muscle 
locus of uniform ischemic injury was considered the 
more extensively injured region in this study. The 
anterior papillary muscle and right ventricular loci 
_- were considered moderately ischemic. These findings 
< demonstrate a reduction in myocardial lysosome sta- 
bility within the first hours of ischemic myocardial 
cellular injury. At present there are 2 concepts con- 
cerning lysosome function during the cellular injury 
process!#-15; (1) Intracellular acid hydrolysis occurs 
secondary to the development of the injury and, as a 
mechanism of cellular dissolution, rids the organism 
of dying and dead cells. (2) Lysosome instability 
may be a primary phenomenon in some forms of 
pathologic injury and, through the hydrolysis of cel- 
lular constituents, initiates the process of cellular 
injury. 

Extensive lysosome instability was demonstrated 
in ischemic left posterior papillary muscles and adja- 
cent apical regions of the left ventricle which Jen- 
nings and West!2 and Ricciutti and Damato,®7 in 
separate studies using almost identical animal mod- 
els, estimated to be approximately 10 percent ne- 
crotic. Myocardial lysosome instability was also ob- 
served in the right ventricular and left anterior pa- 
pillary muscle sites which have previously been shown 
to be sites of hypoxic injury at the end of 4 hours of 
ligation.®8 These regions were found to have lost 
glycogen but not potassium and were not considered 
necrotic. Glycogen loss and potassium leakage are 
among the earliest indications of ischemic injury to 
heart muscle. 

The significance of lysosome instability in isch- 
emic myocardium estimated to be only 10 percent ne- 
crotic strongly suggests that alterations in lysosome 
stability may be among the earliest subcellular 
structural alterations to occur during the develop- 
ment of ischemic myocardial injury. Further, the 
presence of lysosome involvement in hypoxic myo- 
cardial tissue (which had lost glycogen but not po- 
tassium and therefore was not considered necrotic) 
suggests that lysosome instability can occur before 
cellular death. These facts, when coupled to the well 
known capacity of lysosomal enzymes to hydrolyze 
intracellular organelles, suggest that the release of 


myocardial lysosome enzymes may initiate the cellu- 
lar injury process of ischemic heart muscle cells. De- 
Duve and Watliaux!4 have reported that mitochon- 
drial phosphate esters are ideal substrates for acid 
phosphatase hydrolysis. Jennings and Herdson and 
co-workers!5.16 have reported the presence of exten- 
sive impairment of mitochondrial function in isch- 
emic left posterior papillary muscles within 4 
hours of total occlusion of the left circumflex artery. 

The mechanisms of lysosome instability are of im- 
portance. DeDuve and Beaufay!? demonstrated liver 
lysosome disruption within 4 hours of hepatic vessel 
ligation. When purified live lysosome fractions were 
incubated in the presence or absence of oxygen no 
significant difference in lysosome stability was ob- 
served. It was concluded that oxygen loss itself had 
no significant effect during ischemic injury and that 
other factors, such as the accumulation of metabolic 
acids, might be responsible. A number of studies 
have since shown that purified fractions of lysosomes 
can release their hydrolytic enzymes in a graded 
manner as the pH of the suspension media is de- 
creased.18.19 A previous report from this laboratory!3 
using the same experimental models described here 
demonstrated’ a reduction in the glycogen content 
and in the pH value of the 4 ventricular sampling 
sites within. 4 hours of occlusion of the left circumflex 
artery. Bing?° reported that the amount of glycogen 
depletion in ischemic myocardium is accounted for 
by a rise in intracellular lactic acid levels. Bittar? 
observed that the accumulation of lactic acid in isch- 
emic muscle cells results in a decrease in intracel- 
lular pH. Herdson et al.1® observed that the decrease 
in glycogen in ischemic left posterior papillary mus- 
cle sites of the dog heart paralleled a decrease in 
myocardial pH. These findings strongly suggest that, 
during ischemic injury to the myocardium, the rapid 
accumulation of lactic acid and other metabolic 
acids produces a decrease in intracellular pH, which 
may then initiate the release of lysosomal enzymes 
resulting in intracellular hydrolysis of organelles 
such as mitochondria. 

The findings in this study are further supported by 
a separate series of investigations? which have dem- 
onstrated significant lysosome instability in left pos- 
terior papillary muscles of the dog heart which evi- 
dence significant glycogen depletion and a decrease 
in pH within 1 hour of ligation of the left circumflex 
coronary artery. 
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The stability of myocardial lysosomes in left posterior papillary mus- 
cle sites of predictable injury was investigated after 1, 2 and 4 hours 
of acute partial ligation of the left circumflex coronary artery of the 
dog heart. Lysosome stability in the papillary muscle locus of injury 
was significantly reduced within 1 hour and continued to decrease as 
the duration cf the experimental period increased. The intracellular 
mechanism responsible for the alteration in lysosome stability may 
be related to a reduction in pH of the tissue. pH of sham-operated 
papillary muscle was approximately 6.9, that of the 1 hour and 4 
hour groups was 6.4 and 6.3, respectively. Alteration in lysosome 
stability is considered one of the earliest subcellular structural 
changes occurring during the ischemic cellular injury process in 
heart muscle. The extent of the lysosome involvement and the rela- 
tively small degree of necrosis present in the papillary muscle sites 
by 60 minutes, when coupled with the well known hydrolytic capacity 
of lysosome acid hydrolysis, suggests that the intracellular release of 
lysosomal enzymes precedes cellular death and may initiate the cel- 
lular injury process. 


Recent evidence has indicated that during hypoxic or ischemic con- 
ditions resulting cellular injury may be initiated through the subcel- 
lular release of hydrolytic enzymes contained within the lysosome. 14 
If lysosomes are involved in the initiation of cellular injury, alter- 
ations in lysesome stability may be expected in the early stages or 
prenecrotic periods of the injury process. 410 

A series of studies was designed to determine the onset of lysosome 
involvement in myocardial cells of the dog heart subjected to various 
periods of arterial hypoperfusion. 116 The extent of lysosome in- 
volvement and the degree of cellular injury present were simulta- 
neously approximated in the left posterior papillary muscle, pre- 
viously shown to be a predictable and relatively uniform locus of 
injury after acute ligation of the left circumflex coronary artery.1719 


Methods 


Randomly selected male and female dogs were anesthetized with sodium 
pentobarbital (30 mg/kg body weight), and respiration was maintained at a 
constant rate by a Harvard respirometer.'A left thoracotomy was per- 
formed, and a longitudinal incision exposing the left atrium and ventricle 
was made in the pericardium. A 5 mm segment along the length of the left 
circumflex coronary artery was cleared of adhering fat tissue. A 3-0 silk lig- 
ature was then loosely positioned around the artery. This site of ligation 
was always located distal to the first large ventricular branch of the circum- 
flex artery, and at the midline of the base of the left atrium. 

Sham-operated dogs were surgically prepared as.described and main- 
tained in the operative state for 4 hours. The heart was then excised while 
still beating. In experimental dogs, the lumen of the left circumflex coro- 
nary artery was reduced approximately 60 percent according to the proce- 
dure of Lumb and Cook.2° Separate ligation experiments were allowed to 


: 498 October 1972. The American Journal of CARDIOLOGY Volume 30 








‘TABLE | 


Subcellular Distribution of Acid Phosphatase in Left Fosterior Papillary Muscle Tissues* 
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Nonsedimentable/ 








Experimental Groups Total Activity Sedimentable Activity Nonsedimentable Activity Sedimentable 
Sham-operated dogs (20) 25.09 + 1.97 19.88 + 1.60 5.15 + 0.76 0.259 
Partial ligation 

1 Hour series (10) 24.57 + 2.09 21.36 + 1.85 3.19 + 0.66 0.148 
P <0.001 

2 Hour series (8) 22.35 + 1.61 20.26 + 1.64 2.03 -+ 0.54 0.100 
P <0.01 P <0.001 

4 Hour series (8) 20.02 =- 1.75 18.77 4: 1.41 1.07 + 0.51 0.056 
P <0.001 P <0.001 


* Values are the means + the standard deviations and represent the amount of Snitophgñoi liberated per hour per gram-of wet 


weight tissue. 


Figures in parentheses represent the numbers of experimental animals. P represents the probability and is based on Student’s-t test. 
of the data from the grouped control and sham-operated dogs compared to the individual series of partial ligation experiments. 


continue for 60, 120 and 240 minutes, respectively. At the 
end of each time period the heart was excised while still 
beating. 

'. Since previous studies have shown that ligation of the 
left circumflex coronary artery at the locus described re- 
sults in the production of uniform and predictable isch- 
-emic injury to the left postérior papillary muscle, this 
papillary muscle was selected as an easily identifiable tis- 
sue sampling site in successive experiments. 17-19 

The hydrolytic enzyme acid phosphatase was used as 
the well known marker of lysosome stability. The methods 
for studying subcellular distribution of acid phosphatase 
and the kinetics of acid phosphatase release are described 
in the preceding paper.?4 

Glycogen, potassium and pH: The glycogen and po- 
tassium contents of the left posterior papillary muscles 
were determined by the same operative and experimental 
procedures as described.#! The glycogen content of 100 mg 
samples was isolated by hot alkali digestion and centrifu- 
gation. The glycogen precipitate was hydrolyzed to glu- 
cose and determined colorimetrically as described by 
Seifter and Myrthoyler.21: All analyses were performed in 
duplicate and repeated if the difference between any 2 
values was greater than 5 percent. 

Potassium ion content was determined according to the 
technique of Jennings et al.19 with omission of the fat ex- 
traction procedure. The use of a constant tissue sampling 
site and the extensive procedures for minimizing ionic 
contamination during analysis served to reduce the bio- 
logical variability and experimental error normally associ- 
ated with ionic analyses. 

The pH of sham-operated and experimental left posteri- 
or papillary muscles. was approximated according to the 
method of Bittar.25 Tissue samples, 800 to 1000 mg, were 
rapidly minced in 2 ml of isotonic saline solution for 2 
minutes. The mince was allowed to equilibrate at 4 C for 
15 minutes, and the pH of the suspension was then deter- 
mined with a Beckman Expandomatic pH meter. The pH 
meter was standardized at 4 C with phosphate buffers of 
pH 6 and 7. 


Results 
A comparison of the activity of acid phosphatase 


in left posterior papillary muscle subcellular tissue 


fractions from the sham-operated dogs and from 
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those that underwent coronary arterial ligation is 
presented in Table I. The total activity of acid phos- 
phate in whole homogenate (600 x g) subcellular | 
fractions decreased significantly (P >0.01) within 2. 
hours of coronary arterial ligation and was further 
reduced by the fourth hour. Sedimentable activity of | 
the lysosome-containing subcellular fraction (20,000 
x g) decreased significantly (P <0.001) within 1 
hour of coronary arterial ligation and was further re 
duced as the duration of in vivo ischemia increased 
Sedimentable to nonsedimentable ratios from thé- 
hearts that underwent coronary arterial ligation were 
lower than those of the sham-operated hearts. 

Acid phosphatase was released from the left poste- 
rior papillary muscle tissue slices at a faster rate 
from the ischemic muscles than from the sham-oper- 
ated group (Table II). The release of the enzyme 
from the sham-operated group was greatest during 
the first hour of in vitro incubation. The rate of re- 
lease continued more slowly over the next 2 hours, 
with little difference between the second and third 
hour of incubation. A rapid release was observed 
from the papillary muscles of the series with 1 hour 
of coronary arterial ligation during the first and third 
hours of incubation. By the third hour of incubation; 
the acid phosphatase activity in the media was al- 
most twice the 1 hour incubation level. After the 2 
hour period of in vivo ischemia incubated ischemic 
papillary muscles released their content of acid phos- 
phatase most rapidly during the first hour of incuba- 
tion. Release of the enzyme during the second and: 
third hour of incubation was slower. The 4 hour peri- 
od of in vivo ischemia resulted in a rapid release of 
the enzyme during the first and second hours of in- 
vitro incubation with a slower rate of release during 
the third hour. 

When compared to the pH values from sham-ope 
ated hearts, sodium chloride suspensions of ischem 
left posterior papillary muscles showed significa 
reductions in the pH values of similarly prepare 
suspensions in the group that underwent partial liga- 
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TABLE 1i 


: In Vitro Release of Acid Phosphatase from Left Posterior Papillary Muscle Tissue Slices* 





in Vitro incubation Time 











Experimental Groups 1 Hour At 2 Hours At 3 Hours At 
Sham-operated dogs (15} 0.12 0.01 0.15 0.01 0.15- 0.01 
Partial ligation 
1 Hour series (9) 0.18 =: 0.02 gia 0.20 -+ 0.02 sed 0.24 0.03 ats 
P <0.01 0.058 P <0.001 0.058 P <0.001. 0.088 
2 Hour series (10) 0.22 +0.05 ae 0.25- 0.05 cath 0.294: 0.03. - vs 
P <0.001 0.095 P <0.001 0.108 P <0.001 0.140 
4 Hour series (10) 0.28 +: 0.05 ia 6.32: 0.03 Sa 0,340.32 ote 
P <0.001 0.153 P <0.001 0,173 ž < 0.001 0.186 








* Values are the mean optical densities = + the standard deviations and represent the amount of p-nitrophenol liberated per hour per 


gram of wet weight tissue. 


+ Difference between sham-operated and ischemic tissues in soluble acid phosphatase activity. 
; Figures in parentheses represent the numbers of experimental animals. P represents the probability and is based on Student’s ttest 
of the data'from the grouped controls and sham-operated dogs compared to corresponding times in the individual series of partial 


-igation experiments. 


TABLE III 


i- Hydrogen lon, Glycogen and Total Potassium lon Concentration of Left Posterior Papillary Muscles 








4 Hour Sham-Operated Dogs 1 Hour 








In Vivo Ischemia Time, Partial Ligation Series 


4 Hours 





pr Hours 


Hydrogen ion* 6,96 = 0.03 (6) 6.48 = 0.14 07) 6.36 -+0,16 (7) 6.33 + 0.15 (7) 
P <0.001 P.<0.001 P <0.001 
Glycogent 60.41 = 3.20 (20) 32.93 ac 7.74 (10) 16.98 +: 7.46 (11) 14.63 4: 5.42 (12) 
P <0.001 P <0.001 P <0.001 
Potassium iont 38.38 + 1.80 (7) 34.87 + 1.86 (10) 31.30 + 1.91 (8) 27,95 = 1.89 (12) 
P <0.02 P <0.001 P <0.001 











* Values are the means + the standard deviations. and represent the pH of saline suspensions of minced papi ilary muscles. 

+ The values are means +: the standard deviations and represent the micrograms of glycogen per 100 milligrams of wet-weight tissue. 
+ Values are the millimoles of potassium per gram of dry-weight tissue expressed as the mean =: the standard deviation. 

‘Figures in parentheses represent the numbers of experimental animals. P represents the probability and is based on Student's t test 


of the data. 


tion (Table III). The pH of the 1 hour series was sig- 
nificantly (P >0.001) more acid than that of the 
sham-operated group (6.96). The mean pH of the 2 
hour series was more acidic (6.36) than that of the 1 
hour series (6.48). Little change was observed be- 
_ tween the pH of the 2 hour series and that of the 4 
hour series (6.33). 

. After 1, 2 and 4 hours of acute ligation, glycogen 
content: was significantly lower in ‘left posterior pap- 
< illary muscle than in sham-operated dogs (Table 
_ IID). Glycogen depletion was rapid during the first 2 
hours of in vivo ischemia and was. almost complete 
< by the fourth hour. This extensive hydrolysis of car- 
‘diac glycogen during the first 2 hours of hypoxic 
“Injury is well known. 

When compared to the sham-operated dogs, the 
left posterior papillary muscles from the 3 series with 
partial ligation demonstrated significant loss of ionic 
> potassium (Table II) and the development of edema. 











Ionic potassium. loss: was greatest in the series that 
underwent 4 hours of ligation. The series with 1 hour 
of ligation also showed a significant (P <0.02) potas- 
sium loss. 


Discussion 


Myocardial lysosome instability and developing 
cellular injury were simultaneously approximated in 
sham-operated and experimental left posterior papil- 
lary muscle sites after acute ligation of the left cir- 
cumflex coronary artery of the dog heart. The experi- 
mental model utilized is well known and has been in 
use for at least 12 years.17-2® Its value Hes in the 
predictability and uniformity of the cellular injury to 
the left posterior papillary muscle of the dog heart 
after ligation of the left. circumflex coronary artery. 
The biochemical analyses of subcellular alterations 
in structure and function associated with the cellular 
injury process require the site of injury to be easily 
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identifiable and the extent of injury to be homoge- 
mous in successive experiments so as to minimize 
ution of the experimental findings. These condi- 
tions are known to be satisfied in the model utilized 
= which also permitted simultaneous monitoring, at 
the same site of injury, of the extent of lysosome in- 
-volvement relative to the degree of developing cellu- 
lar injury. 

_ Since the transition from reversible to irreversible 
-injury requires a continuum of subcellular alterations 
in structure and function which is poorly understood, 
no attempt was made to characterize the injury at 
the time of lysosome analysis as reversible. Rather, 
the degree of cellular injury was approximated on 
the basis of potassium ion depletion and glycogen 
loss. Potassium ion loss and glycogen depletion from 
myocardial cells subjected to arterial hypoperfusion 
are among the earliest indications of cellular injury. 
Comparison of potassium ion depletion in control 
and experimental tissue is an acceptable method for 





_. approximating the degree of cellular injury present 
© oip injured tissue.1819 The limitations of this tech- 


-nique are realized, and no attempt was made to 
characterize the state of injury as reversible or irre- 
versible. The measurements of potassium ion deple- 
tion and glycogen loss were therefore of value in de- 
fining the state of the papillary muscles after each 
experimental period. The onset and extent of glyco- 
gen depletion further indicated the high degree of 
anaerobiosis to which the papillary muscles were 
subjected. Using dogs with permanently rather than 
partially occluded circumflex arteries, Jennings et 
al.18.19 have defined the state of the left posterior 
papillary muscle in the dog heart after 1, 2 and 4 
hours of acute ligation of the left circumflex coronary 
artery. Our data approximate their findings. 

The results of this study demonstrate that within 

1, 2 and 4 hours of acute reduction in blood flow 
_ through the left circumflex coronary artery of the 
dog heart, lysosome stability was significantly de- 
creased in left posterior papillary muscle sites of 
injury. When compared to the findings from the 
sham-operated dogs, this reduction in lysosome sta- 
bility was supported by the following observations. 
(1) There were significant reductions in the total ac- 
tivity of acid phosphatase in the whole homogenate 
subcellular fractions. (2) The acid phosphatase con- 
tent .of the lysosome containing sedimentable frac- 
tions was significantly reduced. (3) The ratios of 
nonsedimentable to sedimentable activity progres- 
sively decreased with time. (4) After each in vivo 
period of ischemia, left posterior papillary muscle 
tissue slices released acid phosphatase at significant- 
ly faster rates during the 3 hours of in vitro incuba- 
tion than did similarly prepared preparations from 

_. sham-operated dogs. 
<. The extent of lysosome instability appeared to in- 

crease as the duration of the experimental period in- 

creased. This finding was based on the comparison of 
the extent of reduction in whole homogenate activi- 
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ty, the progressive fall in nonsedimentable ratios, the 
continued decrease in acid phosphatase activity of 
the lysosome-containing fractions, and the greater 
rates of in vitro release of acid phosphatase from the 
4 hour series, when compared to the 1 hour series. 

Correlation of decreased lysosome stability and 
myocardial necrosis: Decreased lysosome stability 
may be related to the degree of developing injury 
within the cells of the papillary muscles. Glycogen 
depletion was almost complete by the second hour, 
thus indicating a high level of anaerobic activity 
during the first 2 hours after ligation. Analysis of the 
potassium ion content of these sites demonstrated 
significant reductions in the 1 hour series which con- 
tinued to decrease with time. 

Jennings et al.19 reported that within 60 minutes 
of temporary ligation of the left circumflex coronary | 
artery of the dog, the left posterior papillary muscle 
was irreversibly injured and had lost significant 
amounts of potassium. Their estimates of the per- 
cent of necrotic cells in these papillary muscles were 
based on a comparison of the potassium content of 
the ischemic site and the content of the nonischemic 
ventricular loci in the same heart. Values of 6.6, 8.6 
and 21.7 percent necrosis were reported for left pos- 
terior papillary muscles subjected to 60, 120 and 240 
minutes, respectively, of permanent ischemia in dif- 
ferent experiments. 

In the present investigation similar estimates were 
made of the percent necrosis present in the papillary 
muscles of the 1, 2 and 4 hour experimental series. 
For the 1, 2 and 4 hour series of acute ligation exper- 
iments, respective estimates of 8.9, 18.28 and 28.2 
percent necrosis were obtained. An inverse relation 
was apparent between. the percent of necrosis and 
the reduction in nonsedimentable /sedimentable acid 
phosphatase ratios. 

Lysosome instability and initiation of the injury 
process: Lysosome instability in injured left poste- 
rior papillary muscle sites during the first 4 hours of 
coronary arterial ligation indicates myocardial lyso- 
somes are involved in the early stages of ischemic 
injury to the heart. Significant lysosome instability 
was demonstrated within 1 hour in left posterior 
papillary muscle sites that were estimated to be only 
8.9 percent necrotic. When coupled with the well 
known ability of lysosome enzymes to hydrolyze 
intracellular constituents, these data suggest that 
the development of lysosome instability occurs be- 
fore cellular death and necrosis and may therefore 
initiate the injury process. 

The indication that the lysosomes may initiate the 
injury process is further supported by the studies?+ 
which demonstrated lysosome instability in right 
ventricular tissue and left anterior papillary muscles 
which had lost glycogen but not potassium at the 
end of a four hour period of acute total ligation of 
the left circumflex coronary artery of the dog heart. 

The mechanism involved in the induction of lyso- 
some instability observed may be related to an in- 
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-erease in the acidity of the cells. The ability of an 

acid pH to induce a graded release of lysosomal en- 
zymes has been reported.?-*.24 In this investigation 
the pH of saline suspension of minced papillary mus- 
cles fell to levels of approximately 6.48 by the end of 
the first hour and to 6.33 by the fourth hour of isch- 
emia, when compared to sham-operated controls 
which evidenced a mean value of 6.96. 

Hypothesis of homeostatic lysosomal mecha- 
nism: The presence of lysosome instability in right 
ventricular sites which had lost glycogen and not po- 
tassium and the demonstration in this study of sig- 
-nificant lysosome involvement in left posterior papil- 
lary muscle sites within one hour of coronary artery 
ligation was of further interest. Lysosomes are known 
to contain glycosidases which hydrolyze glycogen. At 
acid pH ranges, acid hydrolases can be released from 
lysosomes in a graded manner. In the absence of an 
adequate arterial blood supply, the myocardial cell 
rapidly metabolizes its intracellular stores of glyco- 
gen in an attempt to maintain its function integrity. 
A consideration worthy of further investigation 
therefore is the possibility that myocardial lysosomes 


< may initially function to facilitate the hydrolysis of 


intracellular energy stores such as glycogen in re- 
sponse to the needs of the cell, subsequent to inade- 
quate oxygenation and prior to ischemic disruption 
of these biochemical and biophysical mechanisms 
which maintain membrane integrity and regulate ion 
transport. If the injurious conditions persist, contin- 
ued intracellular hydrolysis occurs and cellular inju- 
ry is initiated. Proof for this hypothesized homeostat- 
ic lysosomal mechanism is presently being gathered. 
Recent evidence has indicated the ability of hepatic 
lysosomes to hydrolyze glycogen when normal glyco- 
lytic pathways are inhibited through the action of 
insulin or glucose infusion.25 The activity of glycolyt- 
ic enzymes is suppressed as pH is reduced and at a 
level of approximately 6.3 inhibition ensues. In con- 
trast, lysosomal acid hydrolases are released in a 
graded manner as pH is reduced and are considered 
to have a pH optima in the range of 6.5 to 4.5. 
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| Increased Coronary Venous Inorganic Phosphate 
Concentrations During Experimental Myocardial Ischemia 








The concentration of inorganic phosphate in coronary venous blood 
draining the ischemic myocardium is increased. After coronary arte- — 
rial ligation (46 dogs, thoracotomy), the mean increase in local ve- 
nous inorganic phosphate. concentration was about 75 percent of the 
basal value; peak concentrations were reached 5.to 15 minutes after 
arterial ligation. The increased venous phosphate concentration was: 
considered to be derived from the ischemic tissue because (1) myo- 
cardial biopsy specimens showed an increased content of inorganic. 
phosphate, whereas the tissue high-energy phosphate compound 
contents were decreased; (2) venous blood leaving nonischemic 
tissue did not have an increased concentration of phosphate; and. 
(3) inorganic phosphate was released by ischemic rat hearts per- 
fused in the absence of red blood cells, Coronary sinus inorganic 
phosphate concentrations were increased when more than 15 per- 
cent of the volume of the heart was ischemic. Comparing increases 
in coronary venous inorganic phosphate during ischemia with: in- 
creases of lactate and potassium, venous lactate and phosphate 
both increased 15 to 20 percent above the arterial level but potassi- 
um only increased 5 percent. Venous inorganic phosphate changes __ 
specifically reflect the intracellular breakdown of high-energy phos- 
phate compounds. 





To evaluate fully the extent of ischemic heart disease in a patient. 
may require biochemical tests in addition to the more established 
electrocardiographic and angiographic procedures. Such tests involve 
comparative analysis of coronary sinus blood samples and simulta... 
neously sampled arterial blood, according to the classic approach pi- 
oneered by Bing et al.1 Gorlin et al.2 have shown that abnormalities: _ 
of lactate (or of lactate and pyruvate) metabolism across the heart 
have an established place in the assessment of myocardial ischemia 
in man. Nevertheless, the shortcomings of measurements of both lac- 
tate and lactate/pyruvate ratios in blood have recently been empha- 
sized,?-4 and it has been suggested that a search should be made for 
other metabolic signs of myocardial ischemia.” 

A decreased myocardial tissue content of high-energy phosphate 
compounds is known to occur within seconds of the onset of coronary 
arterial ligation® or severe myocardial hypoxia.** Inorganic phos- 
phate forms within the heart cell? and may be expected to be re- 
leased into the venous blood.1° To investigate the latter possibility 
we used a dog heart preparation in which venous blood was sampled > 
from a catheter inserted directly into the vein draining a localized: 
area of myocardial ischemia.!°-12 The present report evaluates th 
significance, magnitude and source of such inorganie phosphate 
changes in ischemic venous blood. 
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TABLE I 


Relation of Size of Ischemic Lesion to Maximal Changes in Coronary Venous Concentrations of Lactate, Potassium 


and Inorganic Phosphate 





Lactate Concentration During Ischemia 





Potassium Concentration (mN) 


inorganic: Phosphate Concentration (mN) 

















Experi- Size of Leston , (atmole/mi) a ___ During Ischemia Oo : During ischemia i 
ment no, (%) A Local V-A CS-A A Local VA CS-A A Local VA CS-A 
Group | A, Lesions Comprising 3 to 5 Percent of Total Heart Volume 
1 4 0.51 0. 76 0.03 44 0.5 —0.2 2.9 1.5 —0.2. 
2 3 0.59 0.85 —0.20 4.6 0.5 0.6 3.3: 2.1 —0.2 
3 4 0.56 0.30 —0.11 4.3 0.4 -0:7 3.1 0:6 —0.3 
4 3 0.59 0.57 —0.44 4.4 0.5 0,1 3.3 1.4 0.2 
5 5 0.92 0.82 —0.29 4.2 0.8 0.0 3.7 0.8 re 
Mean* 4 0.63 0.66 —0.20 4.4 0.5 —0.3 303° 1.3 —~O:1 
+ 0.4% a: 3.07 =Æ 0.10 + 0.08 +l Æ 0.07 as Q. 16 sz 1 + 0.27 + 0.1 
Group B. Lesions Comprising 6 tot Percent of Total Heart Volume 
6. 8 0.48 0.65 0.20 4.5 0.7 0.0 3.2 1.5 0.0 
Teo R 0.98 1.45 —0.20 4.5 0.9 0.0 3.1 1.6 0.1 
8 8 1.42 —0.15 —0.15 4.0 0.4 0.0 2.6 0.7 0.0 
9 10 1.05 0.80 —0.21 4.3 0.4 0.2 3.3 0.4 0.1 
10 14 0.54 alts 0.10 4.1 i 0.0 3.2 raa —0,1 
11 9 0.91 1.12 —0.51 4.0 1.3 0.0 3.2 1.6 0.1 
12 8 0.96 0.68 —0.56 3.8 1.1 0.0 2.6 1.5 0.0 
13 12 1.46 0.49 —0.40 3.9 0.6 6.0 2.9 0.6 0.1 
Mean* 10 0.97 0.72 —0.22 4.2 0.8 0.0 3.0 11 0.0 
+ 0.3%T + 0.11f ce 0.18 + 0.10 +9,1 + 0.134 Æ 0.20 Æ 0.03 




















22 0.40 0.49 o 15 3.9 0.7 0.3 3.3 1.6 0.2 
al 1,09 0.35 3.9 ‘ 0.2 2.0 0.6 
24 1.00 0.07 4.5 sag 0.4 3.5 have 0.2 
21 pi 3.5 2.2 0.2 2.2 1.4 0.2 
25 oe 4.5 0.6 0.4 3.0 1.7 0.5 
27 0.65 2.02 0.16 3.5 1.0 0.4 2.0 2.0 0.2 
20 1.10 1:50 0.50 4.1 0.2 —0.1 3.2 0.6 0.5 
18 1.21 1.04 —0.45 4.0 1.0 0.2 3.5 2.2 0.7 
25 3.4 1.1 —O.1 2.3 1.0 0.1 
21 4.0 1.1 0.3 2.9 3.0 1.3 
irs 26 oiy fer ia 3.2 0.9 0.2 2.9 2.5 0.5 
oo Mean* 23 0.91 1.26 0.13 3.9 0.9 0.2 2.9 1.8 0.45 
K + 0.9% f cz 0.13 Æ 0.324 +0.34 0i 0.184 Æ 0.06f +0.27 +025 + 0.10f 





* Mean values + SEM. 


+P <0.05 for significance of difference of Group B or C from Group A. 
tin experiments 18 to 24, procainamide was given intravenously at the time of arterial ligation (see text). 
` A = arterial; CS = coronary sinus; V-A = venous-arterial. Minus sign (—) before the concentration value indicates that the arterial 


concentration exceeded the venous concentration. 


‘Methods 
Production of Myocardial Ischemia in Dogs 


Thirty-five greyhound and 11 mongrel dogs were 
anesthetized by (1) intravenous: administration of thio- 
pental (200 mg) and, ‘to: maintain. unconsciousness, inter- 
mittent. intravenous injections of pentobarbital (60 to 120 
oo mg), or (2) Intravenous administration ‘of pentobarbital 
<o alone (25 to. 30: mg/kg body weight): The dogs weighed 
between 20 to 30-kg, and had fasted for 18 to 20 hours, A 
Jarge-bore plastic cannula was inserted into a femoral ar- 
~ tery. The heart .was.exposed through a left thoracotomy 


while respiration was maintained by a Harvard respiration 
pump and an endotracheal tube (tidal volume, 12.5 ml/kg 
body weight, respiratory rate 24 respirations /min). 

The parietal pericardium overlying the anterolateral as- 
pect. of the heart’ was opened: In the majority of dogs 
{Table I, experiments. 1 to 13),.an-anterolateral-or apical 


‘branch of the left: interventricular (anterior) descending 


coronary artery was selected and, with limited dissection, 
a silk ligature was placed loosely around it: In 11. dogs 
{Table I, experiments 14 to 24), the main stem of the an- 
terior descending artery was occluded before the terminal 
subdivision. Because of the frequency of ventricular fibril- 
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lation after ligation at this site,!? procainamide ‘5 mg/kg 
intravenously) was given to 7 of these dogs at the time of 
“arterial ligation. 

Usually there were 2 venae comitantes, 1 of which was 
-catheterized by a PE60 polyethylene tube (Intramedic, 
Clay Adams, New York) using a Seldinger methed.?° The 
catheter lumen was kept patent by frequent gentle flush- 
ing with a very dilute heparin and saline solution (about 1 
unit of heparin /ml). In 24 dogs (Table I) a Goodale-Lubin 
catheter (no. 7 or no. 8, U. S. Catheter and Instrument 
Corp.) was inserted high into the coronary venous sinus by 

way of a jugular vein. The position of the tip of the cathe- 

ter was verified by palpation. 

At least 30 minutes passed between the preliminary 
placing of catheters and taking of control blood samples. 
Serial blood samples were taken from the femoral artery, 
local coronary vein and coronary sinus. The arterial liga- 
ture was then tied, and further blood samples were taken 
at approximately 5 to 10 minute intervals until the end of 
the experimental period. Plasma was immediately sepa- 
rated from the blood samples and frozen until analyzed by 
a Technicon Auto-analyzer technique for inorganic phos- 
phate and potassium (Technicon manuals N26 and N20b). 

~The results were expressed as millinormal (mN). Blood 


a Co was deproteinized in 0.7 M ice-cold perchloric acid for es- 
«timation of lactate by the method of Horn and Bruns.13 


Electrocardiographic. monitoring, using the V lead of 
the electrocardiograph as a myocardial exploring elec- 
trode,1* was undertaken at frequent intervals to delineate 
‘the area of S-T segment elevation after coronary arterial 
occlusion. Important aids to delineation of the epicardial 
ischemic zone were (1) visible and localized cyanosis; and 
(2) the surface distribution of the occluded coronary ar- 
tery. Postmortem angiograms were initially undertaken to 
help delineate the territory served by the ligated artery,1° 
but the area delineated corresponded well to the surface 


distribution of the occluded artery and the area of epicar- 


dial S-T elevation. At the end of the experiment the terri- 
tory of the occluded artery was excised and the volume of 
this “ischemic” zone compared with that of the rest of the 
heart. 

The method for the calculation of intracellular phos- 
phate concentration was based on the formula derived for 
intracellular glucose by Morgan et al.15 The tissue water 
was found by measurements of the dry and wet weight of 
an aliquot of the biopsy specimen, and the extracellular 
space was taken as 175 al /g wet weight from the data of 
Danforth et al.1® Because the dry /wet ratios were similar in 
the ischemic and nonischemic areas no allowance for tissue 
edema formation was made. In the calculation the local 
venous plasma phosphate concentration was taken as the 
extracellular concentration. To convert mN to mM, the 
factors used were: (1) mN X 1.72 = mgP/100ml; (2) 
mgP/100ml + 3.1 = mM. 


Biopsy Techniques 


Biopsy specimens were taken from the ischemic and 
nonischemic areas by 1 of 4 methods: (1) bone biopsy ron- 
geurs!7.18 chilled in liquid nitrogen; (2) a pair of chilled 
Wollenberger tongs (the generous gift of Professor A. Wol- 
lenberger, Berlin-Buch), specially designed to yield an in- 
stantly frozen epicardial biopsy specimen 1 to 2 mm in 
thickness; (3) a dental drill biopsy machine from which 
the samples were ejected into liquid freon!®; or (4) aortic 
‘transsection and rapid arrest of the heart in ice-cold 


> 0.25M sucrose, with immediate excision of thin slices of 


“myocardium which were then plunged into liquid nitro- 
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gen. Specimens obtained with the first 3 methods had the 
advantage of being taken from the normally beating heart, 


but only the drill biopsy yielded a transmural sample _ : 


which was desirable because of known metabolic differ- 


ences between epicardium and endocardium.?° However, | 


only small samples of tissue (about 50 mg) were obtained 
by the drill method. Accordingly, the slice method was 
evolved to yield more adequate amounts of tissue (about 1 
g). The frozen tissue was removed from the liquid nitro- 
gen or freon (drill biopsy) and deproteinized in perchloric 
acid-acetone-ethylenediaminetetraacetic acid (EDTA).2} 
Aliquots for measurement of inorganic phosphate by a 


modification of the method of Berenblum and Chainz? 


were removed before neutralization. Adenosine triphos- 
phate (ATP), adenosine diphosphate (ADP), adenosine 
monophosphate (AMP), phosphocreatine and hexosephos- 
phates were measured immediately after neutralization 
by techniques described elsewhere. 23 


Incubation of Blood 


Arterial blood, withdrawn from 4 anesthetized dogs, was 


heparinized, and 10 ml aliquots were rapidly transferred 
to 25 ml Erlenmeyer flasks which were incubated at 37C 
in a Dubnoff shaker (50 to 100 strokes /min). In 3 experi- 
ments, the flasks were equilibrated with oxygen or. nitro- 
gen; in the fourth experiment oxygen plus carbon dioxide 
(95 plus 5 percent) and nitrogen plus carbon dioxide (95 
plus 5 percent) was used. After various periods of incu- 
bation (1 to 60 minutes), blood was withdrawn for analy- 
sis of plasma inorganic phosphate and potassium, and 
deproteinized whole blood was used for assay of lactate 
and pyruvate. 


Perfused Heart Studies 


Isolated hearts, taken from heparinized rats, anesthe- 
tized by ether, were mounted by the aorta on a cannula 
and perfused in retrograde manner by a modification of 
the technique of Langendorff in a nonrecirculation system 
with a hemoglobin-free Krebs-Henseleit bicarbonate buff- 
er medium at 37C, pH 7.4, and containing glucose, 11.1 
mM.?3 The oxygen pressure (PO2) of perfusate entering 
and leaving the heart was measured by Beckman macro- 
electrodes. 23 

Control hearts were perfused for 15 minutes at a hydro- 
static pressure of 65 em HzO with a calculated incoming. 
PO: of 677 mm Hg and an oxygen content of 2.09 ml1/100 
ml (equilibrating gas, 95 percent oxygen plus 5 percent 
carbon dioxide). The oxygen uptake was about 80ul/g¢ wet | 
weight per min. Thereafter hearts were abruptly changed 
to oxygen-restricted systems. 

“Hypoxic hearts” were also perfused at 65 cm H20, but 
the measured PO% of the incoming perfusate was less than 
140 mm Hg and the calculated oxygen content less than. 
0.43 ml/100 ml (equilibrating gas, 20 percent or less oxy- 
gen, 5 percent carbon dioxide, balance nitrogen). Contrac- 
tions were slow and feeble, but the coronary flow rate was 
increased. 

In “hypoxic and ischemic” hearts further oxygen re- 
striction was achieved by the additional limitation of cor- 
onary flow to about half of the control value by reducing 
the aortic perfusion pressure to 25 cm H20. Venous perfu- 
sate was collected as the effluent which dripped from the 
heart by way of the cut great veins or was ejected from the.” 
cut pulmonary artery. The rate of collection was the coro-- 
nary flow rate. Samples were analyzed for phosphate, po- 
tassium and lactate by the same methods used for bload. 
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FIGURE 1. Patterns of release of 2 5 
inorganic phosphate and potassium -3 a 
from ischemic myocardium after © 5 
coronary arterial ligation, as as- o 7 04 
sessed by differences in concen- Z I€ 
_codrations (expressed as mN, mean 4 2 
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neous samples from local venous £ z 
~ and femoral arterial blood. At 5, 8 E 0 
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ligation there is a significantly (P i N- 
> <0.02) greater increase in phos- 
phate than in potassium. N = 
number of dogs studied for phos- 
phate vaiues. 
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> FIGURE 2. Plasma inorganic phos- 
‘phate values in arterial, local ve- 
nous and coronary sinus blood 
before and after the ligation of an- 
terior descending coronary artery 
with ischemia of about 21 percent 2.0 
of the heart. Note the small in- 

crease in coronary sinus values 
compared with the major increase 1.5 
in local venous values. XS = ex- -10 
trasystoles. 
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Results 


Results obtained on greyhounds and mongrel dogs 
did not differ and are grouped together. 
¿>o Local venous . inorganic phosphate changes: 
_..The coronary venous inorganic phosphate concen- 
~ tration (local vein or coronary sinus) was deemed to 
be increased when venous samples had 2 or more 
values that -exceeded the arterial concentration by 
0.2 mN or more. 

A total of 39 experiments involving ligation of a 
coronary artery and catheterization of a local vein 
were performed (mean volume of lesions 6.9. + 0.7 
percent of whole heart, mean + SEM). In 38 of the 
„experiments, an Increase in local venous inorganic 
phosphate concentration was detected. The mean 
local venoarterial ‘phosphate concentration differ- 
ences of all 39 experiments are shown in Figure 1 and 
are compared with the mean potassium venoarterial 
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concentration differences for the same experiments. 
The mean (+ SEM) arterial. phosphate concentra- 
tion was 2.79. + 0.08 mN. 

Coronary sinus inorganic phosphate changes 
(Table I): In the experiments (1 to 5) in which 
anterolateral branches of the anterior descending ar- 
tery were occluded, involving about.3 to 5 percent of 
the total heart volume, no increase in coronary sinus 
inorganic phosphate concentration was detected. 
Similarly, in lesions up te 14 percent of total heart 
volume, involving other ‘arteries or combinations of 
anterolateral: branches (experiments 6 to. 13), no cor- 
onary sinus changes were found. In 10 of the 11 ex- 
periments (14 to 24) involving 15 percent or more of 
total heart volume, there were positive changes in 
the coronary sinus. In 7 of these experiments (18 to 
24) procainamide ‘was. given- intravenously at the 
time of arterial ligation as prophylaxis against ven- 
tricular arrhythmias; since both local venous and 
coronary sinus inorganic phosphate. changes ap- 
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-peared to be similar to those in which no procain- 

amide was given, all results were combined. Exam- 
ples of the relation between local venous phosphate 
concentration change and simultaneous coronary si- 
-nus changes are shown in Figures 2 and 3. In these ex- 
periments the anterior descending coronary artery 
_ was ligated between the proximal and middle thirds, 
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FIGURE 3. In this experiment, ligation of the anterior descending coronary artery is followed byi a clearly evidenced increase in the. 
inorganic phosphate value in coronary sinus blood, but the increase is shorter in duration and has a lower peak value than that in focal 
venous blood. Procainamide, given to prevent ventricular fibrillation, does not alter patterns of blood inorganic phosphate changes. 
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FIGURE 4. Patterns of venous inorganic phosphate changes after 2 arterial ligations, first a smali anterolateral artery. sunplvie 
3 percent of the heart, and then the anterior descending artery supplying 19 percent of the heart. When: the local venous. sai 

“catheter is moved from the ischemic territory of the ligated anterolateral artery to nonischemic adjacent territory, the phosphate valu 
decreases to normal. The coronary sinus phosphate level only rises after the second ligation with major ischemia of the heart. 
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and the tip of the coronary sinus catheter was locat- 
ed about 3 cm from the junction of the great. vei 
and the coronary sinus junction, and about 6 cm 
from the coronary sinus orifice. 

Occlusion of arteries supplying more. than 15 per- : 
cent of the volume of the whole heart was necessary 
to achieve coronary sinus venous inorganic phos- 
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phate changes. This conclusion is supported by the 
 Yesult of experiments with 2 or more arterial liga- 
tions in the same heart. No changes in the coronary 
venous inorganic phosphate concentration were 
found in 12 ligations involving 3 to 12 percent of the 
heart; the coronary sinus venous inorganic phosphate 
; concentration increased 0.2 mN in 1 ligation involv- 

ing 15 percent ischemia, 0.5 mN in 1 with 16 percent 

ischemia, and 0.5 mN in 1 with 19 percent ischemia. 

A cumulative i increase in the size of the ischemie le- 


sion by multiple small ligations did not result in cor- 


onary sinus inorganic phosphate loss even when more 
than 15 percent of the heart was involved, provided 
that the interval between each ligation was 40 min- 
utes or more. 

Source of inorganic phosphate: To determine 
whether inorganic phosphate changes could be found 
in venous blood leaving nonischemic myocardium, 5 
experiments were conducted. In 2, inorganic phos- 
¿ phate loss from the ischemic myocardium was al- 
lowed to proceed for about 40 minutes, by which 
“time the increase in local venous phosphate concen- 


tration was largely over (Fig. 1); then the adjacent 
-© branches of the anterior descending artery were li- 


-gated without causing any increase in the phosphate 
concentration of blood leaving the zone first made 
ischemic. In 2 other experiments, the local venous 
“catheter was moved from the ischemic zone to an ad- 
_jacent nonischemic zone; there was no inorganic 
phosphate loss from the latter zone until it was also 
rendered ischemic by arterial ligation (Fig. 4). In 1 
other experiment, local venous blood was collected 
from the adjacent nonischemic zone throughout the 
ischemic period, but the phosphate concentration 
did not increase. 

The increased inorganic phosphate concentration 
in coronary sinus blood was also thought to have its 
origin in the ischemic zone. First, the pattern of 
_ change of the coronary sinus venous phosphate con- 

»,..centration. mirrored that in the local venous blood 
-c2 (Fig. 2 to 4). Second, restoration of blood flew to the 
< ischemic myocardium in 1 experiment resulted in a 
“prompt increase of 0.6mN in the coronary venous 
inorganic phosphate concentration. 

However, it was not clear whether ischemic blood 
or ischemic tissue was the source of the inorganic 
phosphate. The experiments with incubation of 
blood in a Dubnoff shaker in oxygen or nitrogen 
_ showed that even anoxic red blood cells did not re- 

. lease significant amounts of inorganic phosphate or 
potassium in less than 20 to 30 minutes. Further- 
more, in isolated. hearts perfused with a blood-free 
solution there was an increased venous phosphate 
concentration (Table II). Thus, the tissue was prob- 
ably the source of inorganic phosphate, and biopsy 
studies were undertaken (see later). 

Comparison with coronary sinus venous lactate 
and potassium changes (Table I, Fig. 5): In ex- 

periments involving various sizes of ischemic lesions, 
the incidence of phosphate discharge into coronary 
venous blood was compared with that of potassium 
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FIGURE 5. Comparison of magnitude of changes in lactate, 


phosphate and potassium: values in coronary sinus blood as re- 


lated to the volume of the ischemic myocardium. Data calculate =- 


ed from Table |. The P values for the significance of the differ- : 
ence between largest (mean 23 percent of total heart volume) 
and smallest (mean 4 percent. of total heart volume) lesions. are 
as follows: lactate P <0.02, phosphate P <0.0025, and potassi- 
um P <0.005. Comparisons between lesions comprising 10 per- 
cent and 4 percent of total heart volume are not significant (P 
>0.05). 


and of lactate. In the smallest lesions (3 to 5 percent 
of total heart volume), no lactate, potassium or 
phosphate changes were detected in the coronary 
sinus blood. In lesions comprising 6 to 14 percent: of. 
heart volume, coronary sinus lactate extraction de- 


creased, but there were no potassium or phosphate : 
changes in coronary venous blood. Larger lesions 


(greater than 15. percent of total heart volume) 
showed the following coronary sinus changes: (1) lac- 
tate discharge (5 of 6 experiments) or decreased lac- 
tate extraction (all 6 studies); (2) potassium dis- 
charge (venous exceeding arterial by 0.1 mN or 
more). (9 of 11 experiments); and (3) phosphate dis- 
charge (10 of 11 experiments). In comparison with. 
the arterial concentration, values for coronary sinus. 
phosphate increased more than those for potassium 
(Fig. 5). 

Comparison of venous changes in isolated per- 
fused rat heart (Table II): In the isolated perfused 
rat heart, the coronary venous phosphate level rose 
during both “hypoxic” and “hypoxie and ischemic” 
conditions; the greater rise occurred in the latter (6:5 
percent. increase over control vou), Venous potassi- x 


um concentration increased only 2 percent in the- 
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TABLE IH 


Effects of Coronary Arterial Ligation on Tissue Values of High-Energy Phosphate Compounds and inorganic Phosphate 


(mean + SEM) 











Loss of 
Tissue 
Time Phos- 
After Inorganic phorus 
Ligation Dogs ATP ADP AMP Phosphocreatine Phosphate (uatoms/ 
(min)  (no.) Condition (umole/g) (umole/g) (umole/g) fumole/g) (umole/g) 2) 
0 11 Control 5,54 -+ 0.17 (19) 0.974 0.03 (4) 0.08 + 0.01 (14) 7.79 & 0:53 (16): 3.96 0.56. (13) 
1 8 Nonischemic 5.06: 0.07 (15) 1.14 + 0.06 (15% 0.062: 0.01 (16) 7.87: 0.32.15) 2.08-0.33 (9) 
Ischemic *4,7L Æ 0.19 (8)  *1.44 + 0.14 (8) 0.13 0.05 (8)  *4.12 0.37 (8)  *3.57 0.59 (5) — 2.64 
4-7 7 Nonischemic 4.894: 0.25 (5) 0.85 0.02 (4) 0.05 0.01 @) 7.54 £ 0.43 (5) 5.12 0.42 @) eas 
Ischemic *4,02 -+ 0.32 (9) 0.87- 0.09(4) 0.11- 0.05 (4)  *3.52 -0.40 (9). £9.09 0.95 (7). 2.56 
10-17 6 Nonischemic 4.97 + 0.33 (4) 0.80 =: 0.10 (4) 0.03: 0,01 (4 7.71 0.59 (6) wing 
Ischemic *3,30 -+ 0.27 (6) 0.75 + 0.03 (4) *0.05 4: 0.01 (6) *3.85 + 0,40 (6) es 
20-30 5 Nonischemic §.39::0.24(7) 0,8420.05(4) 0,05 + 0.01 (4) 8.28 + 0.27 (7) 5.48 +: 0.52 (5) ees 
Ischemic *4.09 + 0.27 (8) 1.02 + 0.13 (4) 0.10 + 0.04 (5)  *5.08 + 0.50 (9) *9.13 + 0.70 (6) 3.04 
60 5 Nonischemic 4.37 -: 0.36 (5) es on 8.26 -+ 0.98°(5) es 
Ischemic *2,96 =: 0.34 (5) eats ee *4,71 + 0,84-(5) wick 
80-140 15 Nonischemic 4.964 0.17 (16) 0.91+0.04(13) 0.07 + 0.01 (13) 8.58 +: 0.4915) -4.94 + 0.32 (8) Bos 
ischemic *2,68 +: 0.26 (16) *0.69 + 0.07 (13) 0.10 :+ 0.02 (13) *5.10 -+ 0.52 (15) *8.80 -+ 0.91 (8) 3.77 





*= P <0.05 for significanceof difference between ischemic and nonischemic values, 
ADP = adenosine-5'-diphosphate; AMP = adenosine-5’-monophosphate; ATP = adenosine-5'-triphosphate. 


Figures in parentheses indicate number of observations. 


“hypoxic and ischemic” conditions, whereas lactate 


¿concentration increased 150 percent during “hypox- 

” and up to 600 percent during “hypoxia and isch- 
emia.” The lactate changes were sustained in con- 
trast to the phosphate changes, which lasted only 1 


-o to5 minutes. 


Tissue metabolic changes (Table III): Expres- 
sion of results in terms of wet weight was justified 
because the dry/wet weight ratio did not change sig- 
nificantly in ischemic and nonischemic tissue 
throughout the experimental period. Biopsy speci- 
mens obtained with the 4 methods from control 
hearts (no dissection of artery and no ligation) were 
similar except that the Wollenberger tongs yielded a 
higher phosphocreatine value. The results of the 
` slice, bone forceps and drill methods were, therefore, 
grouped together. 

After 1 minute of ischemia, the ATP level had fall- 
en to 93 percent of the nonischemic control value, 
ADP had increased to 126. percent of control, phos- 
phocreatine had decreased to 52 percent of control 
and tissue inorganic phosphate had increased to 
about 170 percent of control value. The loss of tissue 
phosphorus, calculated as.(38 xX- ATP. wmoles lost + 
1 X phosphocreatine umoles lost. — 2°x ADP umoles 
gained — 1 xX AMP umoles gained ~ 1 X inorganic 
phosphate wmoles gained) was 2.64 pwatoms/g com- 
pared with a total measured tissue phosphorus value 
of 27.47 patoms/g in the nonischemic tissue, that is, 
a loss of about 10 percent per minute. 

These changes at 1 minute may be compared with 
those found after 80 to 140 minutes of ischemia (av- 
erage 120 minutes) when the level of ATP had fallen 


510 


to 54 percent of the nonischemic contro! value, ADP 
was 76 percent of control, phosphocreatine was 59 
percent of control, and inorganic phosphate had in-. 
creased to 178 percent of control value. The total loss 
of tissue phosphorus was 3.7 watoms/g compared 
with a total of 29.38 watoms/g in the nonischemic 
tissue, that is, a loss of 13 percent: Thus, most of the 
loss of tissue phosphorus occurred in the first minute 
of ischemia, 

Comparison of plasma and tissue phosphate 
concentrations: The lowest values: for inorganic 
phosphate in nonischemic heart tissue were found 
with the slice method 1 minute after arterial ligation 
(2.08 umole/g); this value corresponds well with the 
lowest previously reported values.24 The calculated 
intracellular phosphate concentration was about 3.3 
mM with a concentration gradient of about 2 times 
from within to without the heart cell. However, as all 
biopsy methods by definition disturb the normal my- 
ocardium, it is possible that even an apparently low 
tissue phosphate value may be increased above the 
true level and that the concentration gradient may 
not be present in the heart in situ. This conclusion is 
supported by suggestions that the true phosphate 
level of skeletal muscle may be as low as 1 umole/ 
g- During 4 to 140 minutes of ischemia the caleu- 
lated intracellular phosphate concentration increased 
to about 15 mM, a concentration between 7 and 10 
times greater than that in local venous blood. This 
again may be a falsely elevated concentration gradi- 
ent because the real value of phosphate in the extra- 
cellular fluid actually bathing the ischemic cells is 
unknown. Nevertheless, the data suggest that inor- 
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“ganic phosphate loss from the ischemic myocardium 
. takes-place in the direction of the concentration gra- 
dient. 

Comparison of blood and plasma phosphate 
_. eoncentrations: In 3 experiments, both blood and 
plasma inorganic phosphate concentrations were 





_ measured before and after ligation. Local venous 


phosphate changes were similar in direction, but 
values were about 40 percent lower in whole blood. 


<- This could be explained by postulating that the in- 
creased inorganic phosphate was found in the plasma 


and not in the red cells (average hematocrit 60 per- 


> cent). 


Discussion 


Previous observations on arteriovenous phos- 
phate ion changes across the myocardium: Loss 
of lactate and potassium from the ischemic myocar- 
dium has been known for many years.?6?7 In con- 
trast, loss of phosphate ion has only recently been 
reported in experimental myocardial ischemia?®28 
and in patients with angina pectoris induced by pac- 
<ii jng.?® Earlier reports indicate a small phosphate up- 
“take by the normal dog heart,?® and by the heart of 

“patients with ischemic heart disease during rest.30 
‘Release of phosphate ion by the dog myocardium has 
been found after administration of strophanthidin 
and alcohol.31:32 Our earlier report on inorganic 
phosphate release during ischemia!® has already 
been used as evidence for the beneficial effect of allo- 
purinol on myocardial adenine nucleotide metabo- 
lism during acute experimental ischemia.34 However, 
there thus far appears to have been no systemic 
study of arteriovenous changes of inorganic phos- 
phate during myocardial ischemia. 

Source of increased coronary venous inorganic 
phosphate concentration: For the following rea- 
sons, an increased myocardial tissue content of inor- 
ganic phosphate is probably the cause of an in- 
creased coronary venous blood inorganic phosphate 
concentration: 

1. During anaerobiosis of the isolated perfused rat 
heart the myocardial tissue contents of ATP and 
phosphocreatine decrease whereas those of ADP, 
AMP and inorganic phosphate increase.*-9 The coro- 
nary venous inorganic phosphate concentration in- 
creases in similar circumstances (Table II). In the 
absence of red cells in the perfusate of the latter ex- 
periments, the source of the increased venous inor- 
ganic phosphate is the myocardium. 

2. During regional myocardial ischemia produced 
by coronary arterial ligation, there is a rapid reduc- 
tion in the tissue contents of ATP and phosphocrea- 
tine,®18 and increased tissue contents of ADP, AMP 
and inorganic phosphate (Table III) as in the anaer- 
obic rat heart. Thus, an increased tissue concentra- 
tion of inorganic phosphate, derived from ATP and 
phosphocreatine, is associated with an inereased cor- 
: onary venous inorganic phosphate concentration. 

3. Tissue analysis of other phosphorus-containing 
compounds (lipid-phosphate, nucleic acid phosphate 
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and protein phosphate) has shown that alterations in 
these compounds during 40 minutes of myocardial. 
ischemia and reperfusion account for only 4 of the 

loss in total phosphorus from the heart; the remain- 

ing % of phosphorus lost is in the acid-soluble frac- 

tion which includes ATP and phosphocreatine.34 

Comparing our total measured cell phosphate in 

ATP, ADP, AMP, phosphocreatine (about 30 

patoms/g wet weight) with the total acid-soluble 
phosphorus (1117 + 56 mg/kg wet weight or 33 

yatoms /g%4), it is evident that we measured about 

90 percent of all the acid-soluble phosphorus. Hex- 

osephosphate, which we also measured, accounted for 

less than 1 patom and can be ignored. The balance 

of the acid-soluble phosphorus probably comprised 

triphosphates of the non-adenine nucleosides such as 

guanosine, uridine, inosine and cytidine. 35 

4. A possible alternate source of the venous inor- 
ganic phosphate concentration increase is metabo- 
lism of the red cells, but this is rendered unlikely by 
the failure of plasma phosphate to increase rapidly 
in blood incubated anaerobically. 

Relation between loss of inorganic phosphate, 
potassium and of lactate from ischemic myocar- 
dium: In our experiments as increased coronary ve- 
nous phosphate concentration is interpreted as an 
index of an increased phosphate content of the 
ischemic tissue. In other experimental circumstances, 
increases in contents of inorganic phosphate in the 
heart cell and adenine nucleotide changes have been 
held to play an important role in the acceleration of 
glycolysis.7.23 During hypoxia, lactate formation is 
an important feature of such an enhanced glycolytic 
rate (increased anaerobic glycolysis). Thus, an in- 
creased content of tissue phosphate and lactate may 
be expected to develop in parallel during ischemia 
and, provided that the cell membrane is permeable 
to both ions, both will appear simultaneously in cor- 
onary venous blood. At the same time there will be 
an increase in the cellular cytoplasmic free ratio 
between reduced and oxidized forms of nicotine ade- 
nine dinucleotide (NADH*+/NAD ratio), which will 
tend to convert pyruvate to lactate in the heart cell 
with an increased lactate/pyruvate ratio. Although 
lactate and pyruvate do not necessarily equilibrate 
across the cell membrane,3®:37 nevertheless an in- 
creased coronary venous lactate/pyruvate ratio is a 
good index of anoxia in the isolated perfused rat 
heart.37 It follows that the coronary venous lactate / 
pyruvate ratio may be expected to increase simulta- 
neously with increases in venous concentrations of 
lactate and phosphate. The mechanism of potassium 
ion loss from the ischemic myocardium is still ob- 
scure, but if it be assumed that a deficit of high- 
energy phosphate compounds promotes potassium 
loss from the myocardial cell then it is likely that 
coronary venous blood may be expected to show si- 
multaneous increases of the concentrations of potas- 
sium, lactate and phosphate, and of the ratio of lac- 
tate/pyruvate. However, each of these changes. may 
mirror a different intracellular biochemical event.” 
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Application to human disease: Use of coronary 
sinus lactate or lactate/pyruvate changes alone as a 
biochemical index of myocardial ischemia is current- 
ly open to question.2> Thus, the additional use of 
other biochemical changes such as those in venous 


< inorganic phosphate and potassium levels should be 


explored. Nevertheless, the use of venous inorganic 
phosphate changes in acute myocardial infarction is 
likely to be limited because of our experimental find- 
ings that the duration of such changes may be short 
(2 to 20 minutes) and that the size of the ischemic 
lesion required to produce changes in the coronary 
sinus is fairly large (over 15 percent of the whole 
heart). However, lesions of similar size were neces- 
_ sary to produce discharge of lactate or potassium 

into coronary venous blood (Fig. 5). eae 

In the biochemical assessment. of angina pectoris, 
coronary venous phosphate changes may well take 
their place alongside the changes in venous lactate, 
lactate/pyruvate ratios and potassium.** Prelimi- 
nary reports of the use cf coronary venous phosphate 
changes in pacing-induced angina pectoris are en- 
couraging.2° Our data suggest that venous phosphate 
changes are a more sensitive index of acute myocar- 
dial ischemia than potassium ion changes (Fig. 1 and 
5) but less sensitive than the change from lactate ex- 
traction to lactate discharge (Fig. 5). A further ad- 


vantage of measuring phosphate loss is that it ap- 
pears to reflect specifically the intracellular break- 
down of high-energy phosphate compounds, which is 
thought to be of basic importance in the acceleration 
of glycolysis and the production of lactate. 

Like release of lactate and potassium from the 
heart, phosphate release may not be diagnostic of 
ischemia. Phosphate release may be anticipated in 
any mechanical event associated with an increased 
myocardial inorganic phosphate concent, including 
severe acute heart work? and acute heart failure.89 
For example, if a drug caused decreased release of 
phosphate ion from the heart during an anginal at- 
tack, this would not necessarily indicate a direct ef- 
fect of the drug in. improving myocardial cellular oxi- 
dation; an alternate interpretation would. be that the 
acute left ventricular failure found in angina pecto- 
ris4° had been alleviated. 
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in the normal fetus the level of blood flow across the aortic isthmus 
is lower than after birth. This is reflected by a smaller diameter of 
the isthmus in relation to the ascending and descending aorta. We 
postulated the effects of various congenital heart lesions on. aortic 
isthmus development in the fetus on the basis of assumed changes 
in flow patterns. These alterations have been confirmed by studies of 


cineangiograms in newborn infants. In congenital heart lesions with 


reduced pulmonary arterial outflow, the diameter of the aortic isth- 
mus is wider than normal, presumably because it carries a greater 
than normal flow in the fetus. In lesions interfering with left ventricu- 
lar outflow the aortic isthmus may be underdeveloped. However, in 
aortic atresia the isthmus is normally developed since it carries a 
normal flow but in a retrograde manner. 

We reviewed the clinical data and angiograms of 41 infants less 
than 3 months eld who had aortic obstruction. They could be divided 
into 2 distinct groups. Twenty-three with aortic isthmus narrowing or 
interruption had a large ventricular septal defect and a high inci- 
dence of complex anomalies such as double outlet right. ventricle. 
The remaining 18 infants with localized juxtaductal narrowing had a 
low incidence of associated intracardiac lesions. The appearance of 
the localized juxtaductal coarctation suggested that aortic obstruc- 
tion may not be present during fetal life because the widely patent 
ductus arteriosus obviates aortic obstruction. We postulated that 
constriction of the ductus arteriosus after birth would produce ob- 
struction. This was confirmed experimentally in fetal lambs with sur- 
gically simulated juxtaductal coarctation. 


Anomalies produeing obstruction, or atresia, of the aortic arch or 
proximal portion of the descending aorta are among the commonest 
of congenital cardiovascular lesions.‘ It has been common practice 
to classify. these lesions as coarctation of the aorta of the infantile or 
adult type. Infantile coarctation has been thought to produce cardiac 
failure early in infancy, and to be characterized by diffuse narrowing, 
so-called tubular hypoplasia, of the aorta in the preductal region, 
and by a widely patent ductus arteriosus. The adult type has been 
defined as a localized narrow segment of the descending aorta, either 
at the site of attachment of the ductus arteriosus or ligamentum ar- 
teriosum or just distal to this site. It was first thought that this lesion 
produced symptoms only in later life.+ 

It has become increasingly apparent that it is no longer tenable to 
classify aortic obstractive lesions on the basis of when symptoms are 
most likely to become manifest. For example, the infant with the 
“adult” type of aortic coarctation frequently presents with evidence 
of acute cardiac failure within the first few weeks after birth. Thus, 
the time at which symptoms first develop is related to factors other 
than location of the aortic obstruction. A second concept that has 
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been widely accepted is that aortic arch obstructive 
lesions are due to malformation of the aortic arches 
_ during early embryologic development. If this were 
so, the infant would be born with a relatively fixed 
obstructive lesion in the aorta, and cardiac failure 
- would have to be explained on the basis of problems 
in postnatal circulatory adjustments. For example, it 

“has been suggested that the main factor contributing 

to the development of cardiac failure in the young 
infant with coarctation is a large patent ductus ar- 
teriosus with left to right shunt.2 However, recently 
we have noted that some infants who had no clinical 


-evidence of aortic obstruction at or soon after birth 


later experienced cardiac failure and had clinical as 
-well as angiographic evidence of aortic narrowing, 
There has been considerable conjecture as to how 
aortic coarctation can “develop” after birth. Craigie+ 
and later Skoda® proposed that aortic coarctation 
could be produced postnatally by extension of con- 
tractile ductus tissue into the aortic wall; the same 
factors that produce closure of the ductus arteriosus 
postnatally may cause aortic narrowing if the en- 
~ croachment of the ductal tissue is extensive enough. 

In an attempt to redefine the influence of the site 
of aortic constriction on the development of symp- 
toms we present considerations of the possible con- 
tribution of abnormal hemodynamic aspects of the 
fetal circulation to the development of aortic narrow- 
ing. We have examined clinical, hemodynamic and 
angiocardiographic features in 42 infants under the 
age of 3 months who had aortic obstruction docu- 
mented by aortographic studies. Finally, a new con- 
cept of the role of the ductus arteriosus in influenc- 
ing the symptoms of infants with aortic narrowing is 
proposed. Experimental evidence in support of this 
hypothesis is presented. 


Flow Patterns in the Normal Fetus and Aortic 
Isthmus Development 


Lamb fetus: Most observations of the patterns of 
flow in the ascending aorta, its major branches to 
the head and neck, across the aortic isthmus, and in 
the descending aorta of fetuses have been made in 
the lamb. In 2 of 3 reported studies, the measure- 
ments were made under acute conditions with the 
lamb exteriorized, but with placental circulation 
being maintained.®? In the most recent study, using 
radioactive nuclide-labeled microspheres, we exam- 
ined the flow patterns in lambs in utero.8.9 In the 
lamb, the arteries to the head and forelimbs arise 
from the aorta as a single vessel, the brachiccephalic 
trunk, a short distance above the aortic valve. The 
aortic isthmus, which we define as that portion of 
the aorta between the origin of the last great vessel 
to the upper body and the connection with the 
ductus arteriosus, is therefore a relatively long struc- 
ture in the fetal lamb. 

Dawes et al.ë obtained blood samples for measure- 
ment of oxygen content in numerous cardiac cham- 
bers and great vessels in exteriorized fetal lambs 
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FIGURE 1. Normal fetal lamb. Diagram showing the percent- 
ages of cardiac output (combined ventricular output) traversing 
the major vessels. 


and, from the changes noted at different sites, esti- 
mated the proportions of flow in the central circula- 
tion. Assali et al.” placed electromagnetic flow trans- 
ducers on the ascending aorta, main pulmonary ar- 
tery, ductus arteriosus and descending aorta in vari- 
ous combinations and thus calculated the distribu- 
tion of blood ejected by left and right ventricles. On 
the basis of these studies, these workers estimated 
that the left and right ventricles ejected similar vol- 
umes, that about 80 percent of the right ventricular 
stroke volume passed through the ductus arteriosus 
and that the descending aorta carried about 70 per- 
cent of the combined output of both ventricles. 

These studies may be criticized as not truly re- 
flecting the distribution patterns in normal fetuses, 
since we have shown that exteriorization of the fetus, 
in both sheep?° and human, increases vascular re- 
sistance and thus may result in a reorientation of the 
entire fetal circulation. In studies in lamb fetuses in 
utero, injections of nuclide-labeled plastic micro- 
spheres into both inferior and superior vena caval 
streams and into the left and right ventricles through 
chronically implanted catheters permitted assess- 
ment of the distribution patterns of the fetal circula- 
tion under more natural conditions (Rudolph AM, 
Heymann MA, unpublished observations). Figure 1 
diagrammatically presents the flow values in the 
large arteries of the lamb in late gestation, as deter- 
mined in these studies. Although the values obtained 
for ventricular output were greater than those of 
Dawes et al. and Assali et al.,? the distribution pat- 
terns were similar. The aorta and main pulmonary 
trunk each receive about 50 percent of the combined 
output of the 2 ventricles. About 4 percent of the 
combined output is distributed to the coronary cir- 
culation, and an average of 21 percent through the 
brachiocephalic artery, to the head and neck, cere- | 
bral circulation and the forelimbs. Therefore, only 
about 25 percent of the cardiac output traverses the 
aortic isthmus to the descending aorta. About 8 per 
cent of the combined ventricular output passes to 
the lungs; the ductus arteriosus thus carries 42 pers 
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FIGURE 2. Relative diameters of main pulmonary artery 
(MPA), ascending aorta (AAo), aortic isthmus (I) in normal 
fetal lambs, normal human newborns and human newborns with 
various congenital heart malformations. These are expressed as 
the ratios of each vessel diameter related to the diameter of the 
descending aorta (DAo). N refers to the number of observations 
in each group. P values refer to the significance by t test of the 
difference between the observed ratio and the ratio in the nor- 
mal human newborn. For details see text. 


cent of the cardiac output to the descending aorta. 
Of the cardiac output passing into the descending 
aorta, the major portion, 40 percent of combined 
ventricular output, is distributed to the umbilical- 
placental circulation. 

No similar information is available on the primate 
or human fetus, but acute studies in primate fetuses}? 
and exteriorized human fetuses! indicate that the 
hemodynamics of the fetal circulation are essentially 
similar to those of lambs. One major difference is 





FIGURE 3. Silicone rubber cast demonstrating the major ves- 
sels of a late gestation normal fetal lamb. The narrowing of the 
aortic isthmus relative to ascending and descending aorta can 
be seen. AAo = ascending aorta; Bc = brachiocephalic artery; 
DA = ductus arteriosus; DAo = descending aorta; Is = aortic 
isthmus; MPA = main pulmonary artery. 





FIGURE 4. Aortogram from a 2 day old infant without heart 
disease. The narrowed aortic isthmus relative to the ascending 


and descending aorta can be seen. A = ductal ampulla; AAo = 
ascending aorta; DAo = descending aorta; Is = aortic isthmus. 


that a larger proportion of aortic flow is distributed 
to the cerebral circulation, since the brain is rela- 
tively larger in the primate, and it is thus possible 
that the aortic isthmus carries a smaller proportion 
of the cardiac output than in the lamb. 

The proportions of cardiac output carried by the 
fetal channels are reflected by their relative sizes as 
measured both in the prenatal and in the immediate 
neonatal periods. In fetal lambs the diameters of the 
ascending aorta, the descending aorta just beyond 
the ductus arteriosus, and the ductus arteriosus are 
similar. The main pulmonary arterial trunk is about 
25 percent greater and the aortic isthmus about 20 
percent smaller than the descending aorta (Fig. 2). A 
postmortem injection with silicone rubber of the 
major vessels of a lamb in late gestation (145 days) is 
shown in Figure 3 to demonstrate these measure- 
ments. 

Human fetus: Similar observations have been 
made in postmortem specimens of human fetuses 
and neonates without cardiovascular malformations 
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FIGURE 5. Diagram showing the postulated percentages of 
cardiac output (combined ventricular output) traversing the 
major vessels in a fetus with pulmonary atresia. 
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by McNamara? and cineangiographically by Sinha 
et al.14 They found that normally the diameter of 
the aortic isthmus was about 25 percent less than 
that of the ascending aorta, and that the descending 
aorta had a diameter similar to that of the ascending 
aorta. We have confirmed these observations in 16 
living premature and full-term infants who under- 
went cardiac catheterization and cineangiographic 
studies (Fig. 2). No congenital anomalies were pres- 
ent, but the procedure was performed either because 
of delayed closure of the ductus arteriosus in the pre- 
mature infants, or to exclude congenital heart dis- 
ease in mature infants with severe cardiorespiratory 
distress. An aortogram, demonstrating the relatively 
small diameter of the isthmus region, is shown in 
Figure 4. 


Effects of Congenital Cardiovascular Anomalies 
on Aortic Arch Development 


In many congenital cardiac anomalies there is an 
alteration in the pattern of flow in the great vessels 
leaving the heart. Since fetal survival and gestation- 
al development do not appear to be changed by the 
presence of most cardiac malformations, it is reason- 
able to assume that placental flow is well main- 
tained. Also, since body growth seems to follow the 
pattern seen in normal fetuses, it can probably be 
further assumed that the proportions of blood flow to 
the various organs and tissues are close to normal. 
With these assumptions, it is possible to estimate 
the hemodynamic effects of various lesions in the 
fetus. We have made these predictions and compared 
them with findings of the development of the aortic 
arch, both from previously reported information and 
from our own material. 


Lesions Associated with Increased 
Aortic Isthmus Flow 


Pulmonary atresia or severe pulmonary steno- 
sis: These anomalies are associated with a marked 
decrease, or complete cessation, of flow through the 
main pulmonary trunk. In pulmonary atresia the 
total cardiac output is ejected into the ascending 
aorta (Fig. 5) whether or not there is a ventricular 
septal defect. In the absence of a ventricular septal 
defect, total venous return enters the left atrium 
through the foramen ovale, and is ejected by the left 
ventricle. With a ventricular septal defect (tetralogy 
of Fallot), the total output is ejected into the as- 
cending aorta by the 2 ventricles. Four percent en- 
ters the coronary circulation, and 21 percent passes 
into the brachiocephalic vessels, the remainder tra- 
versing the isthmus. The isthmus therefore carries 75 
percent of combined ventricular output in the pres- 
ence of pulmonary atresia, as compared with 25 per- 
cent in the normal heart. The pulmonary circulation 
is maintained by blood flowing from the aorta to the 
pulmonary artery through the ductus arteriosus, 
which now carries only 8 percent of the combined 
ventricular output instead of the usual 42 percent. 
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FIGURE 6. Aortogram from a 1 day old infant with pulmonary 
atresia and an intact interventricular septum. The diameter of 
the aortic isthmus is greater than that of the descending aorta. 
The arrow indicates the acute inferior angle between the ductus 
arteriosus and the descending aorta. 


The descending aorta receives the normal amount of 
67 percent of cardiac output. We have examined the 
anatomy of the aorta by cineangiography in 13 in- 
fants with pulmonary atresia with intact ventricular 
septum, and in 6 infants with pulmonary atresia or 
severe infundibular and valvular pulmonary stenosis 
with ventricular septal defect. In all instances the 
isthmus was wider than the descending aorta, and 
the ascending aorta was considerably wider than 
normal (Fig. 2). These features are well demon- 
strated in Figure 6, an aortogram obtained from a 1 
day old infant with pulmonary atresia and intact 
interventricular septum. 

Although it is not possible to evaluate accurately 
the size of the ductus arteriosus, since constriction 
occurs rapidly after birth, in all these infants the 
ductus was quite narrow. The angle of connection of 
the ductus arteriosus with the aorta was quite differ- 
ent from that observed in the normal infant, and in 
infants with cardiac lesions in which normal or in- 
creased ductal flow from pulmonary artery to aorta 
was retained. In the infant with pulmonary atresia, 
the inferior angle between the ductus arteriosus and 
the descending aorta was acute (Fig. 6), whereas 
with normal direction of fetal flow this angle is ob- 
tuse (Fig. 3 and 4). 

We have not encountered, either in our own mate- 
rial or in the literature, any reports of aortic isth- 
mus narrowing or interruption, or of localized juxta- 
ductal coarctation of the aorta in cases of pulmonary 
atresia or severe pulmonary stenosis. 

Tricuspid atresia with normal origin of the 
aorta and pulmonary artery: We have examined 
cineangiograms of 5 infants with this lesion, and 
made observations regarding the aortic arch similar 
to those in pulmonary atresia. The fetal patterns of 
blood flow are almost identical with those described 
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FIGURE 7. Diagram showing the postulated relative length of 
the ductus arteriosus in the presence of either a left or right 
aortic arch. Ao = ascending aorta; L. = left; LPA = left pul- 
monary artery; PA = main pulmonary artery; R. = right; RPA = 
right pulmonary artery. 


for pulmonary atresia with intact ventricular sep- 
tum. In most instances of tricuspid atresia with a 
ventricular septal defect, the ventricular defect is 
small, and there is associated right ventricular out- 
flow obstruction, so that flow would preferentially 
pass into the aorta from the left ventricle, and isth- 
mus flow would be greatly increased in the fetus. 
Narrowing of the aortic isthmus or aortic coarctation 
has not been encountered in tricuspid atresia in our 
review of the literature or our own material. This 
contrasts strongly with the findings in tricuspid 
atresia with transposition as described later. 

Right aortic arch: When the aortic arch is on 
the right and the pulmonary artery in its normal po- 
sition, the ductus arteriosus must be much longer 
than normal. The comparative lengths of the ductus 
arteriosus when the aortic arch is either on the left or 
right are diagrammatically represented in Figure 7. 
In the presence of a right aortic arch, apart from 
being longer than normal, the ductus also connects 
with the pulmonary artery in such a way that it is 
now not directly apposed to the ejection stream from 
the right ventricle, as it is with a left aortic arch. 
Therefore, ductal flow may be expected to be some- 
what reduced in the fetus. Preferential flow may 
occur across the aortic isthmus, producing a greater 
diameter than normal in the fetus and newborn in- 
fant. The size of the aortic isthmus in isolated right 
aortic arch, unassociated with other cardiac anoma- 
lies, has not been commented on in the infant. 

Narrowing of the aortic isthmus or aortic coarcta- 
tion is, however, extremely rare in the presence of 
right aortic arch. Jones?5 found a right arch in only 1 
of 899 cases of coarctation in his surgical series. 
Schuster and Gross!® in 505 cases and Bailey? in 
1,187 cases did not report the presence of right aortic 
arch. 

Many of the intracardiac congenital anomalies 
with which coarctation or obstruction of the isthmus 
is associated when the arch is on the left rarely show 


this association when the arch is on the right. This 
finding is noted in lesions such as double outlet right 
ventricle and truncus arteriosus communis. 

These findings are further support for the hypoth- 
esis that the patterns of flow in the aorta, pulmonary 
artery and ductus arteriosus are different in the fetus 
with a right aortic arch. 


Lesions Associated with Normal or Decreased 
Isthmus Flow 


Aortic atresia: In aortic atresia with hypoplastic 
left ventricle, no blood is ejected into the ascending 
aorta. The total cardiac output enters the main pul- 
monary trunk, and 92 percent instead of the usual 42 
percent of cardiac output traverses the ductus arterio- 
sus. The brachiocephalic and coronary circulations 
receive their blood supply by retrograde flow across 
the isthmus. These circulations together receive 
about 25 percent of the cardiac output. Since this 
proportion is similar to the usual proportion of the 
cardiac output that traverses the isthmus, the isth- 
mus should have the same diameter as that of the 
normal fetus and infant (Fig. 8A). We have reviewed 
the angiograms of 7 infants with hypoplastic left 
ventricle and aortic atresia and found that, even 
though the ascending aorta may be extremely nar- 
rowed, the aortic isthmus has the same diameter in 
relation to the descending aorta as is present nor- 
mally (Fig. 2). Figure 8B shows an aortogram which 
demonstrates the relative sizes of the aortic segments 
in a 1 day old infant with aortic atresia. 

Endocardial cushion defects: In occasional in- 
fants with endocardial cushion lesions there is evi- 
dence of some degree of obstruction of left ventricu- 
lar output due to encroachment on the outflow re- 
gion of the ventricle below the aortic valve.1® This 
obstruction could interfere with the total left ven- 
tricular output into the ascending aorta. If coronary 
and brachiocephalic flows are maintained at normal 
levels, flow across the aortic isthmus would be re- 
duced. We have encountered this association in sev- 
eral infants studied at cardiac catheterization. The 
left ventricular angiogram shows considerable nar- 
rowing just below the region of the aortic valve (Fig. 
9A); in 1 infant a pressure difference of 20 mm Hg 
between the body of the ventricle and ascending 
aorta was noted. In addition, there may be consider- 
able narrowing of the aortic isthmus so that its di- 
ameter is reduced to 50 instead of 75 percent of that 
of the descending aorta. 

Another mechanism that could be responsible for 
inadequate development of the aortic isthmus in a 
fetus with an endocardial cushion defect relates to 
the possible effects of an obligatory shunt from the 
left ventricle to the right atrium (Fig. 9B). In infants 
with an endocardial cushion defect, blood may shunt 
frem the high pressure left ventricle through the cleft 
mitral valve across an ostium primum atrial defect 
into the right atrium. 

This shunt is not determined by the relation be- 
tween the pulmonary and systemic vascular resis- 
tances.19 Thus, such a shunt could also be present in 
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FIGURE 8. Aortic atresia ina sa O 
fetus (A) and a 1 day old infant 

(B). A, the diagram shows the CORONARY 
postulated percentages of car- ARTERIES 4 


diac output (combined ventricu- 

lar output) traversing the major MAIN 
vessels. B, the aortogram pipers ad 
shows an extremely narrow as- 

cending aorta but an aortic 

isthmus that is normal in diam- 

eter. 


FIGURE 9. Endocardial cush- 
ion defect in a 1 week old in- 
fant (A) and a fetus (B). A, 
arrow in the left ventricular an- 
giogram indicates area of left 
ventricular outflow obstruction. 
Note the decreased diameter of 
the aortic arch region and the 
associated aortic coarctation. 
B, diagram shows the postulat- 
ed percentages of cardiac out- 
put (combined ventricular out- 
put) traversing the major ves- 
sels in a fetus with an endocar- 
dial cushion defect with obliga- 
tory left ventricular to right at- 
rial shunting. 


fetal life and also alter the relative effective stroke 
volumes of the 2 ventricles. The flow into the main 
pulmonary artery would be greater than that into 
the ascending aorta and, again, if coronary and bra- 
chiocephalic flows are maintained, aortic isthmus 
flow would be reduced (Fig. 9B). 

Tricuspid atresia, aortopulmonary transposi- 
tion and ventricular septal defect: Whereas nar- 
rowing of the aortic isthmus or aortic coarctation has 
not been encountered in infants with tricuspid atres- 
ia with normal origin of the great arteries, the aortic 
isthmus is narrower than the descending aorta when 
tricuspid atresia is associated with aortopulmonary 
transposition and a ventricular septal defect. In 
some instances of the latter complex, true hypo- 
plasia of the aortic isthmus has been observed.?-2° In 
the presence of tricuspid atresia the total cardiac 
output is ejected by the left ventricle. Flow into the 
transposed aorta may be restricted by the ventricu- 
lar septal defect and the size of the infundibular re- 
gion of the right ventricle. Preferentially blood would 
then be ejected directly into the transposed pulmo- 
nary artery and a greater than normal contribution 
to descending aortic flow may be derived through the 
ductus arteriosus, with a corresponding reduction in 
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aortic isthmus flow and, consequently, reduction in 
the diameter of the isthmus relative to the rest of the 
aorta (Fig. 2). 

Other lesions in which some degree of interference 
with flow into the ascending aorta from the ventri- 
cles is surmised, but less well documented, are dis- 
cussed in the next section dealing with aortic isth- 
mus interruption or hypoplasia. 


Aortic Isthmus Interruption or Hypoplasia, and 
Juxtaductal Coarctation of the Aorta 

Case material: We have reviewed findings in 41 
infants under 3 months of age who were studied by 
cardiac catheterization and whose cineangiograms of 
the aorta demonstrated abnormal degrees of narrow- 
ing of the aortic isthmus or localized coarctation of 
the aorta. The age limit of 3 months was arbitrarily 
set, since we considered that up to this age the aortic 
configuration still reflected that most likely to have 
been present in the prenatal and immediate postna- 
tal periods. Subsequent molding, as has been shown 
to occur in the normal infant, may alter the size 
relations of the various aortic segments. These in- 
fants could be clearly separated into 2 distinct 
groups with striking differences in the nature and 
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TABLE | 


Interruption or Tubular Hypoplasia of the Aorta: 
Associated Anomalies (23 Cases) 


OSSOS SOOO 


Lesion no. 


Ventricular septal defect 2 
Alone 
Double outlet right ventricle 
Taussig-Bing anomaly 
A-V communis 
Transposition of great arteries 
Corrected transposition 
Atrial septal defect 
Total anomalous pulmonary 
venous return to superior 
vena cava with hypoplastic 
left ventricle 1 


amman 


mit Ge TOM NE AD 


location of the aortic obstruction and in the associ- 
ated lesions present. 


Aortic Arch Interruption, and Aortic Isthmus 
Narrowing 


Aortic arch interruption: In 23 of the 41 infants, 
there was either complete interruption of the aortic 
arch (7 infants) or marked narrowing of the isthmus 
(16). The aortic interruption was located beyond the 


origin of the left subclavian artery, that is, in the — 


isthmus (4), and between the origin of the left carot- 
id and the left subclavian arteries (3). A patent 
ductus arteriosus of various sizes was present in all 
instances, connecting with the descending aorta be- 
yond the interruption. All 7 infants with aortic inter- 
ruption had associated intracardiac anomalies; 3 had 
a double outlet right ventricle with large ventricular 
septal defect, 2 aortopulmonary transposition with a 
large ventricular septal defect, 1 corrected transposi- 
tion with a large ventricular septal defect, and 1 a 
very large ventricular septal defect and atrial septal 
defect with normal origin of the great arteries (Table 
I). No particular association was noted between the 
site of the interruption and the additional lesions 
present. 

In all instances flow in the ductus arteriosus was 
from the pulmonary artery to the aorta. Study of the 
angiograms showed definite evidence of a narrowed 
outlet from the right ventricle into the aorta in 2 of 
the 3 infants with double outlet right ventricle, and 


TABLE II 
Coarctation of the Aorta: Associated Anomalies (18 Cases) 





Lesion no. 
laa a a a 
Ductus arteriosus closed 8 
Ventricular septal defect (small) 1 
Ductus arteriosus open 10 
Ventricular septal defect (1 large, 2 small) 3 


mimea er 


in both infants with transposition with ventricular 
septal defect there was narrowing of the right ven- 
tricular infundibulum leading to the aorta. In the in- 
fant with corrected transposition, a left ventricular 
angiogram. was not obtained, and in the infant with 
the large atrial and ventricular septal defects the left 
ventricular outflow region could not be well seen. 

Aortic isthmus narrowing: We reviewed find- 
ings in 16 infants who had narrowing of the aortic 
isthmus without any evidence of additional localized 
narrowing of the aorta in the region of connection 
with the ductus arteriosus. In 2 of these infants, 
there was marked narrowing of the isthmus alone, 
but in the other 14, the segment of aorta beyond the 
origin of the left common carotid artery. was also 
considerably narrower than normal. The ascending 
aorta and arch up to the origin of the left common 
carotid artery, and the descending aorta below the 
ductus arteriosus, were all of normal dimensions. In 
11 infants the ductus arteriosus was patent, and in 
10 of these the pressure relation between the right 
ventricle and pulmonary artery, and the descending 
aorta were such that right to left shunts of various 
magnitudes occurred. 

In all 16 infants, other cardiovascular anomalies 
were present (Table I). Three had double outlet right 
ventricle with large ventricular septal defects and 2 
had a Taussig-Bing anomaly; 2 had an endocardial 
cushion defect, and 1 had aortopulmonary transposi- 
tion with a large ventricular septal defect; 1 had 
total anomalous pulmonary venous connection to the 
superior vena cava. The other 7 infants had a large 
ventricular septal defect. The right ventricular pres- 
sure was at least equal to left ventricular pressure in 
all but 2 infants, 1 with an endocardial cushion de- 
fect, and 1 with a ventricular septal defect; in these 
the right ventricular systolic pressures were 60 and 
80 percent, respectively, of left ventricular pressure. 


Hemodynamic basis for association with intra- 
cardiac defects: Except for 1 case with total anom- 
alous pulmonary venous return, all cases of aortic 
arch interruption or aortic isthmus narrowing were 
associated with major intracardiac defects. A large 
ventricular communication was constantly present, 
and frequently there was also a double outlet right 
ventricle or aortopulmonary transposition (11 of the 
total of 23 cases). We have attempted to explain this 
common association on the basis of alterations in 
fetal circulatory hemodynamics. As mentioned, in 
some instances there was evidence indicating a de- 
gree of obstruction to outflow into the aorta, either 
from the left ventricle, in the presence of endocardial 
cushion defects, or from the right ventricle when 
double outlet right ventricle or aortopulmonary trans- 
position was present. 

When a double outlet right ventricle or transposi- 
tion with a large unobstructing ventricular septal de- 
fect is present, any interference with ejection into 
the aorta will result in preferential flow into the pul- 
monary artery and through the large ductus arterio- 
sus to the umbilical-placental circulation, which 
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a the aorta. 


FIGURE 10. Angiogram from a 2 day old 
~jnfant, with diagram demonstrating the typi- 
cal anatomy of a juxtaductal coarctation of 


has a very low impedance. The flow into the ascend- 
ing aorta would be limited and flow across the isth- 

mus reduced, with resultant hypoplasia or complete 
atresia during gestational development. 

Evidence of obstruction to flow into the aorta has 


- not been documented in all instances. However, it is 


~~ quite feasible that there is some functional obstruc- 
© tion in the presence of large ventricular septal de- 
‘fects. Van Praagh et al.?1 found that, in some pa- 
¿“tients with interruption of the aortic arch, subaortic 
narrowing is produced above a large ventricular sep- 
tal defect by the leftward displacement of the conal 
septum. Roberts et al.?? reported that patients with 
“aortic arch interruption had a ventricular septal de- 
fect that was usually located anteriorly. It is possible 
that a defect in this location may result in preferen- 
tial ejection of blood into the pulmonary artery by 
the left ventricle, and then through the ductus to the 
descending aorta. This would limit the ascending 
aortic flow and greatly reduce the flow across the 
aortic isthmus to the descending aorta. We were not 
able to evaluate the position of the ventricular septal 
defect in the 7 instances in which it was the only de- 
tectable associated lesion. 


Localized Aortic Narrowing 


“In the 18 infants with distinct narrowing of the 
aorta, the narrowing was always located in the de- 
scending portion, opposite the site of attachment of 
the ductus arteriosus (Fig. 10). In only 2 instances 
was there also some slight narrowing of the isthmus 
“portion. Not only was isthmus narrowing unusual, 
but in the majority (14 of the 18 cases) the isthmus 
region was almost as wide as the ascending aorta. In 
16 infants, the aortic narrowing was eccentric. In the 
lateral view of the aortogram, there was a sharp pos- 
terior indentation. In 8 infants the ductus arteriosus 
could be seen; it was always very narrow in diameter 
and precisely opposite the coarcted segment. In 1 
case a narrow ductus diverticulum was evident oppo- 
site the aortic coarctation. 
There was some variation in the origin of the sub- 
clavian artery in relation to the coarctation. In 16 
“cases it. arose from the arch some distance above the 
coarctation; in 1 it arose just above the coarctation 
and in 1 it arose at the site of narrowing and was 
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quite small in diameter. There was also frequently 
apparent dilation of the isthmus region with a poste- 
rior bulge (Fig. 10). A concentric narrowing of the 
aorta was noted in only 2 infants, both of whom were 
3 months of age at the time of the study. 

Associated intracardiac lesions: Aside from the . 
association of a small patent ductus arteriosus men- 
tioned earlier, only 4 of the 18 infants had any asso- 
ciated lesion (Table II). In all 9 cases it was a ventricu- 
lar septal defect. One infant had a large defect: with 
equal right and left ventricular systolic pressures, 1 
had a moderate-sized defect with right ventricular 
pressure 60 percent of that in the left ventricle, and 
in the other 2 the defect was small with only slightly 
increased right ventricular systolic pressure. 

Mechanism for development of localized coare- 
tation: This difference between the associated le- 
sions encountered in infants with localized aortic 
coarctation and those found in infants with aortic in- 
terruption or narrowing of the isthmus is notewor- 
thy. It has been suggested that coarctation of the 
aorta may result from hemodynamic disturbances in 
the fetus associated with lesions possibly causing 
aortic outflow obstruction, such as bicuspid aortie > 
valve; however, it is apparent from our observations 
that lesions associated with interference with as- 
cending aortic flow are far more frequent when aortic 
isthmus narrowing or interruption is present. The 
mechanism responsible for the development of local- 
ized aortic coarctation is not apparent. The fact that 
it is invariably so closely associated with the ductus 
arteriosus when seen in infancy raises the possibility 
that some abnormality of the ductal flow patterns 
could be responsible. One hypothesis is that a slight 
reorientation of the angle at which the ductus meets 
the aorta could account for the development of 
coarctation. The normal flow pattern from the 
ductus arteriosus is directly down to the descending 
aorta, and the descending aorta appears to be an ex- 
tension of the ductus. If, in early embryologie devel- 
opment, the dorsal aortic segment between the 
fourth and fifth arches were slightly shortened, the 
ductal stream. could be diverted against the posterior 
aortic wall. The normal slight indentation in the 
posterior wall could be exaggerated since molding in 
association with turbulence occurred during develop- 
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ment. This hypothesis is supported by the fact that, 
in early infancy, localized coarctation presents as a 
shelf which protrudes from the left and posterior wall 
into the aortic lumen immediately opposite the at- 
tachment of the ductus arteriosus. This observation 
has also been reported by Edwards et al.?9 It is fur- 
ther of interest that there is frequently posterior 
bulging of the aorta just above, as well as just below 
the coarcted segment, which could be explained by 
turbulence associated with the ductal flow. 


Role of the Ductus Arteriosus in the Postnatal 
Course of Infants with Aortic Obstruction 


Aortic Isthmus Narrowing or Atresia 


= In aortic atresia, the total systemic circulation is 

maintained by flow from the pulmonary artery 
through the ductus arteriosus and, with aortic isth- 
mus interruption, it provides systemic flow to the 
lower body. With aortic isthmus narrowing, the im- 
portance of the ductus arteriosus is determined by 
the severity of the narrowing. In only 2 of our series 
of 16 infants with aortic isthmus hypoplasia or atre- 
sia was descending aortic pressure equal to that in the 
pulmonary artery or ascending aorta. In 10 of the 11 
infants whose ductus arteriosus was patent, pressure 
in the main pulmonary artery was greater than in 
the descending aorta, thus indicating that the ductus 
had constricted to a considerable extent. 

Before birth, and in the immediate neonatal peri- 
od, while the ductus is widely patent, blood flow to 
the lower body can be readily maintained. In fact, in 
the fetus, ductal flow is greater than normal since 
aortic isthmus flow is reduced. While the ductus is 
open postnatally, flow to the lower body can be main- 
tained if pulmonary vascular resistance is still in- 
creased and pulmonary arterial pressure maintained. 
However, with the increase in blood PO% after birth, 
associated with respiration and perhaps due to other 
stimuli, constriction of the ductus may restrict de- 
scending aortic flow. In several infants we observed, 
the pulse volume of the femoral pulse was variable in 
the first few days after birth, and we questioned 
whether this could be related to various degrees of 
ductal constriction. In 1 infant being studied by car- 
diac catheterization we noted that a marked increase 
in the pressure gradient between the main pulmo- 
nary artery and descending aorta developed during 
respiration with 100 percent oxygen. It is most likely 
that this resulted from increased ductal constriction 
associated with the rise in arterial PO2,24 but this 
was not documented angiographically. 


Ductus Arteriosus in Localized Coarctation 


In 1841, Craigie* suggested that coarctation of the 
aorta may develop postnatally in association with 
constriction of the ductus arteriosus. Skoda? and re- 
cently Brom? proposed that ductal tissue may ex- 
tend into the aortic wall and be constricted by the 
same factors that produced ductal closure. More re- 
cently, Gillman and Burton?6 have shown that the 
aortic wall in the region of the ductus of several ani- 


mal species may constrict on exposure to high levels 
of oxygen and have suggested that coarctation of the 
aorta may somehow be associated with a similar re- 
sponse in man. 


Clinical observations have been made in support of the 
postnatal development of functional aortic obstruction in 
2 infants with localized aortic. coarctation who were care- 
fully observed from birth. The history and examination 
were quite similar in both. Both were full-term infants 
born normally; there was no postnatal distress and they 
were considered to be normal. Slight concern was raised 
on the second or third day after birth because of some tachy- 
pnea. The cardiac examination was considered normal. 
Brachial and femoral pulses were easily palpated. In 1 in- 
fant a chest X-ray film was obtained and was interpreted 
as normal. The infants were discharged on the fifth and 
sixth days, respectively. They were readmitted on the 
sixth and tenth days, respectively, because of rapid dete- 
rioration, which had occurred over several hours. Severe 
cardiac failure was present, with marked pulmonary 
edema. The same observors who had readily palpated the 
limb pulses previously were now struck with the promi- 
nence of the brachial pulses and complete inability to feel 
femoral pulses. 


In considering the possible role of ductal constric- 
tion in producing postnatal aortic coarctation, we 
found, on the basis of our observations of the loca- 
tion of the lesion, that it was difficult to subscribe to 
the theories of Craigie, Skoda® or Gillman and Bur- 
ton.26 As mentioned, the aortic coarctation invari- 
ably presented as a localized shelf which protruded 
into the posterior wall of the aorta opposite the 
ductus. If, in fact, there was extension of ductal tis- 
sue into the aortic wall, it would most probably be 
contiguous with the ductus, and least likely to be lo- 
cated opposite the ductal attachment. 


Hypothesis for postnatal coarctation in associa- 
tion with ductal constriction: We therefore pres- 
ent another hypothesis for the postnatal develop- 
ment of coarctation of the aorta in association with 
ductal constriction and provide experimental evi- 
dence in support of this hypothesis. If there is a 
shelf-like projection in the posterior wall of the aorta 
opposite the ductus, it may not produce any effective 
obstruction during fetal life since, while the ductus is 
widely patent, there is a wide channel for blood to 
pass directly from the ductus into the descending 
aorta; from the ascending aorta the blood could 
readily pass to the descending aorta by traversing 
the anterior aortic segment and the aortic end of the 
ductus (Fig. 11). When the ductus arteriosus closes 
postnatally, it usually begins to constrict at the pul- 
monary arterial end first. Constriction of the aortic 
end may be delayed for several days, and even for 
some weeks after birth the ductus ampulla on the 
anteromedial border of the aorta may be visible. The 
closure of the aortic end, when there is aortic coarc- 
tation, now interferes with passage of blood from the 
ascending to the descending aorta. The aortic ob- 
struction may be produced quite rapidly—hence, the 
rapid onset of symptoms sometimes observed. Clo- 
sure of the ductus with aortic occlusion would result 
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Fetus Newborn 


FIGURE 11. Diagram showing the role of closure of the 
“ductus ‘arteriosus in producing aortic obstruction in juxtaductal 
> COarctation. The left panel shows the vessels in the fetus while 

the ductus arteriosus is widely patent. The right panel shows the 

identical major vessel pattern however with the ductus arterio- 
sus constricted. AO = ascending aorta; DA = ductus arterio- 
sus; PA = main pulmonary artery. 


in a rapid increase in impedance faced by the left 
ventricle, with onset of acute left ventricular failure. 
- Since ductus arteriosus constriction is stimulated by 


increased POz of arterial blood,?4 the administration 


= of 100 percent oxygen to these infants may be ques- 


Le ‘tioned; it could accentuate ductal constriction, 


-thereby aggravating the obstruction. 


: _ Experimental Studies 


~~ We have attempted to confirm this hypothesis of the 
role of ductal constriction in causing effective aortic ob- 
struction by simulation of the lesion in fetal lambs. The 
following procedure was carried out in 5 fetal lambs in the 
_ last week of gestation (term 148 to 150 days). The ewe was 
anesthetized with low spinal analgesia, using 2 ml of 1 
percent ‘tetracaine HC! (Pontocaine®), and placed on her 
back. Through a midline abdominal incision, the uterus 
was exposed; polyvinyl catheters (inner diameter 0.030 
<in., outer diameter 0.048 in.) were inserted into a carotid 


artery and into the descending aorta through a hindlimb 


artery as previously described.3.? An incision was made in 
the uterine wall over the region of the left thorax of the 
fetus. Local anesthesia was accomplished by injecting li- 
docaine into the fetal upper chest wall, and a thoracotomy 
performed through the third intercostal space. Another 
polyvinyl catheter was inserted into the proximal portion 
of the main pulmonary trunk through a stab within a purse- 


t string suture. The descending aorta in the region of at- 
tachment of the ductus arteriosus was mobilized and, 


while carotid arterial, descending aortic and main pulmo- 
Mary arterial pressures were continuously monitored, the 
aortic wall opposite the ductus was progressively invag- 
‘inated. Interrupted inverting mattress sutures of Teflon®- 
coated. suture material (Tevdek 5-0) were placed through 
the adventitia and media, avoiding penetration of the in- 
terna. The process was continued until the final suture 
produced a definite reduction of pressure in the descend- 
ing aorta. This last suture was then released so that no 
pressure difference was present (Fig. 12). In all the lambs, 
pressures in the carotid artery and descending aorta were 
identical at the onset, with pulmonary arterial systolic 
pressure 3 to 5 mm Hg greater. At the end of the proce- 


«> dure these same pressure relations prevailed. The carotid 


< and-pulmonary arterial catheters were filled with heparin 
solution, and sealed and fixed to the skin of the neck of 
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FIGURE 12. Diagram showing the operative procedure. per- 
formed to reproduce juxtaductal coarctation of the aorta in: fetal’ 
lambs. The inset shows in detail the manner in which the aortic. : 
wall was invaginated. 


the fetus. The hindlimb arterial catheter was exteriorized 
to the ewe’s flank for monitoring the fetus. The fetal chest. 
was carefully closed in layers, the uterine and abdominal 
incisions sutured and the sheep allowed to recover, On the 
next day, fetal pressures and blood gases were in the nor- 
mal range. 

In 2 instances the gestation was allowed to continue; 
and the lambs were delivered vaginally. In 1, the fetus 
died during delivery because the hindlimb catheter coiled 
around and obstructed the umbilical cord. The other 3 
lambs were delivered by Caesarean section with the ewe 
under spinal analgesia 2 or 3 days after the initial surgery. 

Pressures in the pulmonary, carotid and femoral arten 
ries were measured immediately after delivery for various. 
periods up to a week. Aortograms were performed by in-. 
jecting 3 to 5 ml of Renografin® into the carotid arterial 
catheter. In 2 lambs, pressures were measured during ad- 
ministration of 100 percent oxygen and infusion of acetyl.’ 
choline into the pulmonary arterial catheter. All pressures. 
were measured with Statham p23Dc transducers andre 
corded either with a Beckman Dynograph or with an Elec- 
tronics for Medicine photographic recorder. 

Hemodynamic observations: No pressure differ- 
ences between ascending aortic (reflected by carotid 
arterial) pressure and descending aortic pressure. 
were noted immediately after birth in the 4 lambs 
studied. In the lamb that died during delivery, a sili- 
cone rubber cast of the aorta and pulmonary artery 
showed that the aorta had been effectively indented 
but, since the ductus arteriosus had not constricted, : 
no aortic obstruction was evident (Fig. 13A). 

In 1 lamb studied continuously after birth by Cae- 
sarean section, a small pressure difference between 
the ascending and descending aorta developed after 
4 to 6 hours, and was associated with a reduction in 
pulmonary arterial pressure. Eight hours after deliv- 
ery a small resting systolic pressure difference of 5 : 
mm Hg was noted while the lamb breathed air and _ 
had an arterial PO% of 45 mm Hg. Oxygen (100%) 
was then administered by funnel for 20 minutes, 
raising the PO level to 280 mm Hg. There was a 
considerable increase in the ascending-descending 
aortic pressure difference with systolic separation of | 
20 to 25 mm Hg. During oxygen administration, — 
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FIGURE 13. Silicone rubber casts from 2 lambs with surgical- 
ly produced juxtaductal coarctation. The area of indentation on 
the lumen of the aorta by the surgical procedure is indicated by 
the arrow. A, there is no obvious obstruction to flow from the 
aortic isthmus to the descending aorta. This cast was from a 
fetal lamb which died in utero and in which the ductus arterio- 
sus had not constricted. B, there is marked obstruction at the 
site of the surgically induced coarctation due to almost com- 
plete closure of the ductus arteriosus. Abbreviations as in Fig- 
ure 3. 


infusion of acetylcholine into the pulmonary artery 
further separated the pressure with a peak systolic 
difference of 30 mm Hg (Fig. 14). In association with 
the changes in aortic pressure, the pulmonary arteri- 
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FIGURE 14. Brachial arterial (BA) and femoral arterial (FA) 
pressures in an 8 hour old lamb with surgically produced juxta- 
ductal coarctation. During the control period the ductus arterio- 
sus was open and there was no major difference between the 
2 pressures. After administration of acetylcholine (Ach) and 100 
percent oxygen by mask, a pressure difference was produced, 
probably as a result of ductal constriction. 


al pressure decreased. With cessation of acetylcho- 
line and 100 percent oxygen, pressures returned to 
control levels slowly after 30 to 40 minutes. In a sec- 
ond lamb delivered by Caesarean section similar ob- 
servations were made on the second day after birth, 
but the maximal pressure difference between the as- 
cending and descending aorta was 15 mm Hg. The 
third lamb delivered by section died of respiratory 
failure after about 4 hours, and no aortic pressure 
gradient developed. At necropsy the ductus had 
barely constricted. 

In the single lamb that survived vaginal delivery a 
gradient did not develop, and at age 6 months there 
was still no pressure difference. Necropsy revealed 
only minor indentation of the aorta. 

Silicone rubber casts of the 2 lambs that had signi- 
ficant pressure gradients showed that, associated with 
constriction of the ductus, aortic obstruction had de- 
veloped (Fig. 13B). However, since the lambs were 
killed on the second day after birth complete con- 
striction of the ductus had not yet occurred. 
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Dysrhythmias after Mustard’s operation for transposition of the great 
arteries were studied in 60 patients who survived the operation. Only 
3 patients consistently had sinus rhythm after the operation. In 54 
patients, low voltage atrial waves having the configuration of sinus P 
waves were seen at one time or another. The incidence of passive 
dysrhythmias remained nearly the same during the follow-up period. 
Eight patients showed at various times a specific pattern designated 
junctional rhythm with right inferior P axis. The mean P axis was di- 
rected downward, to the right and anteriorly, occurring either before 
or after the QRS complex with fixed P-R or R-P intervals. 

The characteristics of the junctional rhythm with right inferior P 
axis remained during subsequent attacks of supraventricular tachy- 
cardias. Whereas the incidence of sinus rhythm gradually de- 
creased, the incidence of active dysrhythmias increased during fol- 
low-up study. There. were no instances of second or third degree 
atrioventricular (A-V) block. Wolff-Parkinson-White syndrome, type 
A, developed and persisted in 1 patient. 

in 5 patients who died, presumably from. rhythm disturbances, the 
histologic features of the sinoatrial (S-A) nodal area were examined. 
In a control group of normal. hearts and 1 specimen with. unoperated 
upon transposition, the S-A node and. artery were. readily identified. 
In the necropsy material from patients. with transposition who had 
recently undergone Mustard’s operation, S-A nodal tissue was iden- 
tified but fresh hemorrhage. and acute inflammation. were seen in and 
about the node. The S-A nodal artery in the 3 patients who died 4 
months or more after operation was nearly or completely obliterated 
by intimal sclerosis and medial hypertrophy. The S-A node was re- 
placed by dense connective tissue and fatty degeneration. 


In the first description of the transatrial corrective procedure for 
transposition of the great arteries, Mustard! reported only a few ec- 
topic beats postoperatively; in his second paper,? neither dysrhyth- 
mias nor conduction defects were mentioned. Several subsequent re- 
ports? described dysrhythmias and conduction abnormalities, some 
complex and serious, that occurred in the early postoperative period 
despite an otherwise good hemodynamic result. 

This investigation (1) tabulates the incidence of dysrhythmias and 
conduction abnormalities presumed to have resulted directly from 
the surgical procedure in the early and late postoperative period in 
60 patients who survived the operation, and (2) provides a histologic 
study of the sinoatrial (S-A) node in 5 patients who died, presum- 
ably from the dysrhythmias. 


Materials and Methods 


In the 7 year period from January 1964 to March 1971, operation by the 
Mustard technique for transposition of the great arteries was performed in 
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FIGURE 1. Number of Mustard’s operations included in the 
“study per year. 


oy 77 patients. The 60 early postoperative survivors con- 


stituted the subjects of this study (Fig. 1). Five patients 

- subsequently died—2 during early recovery, 1 after 4 
months, 1 after 4 years and 1 after 5 years, each presum- 
ably from a dysrhythmia. 

The age of these 60 patients at the time of operation 
ranged from 18 months to 8 years. The associated defects 
were subvalvular pulmonary stenosis (4 patients), ventric- 
ular septal defect plus subvalvular pulmonary stenosis (3 
patients) and small ventricular septal defect (1 patient). 
The remaining 52 patients had an intact ventricular sep- 
tum. Blalock-Hanlon atrial septectomy had previously 
been performed in 29 patients. 

The preoperative and postoperative electrocardiograms 
were analyzed for maximal amplitude of P wave, frontal 
and horizontal plane mean axis of the P wave, as well as 
for rhythm and duration of atrioventricular (A-V) conduc- 
tion, 

Before the corrective operation, each of the 30 patients 

“had sinus rhythm including the 29 who had had surgical 
creation ‘of atrial septal defect and the 6 with Rashkind 
balloon septostomy. Unlike the patients described in a 
previous report,® none of the 29 with prior surgical atrial 
septectomy had dysrhythmias. 





AMPLITUDE 0.27*+0.09 mv 0.07+ 0.03 mv (Pp: <0.001) 


DURATION 0.097 O.0isec 0.08 + 0.02 sec (Pinsig.) 


FIGURE 3. Diagrammatic representation of the postoperative 
decrease in the maximal amplitude of the sinus-like P wave 
without change in the duration observed intermittently in 54 
cases postoperatively. 













FIGURE 2. The heart of an 11 year old boy with transposition 
of the great arteries who died 5 years after Mustard's operation. 
Dense pericardial adhesions can be seen obscuring the sulcus 
terminalis (ST) and the site of the S-A node. To examine the 
S-A node, a segment (delineated by the line) of the free rig 

atrial wall and the superior vena cava (SVC) was removed. A 
piece of the pericardial patch prosthesis (not seen) was. includ- 
ed in the segment. AA = right atrial appendage: PA = pulmo: 
nary artery; PV = pulmonary vein. 
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TABLE | 


_ Number of Patients and Rhythms Observed During Follow-Up 
Period 





Follow-Up Period 


6 

Weeks 
First 2-6 to 1-3 >3 
Week Weeks 1Year Years Years 








_ Patients 60 58 27 18 10 
Different rhythms 63 66 30 20 15 
Patients with sinus rhythm 20 20 10 3 2 


Passive dysrhythmias (total) 31 29 14 ll 8 
A-V dissociation 
by default 15 10 5 4 2 
Junctional rhythm 8 11 5 6 4 
Junctional rhythm with 


right inferior P axis 3 4 2 1 
Wandering pacemaker 3 3 2 1 
S-A block 2 1 1 

Active dysrhythmias (total) 6 13 5 5 5 
Supraventricular 

tachycardias 6 5 2 2 2 

Atrial flutter vaN 8 3 3 3 
A-V conduction defects 

(total) 6 4 1 1 
1° A-V block 5 3 1 1 
Wolff-Parkinson-White 1 1 











FIGURE 5. A, four year postoperative electrocardiogram show- 
ing junctional rhythm with right ieferior P axis. The P waves fol- 
low the QRS waves. The R-P intervals are fixed and the P axis 
is directed. anteriorly, inferiorly and to the right. B, tracing dur- 
ing an episode of paroxysmal supraventricular tachycardia with 
2:1 block almost 2 years later. The P wave retained the same 
characteristics. 





The dysrhythmias observed after the Mustard. proce- 
dure were classified into 3 groups: Those due to failure of 
initiation or failure of propagation of the sinus impulse 
were designated passive dysrhythmias. Rhythm distur- 
bances characterized. by rapid ectopic atrial or A-V junc- 
tional impulses were termed active dysrhythmias. A-V 
conduction defects made up the third group. Rhythm dis- 
turbances were further categorized as to the time of ap- 
pearance in the postoperative course—first week, 2 to 6 
weeks, 6 weeks to 1 year, 1 to 3 years, and more than 3 


years. 


Histologic examination of the S-A node by the tech- 
niques of Hudson? and James!® was carried out in 5 
postoperative necropsy specimens, in 3 normally formed 
hearts and in 1 specimen of transpostion of the great arte- 
ries with no surgical treatment. The free right atrial wall 
was removed maintaining the attachment of the superior 
vena cava (Fig. 2). The entire section was divided into 6 
blocks. Preparation of the blocks was necessarily altered 
to include a portion of the pericardial patch prosthesis 
which is anchored at the junction between the superior 
vena cava and right atrium. The blocks were imbedded in 
paraffin, subserially sectioned, and stained with hematox- 
ylin and eosin, Gomori’s trichrome, Goldner’s trichrome or 
Verhoff-Van Giesen’s stain. 


Results 


P waves with sinus configuration: In 54 pa- 
tients, atrial depolarization waves having the scalar 
configuration of sinus P waves were seen at one time 
er another postoperatively. Comparison of these P 
waves with the preoperative sinus P waves revealed a 
highly significant decrease in the maximal P wave 
amplitude without significant change in the maximal 
width (Fig. 3). The mean frontal plane axis of these 
P waves remained the same as preoperatively. Figure 
4 and Table I show that the incidence of sinus 
rhythm was about 30 percent until the end of the 
first year then started to decrease, becoming 13 per- 
cent after 3 years. In only 3 of the 60 patients did 
the postoperative electrocardiograms show consistent 
sinus rhythm (for 14%, 3 and 4. years, respectively). 

Passive dysrhythmias: Figure 4 and Table I 
show that the frequency of passive dysrhythmias re- 
mained nearly the same in the 5 postoperative time 
periods observed. These dysrhythmias consisted of 
simoatrial block, wandering pacemaker between the 
S-A node and A-V node, A-V junctional rhythm, 
and A-V dissociation by default. Of 4 patients with 
A-V junctional rhythm, exercise induced conversion 
to sinus rhythm in 2, and produced no change in 2. 

Hight patients showed at. various times a specific 
pattern defined as junctional rhythm with right in- 
ferior P axis: The P wave axis was directed inferiorly 
to the right and anteriorly as in so-called left atri- 
al rhythm. In 5 patients, the P waves followed the 
QES complex; in 2 they preceded the QRS complex. 
In 1 patient, this ectopic P wave preceded the QRS 
complex at one time and followed it at. another time. 
Apart from the latter case, the P-R or R-P interval 
was fixed in each recording at rest and after exercise. 
These P waves were similar in shape and amplitude 
to many of the other small sinus-like P waves seen 
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postoperatively. The mean frontal and horizontal 
< plane axis of these P waves, as well as the shape, re- 
--mained unchanged during the episodes of paroxys- 


mal supraventricular tachycardia that occurred in 4 


. - patients (Fig. 5). 
Active dysrhythmias: Figure 4 shows the pro- 
gressive increase in frequency of active dysrhyzhmias 
(paroxysmal supraventricular tachycardias and atri- 
al flutter) from 9 percent in the first week to 36 
~ percent after 3 years. Figure 6 shows that 1 patient 
~ had sinus rhythm before and after 2 attacks cf atrial 
flutter in a 10 month period. 

A-V conduction defects: The incidence of A-V 
conduction defects was low and occurred mainly as 
grade I A-V block. Partial or complete A-V block 
was not seen at any time, either early or late post- 
operatively. In 1 patient, who was operated upon at 
the beginning of 1971, Wolff-Parkinson-White syn- 
‘drome, type A, developed and has persisted until 
now. It was not detected in this patient before opera- 


oo tion, 


` Deaths probably related to dysrhythmias: In 


3 the 5 patients who died, dysrhythmias were consid- 


_ ered a major factor. None of these patients had clini- 


eal or pathologic evidence of pulmonary venous ob- 


struction. The 2 patients who died in the early re- 

-covery period had complex cardiac dysrhvthmias. 
‘Another death occurred suddenly 4 months after the 
operation following a brief period of “tachycardia” 
that was observed by the parents but not docu- 
mented by electrocardiogram. Sinus rhythm had 
been present in this patient after operation and for 3 
months after discharge from the hospital. One death 
occurred 4 years after operation in a patient who had 
- had persistent A-V junctional rhythm and repeated 
` “attacks of atrial flutter. The patient who died 5 years 
postoperatively had progressive dysrhythmias de- 
: spite a good hemodynamic result documented by 
-cardiac catheterization. Progressive cardiac enlarge- 

ment developed presumably from the dysrhythmia. 
‘This patient had several cardiac arrests and died 

during a cardiac arrest which failed to respond to 
transvenous pacing. 

Pathologie S-A nodal changes: In both the nor- 

-.. mally formed hearts and the specimen with trans- 

“position of the great arteries without surgical treat- 
ment. (Fig. 7A), the histologic features of the sinus 
_ node were readily identified in the norma! position. 

‘The constant position of the nodal artery aided in 
location of the S-A node. 

In the hearts recently operated upon, the S-A 
nodal tissue was. also readily identified in its usual 
position. In and about the node, fresh hemorrhage 
and acute inflammation surrounded the sutures im- 
bedded in the atrial myocardium (Fig. 7B). This reac- 
tion to the sutures and the pericardial patch extend- 
ed focally into the sinus nodal tissue. 

The S-A node in the 3 patients whose death oc- 
-curred at 4 months, 1 year and 5 years, respectively, 


after operation was not so readily identified. Micro- 


-scopically, the artery to the S-A node was partially 
occluded by intimal sclerosis and medial hypertro- 
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FIGURE 6. Series of lead II tracing from patient. in a 10: 
month period. The second strip 22 days postoperatively shows 

grade | A-V block and tow voltage sinus P waves. Three months 

postoperatively, atrial flutter developed but was converted. to. 
sinus rhythm. Seven months later, the patient presented again. 
with atrial flutter which was also converted to sinus rhythm. 


phy which reduced the lumen to a mere slit (Fig. 7C). 
In other tissue sections from the same block, the ves- . 
sel was completely destroyed with only a smudged in- . 
ternal elastic membrane remaining to identify its 
position. In the adjacent myocardium, dense colla- : 
genous fat occupied the usual site of the S-A node. 
The pericardial patch prosthesis was hyalinized and- 
had a thin endothelialized surface. 


Discussion 


Only 3 of the 60 patients who survived the opera- 
tion have remained free of dysrhythmias and have a 
normal sinus mechanism. Disturbance in origin ory 
propagation of the electrical impulse in the atrium 
was observed either continuously or intermittently in. 
the other 57 patients. Five deaths. resulted from atri- 
al dysrhythmias among the 60 patients who sur- 
vived the early postoperative period. Dysrhythmias. 
were also a significant factor in the 17 patients who 
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FIGURE 7. Photomicrographs of a section through the region of si- 
noatrial node. A, normal heart specimen. The sinoatrial node (SAN) 
lies on the epicardial aspect (EPI) slightly superior to the sinoatrial 
node. (Gomori's trichrome X21, reduced by 32 percent.) B, heart 
specimen of a patient who died 1 day after Mustard's operation. Fresh 
hemorrhage (HEM) is seen extending from both the epicardial and en- 
docardial surfaces into the region of the S-A node. (Goldner'’s tri- 
chrome X17, reduced by 32 percent.) C, heart specimen 5 years pos- 
toperatively. The nodal artery is completely obliterated, and the site of 
the nodal tissue is occupied by fat and collagen tissue. The well or- 
ganized site of attachment of the pericardial patch (P) can be seen at 
the nodal arterial site. (Gomori's trichrome X10, reduced by 32 per- 
cent.) ENDO = endocardial surface; NA = nodal artery; RA = right 





died during and immediately after operation but are 
not included in this study. None of the 5 patients 
who died from dysrhythmia had clinical or patholog- 
ic evidence of pulmonary venous obstruction, which 
is considered to be a major cause of death after Mus- 
tard’s operation.7:11 Aberdeen and Carr‘ also re- 
ported both early and late deaths from dysrhyth- 
mias. 

During the transvenous corrective procedure of 
Mustardł-4 for transposition of the great arteries, 
which entails excision of the atrial septum and inser- 
tion of an intraatrial baffle to divert the direction of 
blood flow, there exists the possibility of involvement 
of one or more of the 3 important components of the 
specialized atrial tissue (S-A node, internodal tracts 
and A-V node). The S-A node lies at the junction of 
the right atrium and superior vena cava.9:1° The 
A-V node rests on the collagenous base of the mitral 
annulus directly above the insertion of the septal 


atrium; SVC = superior vena cava. 


leaflet of the tricuspid valve and just anterior to the 
ostium of the coronary sinus.12 The 3 internodal 
tracts extend from the S-A node through the inter- 
atrial septum and thebesian valve to the posterior and 
superior margins of the A-V node.13.14 

S-A nodal involvement after Mustard opera- 
tion: Of these 3 specialized atrial tissues, attention 
was directed to the S-A node. In the control group, 
which consisted of 3 normally formed hearts and 1 
specimen of transposition without surgical repair, as 
well as in specimens of transposition with recent sur- 
gical repair, the sinus node was readily identified in 
the normal position (Fig. 7, A and B). Fresh hemor- 
rhage and acute inflammation surrounded the sutures 
imbedded in the atrial myocardium in the hearts re- 
cently operated upon. Identification of the S-A node 
in the 3 patients who died 4 months, 4 years and 5 
years, respectively, after initial recovery was diffi- 
cult. As previously described, the usual site of the 
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S-A node was occupied by fat and connective tissue 
and the S-A nodal artery was either completely oc- 
_ eluded or altered by marked intimal sclerosis and 
- medial hypertrophy (Fig. 7C). 

It is thought that insertion of the pericardial patch 
“affects the S-A node in several ways: direct trauma, 
foreign body reaction to the sutures, and damage to 
the artery of the S-A node. Aberdeen and Carr? spec- 
- ulated that damage to the S-A node or its artery 
may occur during (1) placement of the superior vena 
“cava cannula, (2) sealing of the atrium around the 
cannula or (3) suturing of the pericardial patch 
around the posterior portion of the right atrial ap- 
‘pendage. Tung et al.15 reported early and late injury 
of the S-A node after open heart surgery in patients 
other than those with transposition of the great arte- 
ries. The immediate and late effects of the Mustard 
operation on the S-A node and its artery seen in the 
necropsy specimens may explain most of the electro- 
cardiographic changes. Excision of the atrial septum 
with its internodal tracts and fixation of the patch to 
<c the area where the A-V node lies may be contributo- 


i ry factors. 


P wave changes after Mustard operation: One 
of the frequent changes in the atrial electrocardio- 
gram is a significant decrease in the maximal ampli- 
tude without change in the width or the frontal 
` plane axis of the sinus P waves (Fig. 3). The de- 
crease in amplitude was described in 11 patients 
early in 19655 and was attributed to direct surgical 
trauma. 

Some of the P waves seen postoperatively which 
appeared to be sinus in configuration may actually 
be of ectopic origin because of (1) the abnormally 
small amplitude, (2) persistence of the shape of these 
sinus-like P waves during subsequent attacks of 
supraventricular tachycardias, and (3) the occur- 
rence of a “sinus-like” P wave in patients whose S-A 
node was later found to be degenerated histological- 
ly. In these apparent. sinus P waves, a silent initial 
retrograde conduction from an ectopic focus must be 
to the right part of the atria to explain the leftward 
downward direction of the second evident part. 

The failure of the sinus mechanism (S-A node and 
its 3 internodal pathways) also explains the high in- 
cidence of passive dysrhythmias after Mustard’s op- 
eration which has been repeatedly described*? and 
confirmed in the present series. Exercise produced 
sinus rhythm in some patients and had no effect in 
others. 


Junctional rhythm with right inferior P axis: 
A specific pattern was seen in 8 patients and given 
the name junctional rhythm with right inferior P 
axis. The main characteristic of this previously un- 
described rhythm is a P axis directed anteriorly, in- 
feriorly and to the right (Fig. 5). The P waves may 
fall before or after the QRS complex. The P-R or 
R-P interval was fixed both at rest and after exercise 

-in-all but 1 patient. The P wave configuration per- 
sisted during attacks of paroxysmal supraventricular 
tachycardias. The P wave axis fits the often criticized 


criteria!®.17 of left atrial rhythm.1® Because of the 

uncertainty inherent in determining the origin of at- 
rial rhythms by shape and axis of P waves,16-19 it © 
was difficult to determine the site of origin of the ec- 
topic atrial pacemaker in these cases. Massumi and 
Tawakkol,}® Waldo et al.,2° Brumlik?? and Moore et 
al.22 demonstrated that the P waves of junctional 
and ectopic low atrial origin can inscribe positive de- 
flections in leads II, IHI and aVF. This finding was 
attributed to an initial silent retrograde conduction 
through the specialized intraatrial tracts before de- 
polarization of the 2 atria in the usual downward 
way. The junctional rhythm with inferior P axis pat- 
tern described may be due to ectopic low atrial or 
junctional impulse with an initial silent retrograde 
conduction through the atrial wall to the left part of 
the 2 atria; thus, the second and evident part is di-- 
rected downward and to the right. 


A-V nodal involvement: The involvement of the 
A-V node was not considered of great significance in 
our cases because partial or complete A~V block was 
not seen postoperatively. However, Aberdeen and. 
Carr‘ described 1 patient with partial and 9 patients 
with complete A-V block in 49 cases of surgically — 
treated transposition. Five had persistent complete 
A-V block. Aberdeen and Carr? thought that the 
damage may be caused by placing the pericardial 
graft too near the A-V node. Transient first degree 
A-V block was noted in a few patients. 


Surgical implications: The Mustard operation 
offers an excellent and reproducible hemodynamic 
correction of the circulatory abnormalities in trans- 
position of the great arteries. However, the alarming 
high and apparently progressively increasing inci- 
dence of persistent and serious dysrhythmias in the 
early and long-term postoperative follow-up period 
necessitates reassessment and further modification of 
the present surgical technique. Particular attention 
must be focused on preserving the S-A node and its 
arterial supply, abnormality of which seemed to be 
the major etiologic factor in the dysrhythmias in this’ 
series. Continued protection of the A-V node and 
preservation of much of the interatrial conduction 
pathways, including the thebesian valve, should en- 
hance the possibility of preserving postoperative 
sinus rhythm. 

To protect the S-A node and its arterial supply, 
several modifications in the surgical technique have 
been made in'the last year. Cannulation is now per- 
formed through the right atrial appendage rather 
than through the superior vena cava. The incision in 
the right atrial wall is made anterior to the sulcus 
terminalis; thus, the injury to the S-A nodal artery 
is avoided. The superior part of the pericardial patch - 
is fixed away from the superior vena cava. Early 
postoperative dysrhythmias have been less frequent; 
but it is too early to judge the. influence of- these- 
modifications on the development of late dysrhyth 
mias. Many of the late dysrhythmias observed before 
this change in technique occurred in patients who: 
had sinus rhythm in the early postoperative period. 
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Apparent interruption of the atrial conduction. (internodal). pathways: 
after the Senning operation, the Mustard procedure or the creation. 
of an atrial septal defect was sought in the hearts of 49 patients with | 
transposition of the great arteries, and the findings were correlated 
with postoperative dysrhythmias. The results indicate that (1) exten- 
sive disturbance of the atrial septal connections between the sinus 
and atrioventricular nodes frequently is associated with serious dys- 
rhythmia, and (2) disruption of the region of the middle atrial con- 
duction. pathway, especially when coupled with damage to another | 
pathway, is frequently associated with dysrhythmia, most commonly. 
nodal rhythm. 


Atrial conduction pathways between the sinus and the atrioventricu 
lar nodes (internodal pathways) have been described in the normal — 
heart,:? but the significance of their anatomic features and their — 
physiologic importance have not. been entirely accepted. Surgical re- 
pair of transposition of the great arteries involves extensive alter-~ 
ation of the atrial septum, and this procedure has a high incidence of 
postoperative dysrhythmias. Correlation. of gross anatomic abnor- 
malities in the areas of the internodal pathways with postoperative 
dysrhythmias thus may provide evidence for the functional signifi- 
cance of the pathways. 


Materials and Methods 





After review of the locations of the 3 internodal pathways (anterior, mid- 
dle, posterior) in normal hearts (Fig. 1), the hearts of 49 patients who bad 
died after one or more corrective or palliative procedures for transposition z 
of the great arteries were examined. Traumatic lesions in the regions of the 
3 pathways were recorded and correlated with major dysrhythmias observed 
in the immediate postoperative period. ‘The operative procedures were the 
Senning operation,? the Mustard procedure* and the creation of an atrial © 
septal defect, including some by the Blalock-Hanlon technique. The pa- 
tients ranged in age from 9 days to 32 years; 33 were male and 16 were fe- 
male. The dysrhythmias. observed were nodal rhythm, atrioventricular dis- 
sociation, atrial fibrillation, atrial flutter, complete heart block and ventric- 
ular tachycardia. i 


Results 


Eight of the 49 patients had no postoperative dysrhythmia. Seven 
of the 8 underwent a Blalock-Hanlon. procedure, and incall 7 the | 
areas of the anterior and middle pathways. were intact although the — 
region of the posterior pathway was interrupted. After a Senning 
procedure, 1 patient had apparent disruption of all 3 pathways but 
did not manifest dysrhythmia (Table IA). 
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FIGURE 1. Right side of atrial and ventricular septa with posi- 
tions of sinus node (X,,) and atrioventricular node (X avn ) indi- 
cated. The internodal pathways (atrial conduction pathways) are 
indicated by the 3 lines: a (anterior pathway); m (middle path- 
way); and p (posterior pathway). The dotted lines represent 
portions of the pathways deep within the tissues. cs = ostium of 
coronary sinus; fo = fossa ovalis; IVC = ostium of inferior vena 
cava; SVC = ostium of superior vena cava; t = tricuspid valve; 
vs = base of ventricular septum. (Reprinted from Merideth and 
Titus? by permission of the American Heart Association, Inc.) 


Twenty-two of the 23 patients who underwent a 
Senning operation had postoperative dysrhythmias 
(Table IA). Nodal rhythm occurred in 11 patients, 
and in 10 of them there was apparent interruption of 
all 3 pathways; in the eleventh, the region of the 
posterior pathway was intact. Atrioventricular disso- 
ciation occurred in 6 patients, and the areas of all 3 
pathways were disrupted in each. Atrial fibrillation 
was present in 2 patients, 1 with disruption of the re- 
gion of all pathways and | with apparent preserva- 
tion of the posterior pathway. Complete heart block 
existed in 2 patients who had apparent interruption 
of all atrial pathways, but in both of these patients, 
a ventricular septal defect also had been closed. One 
patient had ventricular tachycardia and disruption 
of all atrial pathways.:One of the 23 patients had 
disruption of all 3 pathways but no apparent dys- 
rhythmia. 

After the Mustard procedure, dysrhythmias were 
recorded in all 14 patients whose hearts were studied 
(Table IB). Of the 7 with nodal rhythm, 5 had ap- 
parent destruction of all 3 pathways; in the other 2 
the region of the anterior pathway was intact. All 
pathway areas were disturbed in the 3 with atrioven- 
tricular dissociation, the 2 with ventricular tachycar- 
dia, and the 2 with atrial fibrillation or flutter. 

An atrial septal defect had been created in 12 pa- 
tients (Table IC). Seven patients who underwent a 
Blalock-Hanlon operation had no postoperative dys- 
rhythmia, and the areas of the anterior and middle 


pathways were intact; however, the region of the 
posterior pathway was disturbed in all 7. Five pa- 
tients in whom a central part of the atrial septum 
was excised had nodal rhythm. The region of the 
middle pathway had been excised in all 5; in addi- 
tion there was apparent injury to the anterior path- 
way in 2 and to the posterior pathway in 1. 


Comment 


Although the physiologic importance and the sig- 
nificance of the anatomic features of the atrial 
(internodal) pathways have been questioned, Meri- 
deth and Titus? reached the following conclusion: 


“Atrial pathways may facilitate propagation of the sinus 
node impulse directly to the A-V node, as a consistent, 
recurring phenomenon, because the pathways provide the 
shortest and most direct route between the two nodes. 
Thus a principal physiological contribution of the path- 
ways may not necessarily be increased conduction velocity 
per se, but rather the facilitation of orderly atrial depolar- 
ization and impulse propagation between the two nodes, 
thereby providing a uniform input into the A-V node, a 
structure generally considered to have a low margin of 
safety.” 


Eyster and Meek® in a classic experiment found that 
temporary atrioventricular dissociation could be pro- 
duced by cuts in the region of any 1 of the 3 tracts 
and that permanent atrioventricular dissociation was 


TABLE | 


Postoperative Dysrhythmia and Apparent Injury to Atrial 
Conduction Pathways 

















t 
Patients paway 
Dysrhythmia (total no.) A M P 
A. Senning Procedure 

Nodal rhythm 11 11 11 10 
A-V dissociation 6 6 6 6 
Atrial fibrillation 2 2 2 1 
Complete heart 

block 2 2 2 2 
Ventricular 

tachycardia 1 1 sl 1 
None 1 1 1 1 

B. Mustard Operation 

Nodal rhythm 7 5 7 7 
A-V dissociation 3 3 3 3 
Atrial fibrillation 1 1 1 1 
Atrial flutter 1 1 1 1 
Ventricular 

tachycardia 2 2 2 2 

C. Creation of Atrial Septal Defect 

Nodal rhythm 5 2 5 1 
None 7 0 0 7 


A = anterior; A-V = atrioventricular; M = middle; P = pos- 
terior. 
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produced by cutting all 3. Holsinger et al.7 also dem- 


onstrated the physiologic significance of the regions 


of the internodal pathways by sequential division of 

_ the pathways with production of nodal rhythm in 7 
of 10 dogs. 

Surgical trauma and postoperative dysrhyth- 
mias: The possible surgical importance of the atrial 
pathways has been suggested in several reports. 
Bowman and Malm® found that temporary atrioven- 

-tricular dissociation was a common complication of 


J -transseptal repair of the mitral valve. Haller and as- 


-gociates® reported that in each of 9 children who had 
_ the Mustard procedure, some type of postoperative 
-- dysrhythmia developed. Of 8 children with normal 
sinus rhythm before operation, 7 had nodal rhythm 
after operation, and 1 had coronary sinus rhythm. 
The ninth child had nodal rhythm before operation 
_ and after operation had atrioventricular dissociation 
and nodal rhythm. Hamilton and co-workers?® de- 


scribed disturbances in atrial conduction or rhythm, 
or both, in 16 of 27 patients undergoing the Blalock- 


Hanlon operation. It was thought that surgical trau- 
ma and resection of the atrial septum with possible 
injury to the internodal pathways might have been 

the cause of the disturbances in rhythm. Sealy and 
co-workers!) reported that 36 of 108 patients with 
atrial secundum defects had postoperative dysrhyth- 
mias, of which 3 were persistent nodal rhythms. Of 
the 32 patients who had preoperative dysrhythmias, 
new disturbances occurred in 20, and 8 had the same 
dysrhythmia as before operation. Rashkind and Mil- 
ler}? found that transient dysrhythmias were uncom- 
mon and permanent conduction abnormalities were 
absent among 31 patients undergoing ballocn atrio- 
septostomy as a palliative procedure for transposition 
of the great arteries. 

Since the Mustard and Senning operations require 
excision or mobilization of the atrial septum, and 
also suturing or mobilization of the atrial walls, fre- 
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quent interruption of all 3 internodal pathways 
would be anticipated. In this study, 22 of 23 patients 
who underwent a Senning procedure and all who un- 
derwent the Mustard operation had postoperative — 
dysrhythmias. Anatomically, 21 of 23 hearts in 
which the Senning operation was carried out ap-— 
peared to have all 3 pathways disrupted, and all 3 
pathways apparently were interrupted in 12 of the 14 
hearts that underwent the Mustard procedure, The 
sinus node itself was not directly injured by the sur- 
gical procedures in any of the 49 hearts. 

Creation of an atrial septal defect requires less ex- 
tensive anatomic revision of those areas in which the 
atrial pathways are located. None of the patients 


who underwent a Blalock-Hanlon operation had a 


postoperative dysrhythmia and, in all, only the pos- 
terior pathway was damaged. In contrast, 5 other 
patients with nodal rhythms all had apparent inter- 
ruption of the middle pathway. 

Surgical implications: Although a variety of fac- 
tors, such as anesthesia, electrolyte imbalance, digi- 
talis and pulmonary abnormalities, may affect the 
rhythm of the heart, the present study indicates that 
surgical trauma to the regions of the atrial conduc- 
tion pathways is associated with postoperative dys- 
rhythmias. Disturbance of all 3 pathways was almost 
always associated with postoperative dysrhythmias, 
the most common dysrhythmia being nodal rhythm. 
When 2 of the 3 pathways appeared to have been in- 
terrupted, and 1 of the 2 was the middle pathway, 
nodal rhythm always existed. Injury to the posterior 
pathway alone (Table IC) was not associated with 
postoperative dysrhythmia in this study. 

We believe that knowledge of the anatomy of these 
pathways is important to the cardiac surgeon. When 
possible, the surgeon should avoid both the middle 
and anterior pathways in operations involving the 
atrial septum. Injury to the posterior pathway ap- 
pears to have less significance. 
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Clonidine hydrechloride, an imidazoline antihypertensive agent, was 
administered daily to 35 patients for periods averaging 14 months 
and for as long as 25 months. Dosage ranged from 0.075 to 4.8 
mg/day. The majority of patients received clonidine for several 
months, after which a diuretic agent such as chiorthalidone or hy- 
drochliorothiazide was added. A maximal therapeutic response: (nor- 
motension or a decrease of at least 20 mm Hg in mean arterial 
pressure) was attained by 13 of 29 patients (45 percent) receiving 
clonidine alone; 29 of 33 (88 percent) achieved that response on a 
regimen of clonidine plus a diuretic agent. Side “effects of clonidine, 
primarily dry mouth and drowsiness, had diminished greatly by the 
time the diuretic drug was added. Treatment was discontinued in 
only 1 patient who experienced marked drowsiness and dizziness 
with clonidine plus a diuretic agent. l 

It is concluded that clonidine plus a diuretic agent is an extremely 
effective, well tolerated long-term method of therapy in patients with 
moderately severe or severe hypertension. It seems to possess 2 ad- 
vantages over current therapy: (1) Side effects decrease after the 
first 6 months, and (2) it is frequently effective when other antihy- 
pertensive combinations have failed. 


Clinical research with clonidine (Catapres*, brand of clonidine hy- 
drochloride, Boehringer Ingelheim Ltd.) was begun by our group in 
1966, starting with single dose studies.1 Results confirmed earlier re- 
ports?:3 that as little as 75 «g of clonidine administered orally low- 
ered the level of blood pressure within 30: to 60 minutes. The maxi- 
mal decrease occurred within 2 hours; a hypotensive effect persisted 
about 6 hours. Dur short-term studies were followed by a 4-month 
clinical trial in 25 severely hypertensive patients whose mean arterial 
pressure was reduced approximately 23 percent with doses of cloni- 
dine averaging 1.8 mg/day. The effect of adding a thiazide diuretic 
agent to clonidine was also evaluated ina small group of patients 
treated for about 5 weeks, Besides producing a weight. loss in some 
instances, the diuretic agent led to a 15 percent further decrease in 
mean arterial blood pressure. 

Side effects of clonidine consisted mainly of dry mouth and drows- 
iness, which were usually dose-related. Other. minor effects included 
occasional constipation or. dizziness. Orthostatic. hypotension was 
seldom observed. No toxic effects had been noted in patients receiv- 
ing clonidine for various periods. *? 

The purpose of the present study was to assess ‘the value of cloni- 
dine alone and then clonidine plus a diuretic agent in patients re- 
quiring continuous antihypertensive treatment. ‘Thirty-five patients 
were followed up-for periods of 2 to 25 months. 


Methods and Materials 


Patients: Thirty-five hypertensive patients who routinely attended the 
clinic at the District of Columbia General Hospital were selected. The 
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average age was 51 years (range 32 to 70 years). There TABLE | 

“were 23 women and 12 men; 31 were Negro. The majority 
had long-standing moderate or severe hypertensive 
“vascular disease requiring the administration of an 


Clinical Status of 35 Hypertensive Patients 
a a aA At oe Se 






cae : a ; : Arterial pressure (sitting) 201/121 mm Hg 
antihypertensive drug, usually with an added diuretic A a 
agent. Clinical status at the start of long-term clonidine e al pressure:(sitting)? lor mmHg 
_ therapy is summarized in Table I. After a drug-free con- Gra a 9 y 13 patiënt 
l trol period the arterial pressure averaged 201/121 mm Hg Grade 3 29 omic 
(sitting). The majority of patients had electrocardiograph- Cardiomegaly (X-ray film) 30 patients 


ic evidence of left ventricular hypertrophy. Two patients 

= chad a history of congestive heart failure. Myocardial in- 
_. farction, cerebrovascular accident, coronary insufficiency, 
right bundle branch block and peripheral venous insuffi- 


Left ventricular hypertrophy (electrocardiogram) 28 patients 








* Mean arterial pressure =. systolic + diastolic pressure/2 


TABLE II 
-= Thirty-Five Hypertensive Patients Receiving Long-Term Clonidine Therapy (Alone or with a Diuretic Agent) 




















Treatment Mean Arterial Pressure (mm Heyf 
Clonidine Alone Clonidine (C) +- Diuretic Agent (D) Sitting Standing 
+: Case -Age (yr) Dose Duration Dose of © D Duration Con- 
chos © &Sex Diagnosis (range) (mg) (mo) (range) (mg) (final*) (mo) Contro ¢ C+D trol c 
E TOF Mild 0.150-0.225 6.5 ee ot eo 140 126 ate 145 125 wae 
20 AaF Mild re RSS 0.225 Chiorthal. 4.5 135 Sih 105 130 E 105 
3. .68F Mod 0.150-0. 600 3.0 Ior T sie 135 130 ae 135 115 a 
4 ATF Mod Foyda iets 0.300-0.600 = Chliorthal.# 9.5 180 saa 130 180 za 120 
5 62M Mod 0.150-0. 400 6.0 0.600-1.20 Chiorthal. 13.0 190 145 125 190 145 J25 oe 
6 AGF Mod 0.150-1.80 6.0 0.225 Hydrochi. 14.0 170 130 120 150 5 12000) 
7 50F Mod 0.150-0.225 2.0 0.225-0.600  Hydrochi. 1.0 125 145 115 120 145 H5, 
8 SIF Mod 0.225-0.450 3.0 0.225 Hydrochi, 6.0 175 140 110 175 130 100 
9 58F Mod 0.150-0. 225 6.0 0.226-0.600  Hydrochi. 12.5 165: < 140 120 170 140 120 
10 68F Mod 0.150-2.70 6:5. 0, 900~1.20 Chlorthal. 9.0 170 130 120 165 115 120 
1 62F Mod 0.150-0. 450 4.5 0.226-0.900  Hydrochi. 14.5 170-145 110 170 130 105 
12 45F Mod 0.225--3.60 3.0 2,404.80 Hydrochi. 9.5 165 130 120 165 130 120 
2B 47F Mod 0.150-0.600 7.5 0.600 Chlorthal. 8.0 170 125 105 170 110 95 
“14 60M Mod 0.225 1.6 0.225-0.450  Chiorthal. 18.5 155 160 120 160 160 120 


see tee 0.150-3.60 Chlorthal, 18.0 170 a wes 
16 64F Mod 0.225-0.600 1.0 0.225-0.450.  Chlorthal. 17.0 155 140 140 156 140 125 


17. SOF Mod 0.900 5.0 0. 900 Chlorthal. 2.0 170. 145 135 190 140 120 
co 1B 66F: Mod 0.225-0.675 1.0 0.675 Hydrochi. 19.5 135 145 120 135 145 120 
Qe AOR Mod >. bie soon 1.20-1.80 Chlorthal. §.0 185 Bee 120 170 Qar 120 
o 20 AF Mod ` R six 0.300-0.900  Furosem, 21.0 190 bibs 120 190 mer 120 
BLIO AM “Sev 0.300-1.20 2.0 1.20 Chlorthal. 0.5 190 190 153 190 100 HE 
22. 35M Sev 0.225-0,450 1.5 €. 450 Chlorthal. 23.5 145 135° 100 145 140-100. 
23 66M Sev 0.150-0.900 2.0 0. 900-1 .80 Hydrochl. 2.0 180 150 130 180 140 130 
24 51M Sev 0.450-1.20 4.0 0.225 Chlorthal. 19.5 155 135 115 140 135 HS: 


25. 49M Sev 0.225-2.40 4.5 0.075-1.20 Chiorthal. 19.0 175 170 115 175 160 10: 

26... 32M Sev 0.300-0. 600 0.25  0.600-0.900 — Chiorthal. 12.0 155 175 125 155 175 125 
aD SIM Sev 0.450-1.20 2.5 1.20 Hydrochi. 19.0 195 170 115 195 150 Tb. 
RB ABE Sev 0.150-1.20 3.0 1.20-4.80 Chiorthal.’ 20.0 160 165 120 175 160 na 

29. 38F Sev -0,450-1,200 2,0 0.980-1.20 Furosem. 16.0 150 140 100 150 140 100 

“30 37M Sev". 0,450-1.20 1.0 0.225-0.450  Chiorthal. 15.0 150 130 105 160 90 105 


31 42M Sev. 0.225-0.600 2.0 0.600 Chlorthal. 5.0 140 135 105 140 125 105 
32: 45F Sev le vas 0.450-4.80 Furosem. 20.0 185 alte 190 175 ancl 190 
33 46F Sev 0.225-0.900 1.0 170 170 155 170 
0.450-1.80 Furosem. 2.0 195 185 205 185 
34 58F Sev 0.225-4.80 5.0 1.20-1.80 Cyclopent. 4.0 170 150 140 170 140 130 
35 45F Sev 0.450 3.0 0.450-0.600  Chlorthal. 19.5 145 135 115 140 135 15 











* Diuretic (final) abbreviated as follows: chlorthal. <chiorthalidone), hydrochl. (hydrochlorothiazide); furosem. (furosemide); cyclo- 
4 pent. (cyclopenthiazide). In 13 patients, treatment with at least 1 other diuretic agent preceded administration of the final diuretic. 
=. agent (e. that given at the time of the tinal blood pressure determination): hydrochlorothiazide (6); chlorthalidone (4); furosemide (3), 
-=  polythiazide (2); ethacrynic acid (1). One patient each received reserpines; hydralazine’; methyldopa and hydralazine: in addition to. 
<o the final diuretic agent. l 
f if Mean arterial pressure = systolic + diastolic pressure/2. 
~~ © = clonidine; D = diuretic agent. 
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TABLE Il 


a Summary of Data on Treatment with Clonidine Alone and 
- -Clonidine with a Diuretic Agent 


Clonidine 
+ 
Clonidine Diuretic 
(29 patients) (33 Patients) 
Dose of clonidine 
(range) (mg) 0.150-4.8 0.075-4.8 
Duration (mo) 
Average 3.3 12 
Range 1-7 124 
Total for both 
groups 
Mean i 
Range 1-24 
TABLE IV 


Long-Term Therapy with Clonidine Alone and with 
< A Diuretic Agent: Control vs; Treatment Blood 


Pressure Values 


Arterial Blood Pressure (mm Hg) 





Clonidine 

pa 
Control Clonidine Control Diuretic 
(no, = 35) (no = 29} (no. = 35) (no, = 33) 





Sitting 


201/121 178/114 = 206/125 150/97 
“MAP 161 146 166 124 
Difference —15* —42* 
Standing 200/122 164/108 205/126 145/94 
MAP 161 136 166 120 
Difference —25* ~ AG* 





* Highly significant decrease from control value (P <0.01, 
calculated according to 2-tailec: t tests for correlated means). 

MAP (mean arterial pressure) = systolic + diastolic pressure/ 
2. 


ciency, respectively, were previously documented in 5 
cases. Other disorders included renal disease {4 patients) 
and diabetes (3). One patient each had diverticulitis, al- 
coholism with anemia, hypothyroidism, latent syphilis, 
anxiety or drug addiction. Seven patients were obese. 

(oo Observations: Patients were initially examined week- 

Jy and then usually every 2 tọ 4 weeks throughout the 
_ trial.. Arterial blood pressure in the sitting and standing 
_ positions was determined by the auscultatory method, re- 
_-scording diastolic pressure asthe disappearance of the Ko- 
-> rotkoff sounds. Heart rate and weight were determined at 
-- each visit. Routine hematolegic tests and urinalysis were 
performed periodically. 

Dosage and duration: Medications prescribed ineach 
<< case together with dosage and duration are presented in 
Fable IL Of the 35.patients; 29 received clonidine alone 
- for an average. of 3 months. and 33 received the drug com- 
bined with .a diuretic agent for periods averaging 12 

months. Twenty-six. patients received both regimens, 
starting with clonidine to which a diuretic agent was later 
added: 

con The- dosage of. clonidine initially was 0.075 mg 2 or 3 
“times daily, adjusted. periodically according to individual 


TABLE V 


Reduction from Base-Line Mean Arterial Pressure (mm Hg) 
During Long-Term Treatment 








Clonidine 

Clonidine -+ Diuretic 

(28 patients) (33 patients) 

Reduction in MAP no. A no. % 

Sitting* 

Normotension or >20+ 13 45 29 88 

10-19 5 17 83 9 

0-9 11 38 1 3 
Standing 

Normotension or >20+ 16 55 31 94 

10-19 5 17 1 3 

0-9 8 28 1 3 





* The difference between clonidine alone and clonidine with 
an added diuretic was significant at the <0.05 level in favor of 
the combination (x? analysis). 

+ With blood pressure measured in the sitting position, normo- 
tension (MAP. <115 mm Hg) occurred in none of the patients 
taking clonidine alone, whereas 13. obtained normotension while 
taking a clonidine-diuretic combination. In the standing. posi- 
tion, 6 patients receiving clonidine alone became normotensive, 
and 15 became normotensive when a diuretic agent was. added. 


requirements. Various diuretic drugs were added to cloni- 
dine during the prolonged antihypertensive-diuretic trial. 
At the time of the final blood pressure determinations, 33 
patients were receiving: chlorthalidone, 100. mg/day (19 
patients); hydrochlorothiazide, 100 mg/day (9 patients); 
furosemide, 80 to 320 mg/day (4 patients); and cyclopen- 
thiazide, 10 mg/day (1 patient). Dosage and duration of 
clonidine and the clonidine-diuretic therapy are summa- 
rized in Table IH. In addition to the clonidine-diuretic 
regimen, 1 patient each was receiving reserpine or hy- 
Gralazine during the final observation. period. One other 
patient with severe hypertensive disease also received 
methyldopa and hydralazine. Earlier in the study, courses 
of hydralazine had been administered to 2 other patients. 


Results 


Blood pressure values determined in the sitting 
and standing positions during the control period and 
at the end of treatment are shown for each patient in 
‘Table II. The mean arterial pressure—that is, half 
the sum of the systolic and diastolic pressures—is 
given in each case. Average mean pressure values 
were calculated from these data. Treatments were 
compared statistically, using t tests to assess mean 
differences between. groups. The number of patients 
achieving specified blood pressure reductions on each 
regimen was evaluated by means of the x? test. 

Effect on arterial blood pressure: Comparison 
of control (base-line) and treatment blood pressure 
values (Table IV) demonstrates that. clonidine ad- 
rinistered either alone for an average of 3.3 months 
(29 patients) or combined with a diuretic agent for 
an average of 12 months (33 patients) significantly 
reduced the mean. arterial: pressure from control 
values (P <0.01). With clonidine, the mean arterial 
pressure declined. an average of 15 mm Hg during 
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TABLE VI 


Comparison of Clonidine and Clonidine with a Diuretic 
"Agent in 26 Patients 


Arterial Blood Pressure (mm Hg) 





Clonidine 
Clonidine -+ Diuretic 
(no, = 29) (no, = 33) 
Sitting (mm Hg) 178/114 145/93 
MAP 146 119 
Difference —27* 
Standing (mm Hg) 164/108 139/91 
MAP 136 115 
Difference —21* 


* Highly significant difference in favor of the combined treat- 

ment(P <0.01 according to 2-tailed t tests for correlated means). 
MAP (mean arterial pressure) = systolic + diastolic pressure/ 
2. 


sitting and 25 mm Hg during standing, respectively. 
_ Treatment with clonidine and a diuretic agent led to 
` ca mean decrease from control values of 42 mm Hg on 
sitting and 46 mm Hg on standing. 

Reduction from base-line mean arterial pres- 


gure: In individual patients, reductions from base- 


line mean arterial pressure after each treatment were 
evaluated according to these criteria: achievement of 
_normotension or a decrease of at least 20 mm Hg; 
decrease of 10 to 19 mm Hg; and decrease of 0 to 9 
mm Hg. The majority of patients taking clonidine 
with a diuretic agent attained either normal mean 
arterial pressure of 115 mm. Hg or less, or a decrease 
of at least 20 mm Hg from base-line arterial pressure 
values (Table V). With blood pressure measured in 
the sitting position, 29 patients (88 percent) ob- 
-tained this maximal response with the combined reg- 
men compared to 13 (45 percent) receiving clonidine 
_ alone. Differences between the 2 treatments were 
- significant at the 0.05 level. After clonidine alone, 5 
patients had a net increase in mean arterial pressure 


-in the sitting position; 4 patients had a net increase 


in the standing position. 

Comparison of clonidine alone and with a di- 
“uretic agent: It was possible to compare mean 
. blood pressure responses in 26 patients who first re- 


<- eeived clonidine alone and then an added diuretic 


drug (Table VI). Mean treatment differences were 27 
and 21mm Hg, in the sitting and standing positions, 
respectively, thus significantly favoring the cloni- 
dine-diuretic combination (P <0.01). 
Side effects: During the study, 22 of the 25 pa- 
tients reported side effects (Table VID. Although 


«reactions were mild, their incidence was greater in 


patients taking clonidine alone (19 of 29 patients [66 
= percent] compared to 13 of 33 patients [89 percent] 
receiving the clonidine-diuretic combination). How- 
sever, as in other clonidine trials, dose-related drowsi- 
- mess and dry mouth comprised the majority of com- 
_ plaints. These effects tended to develop early during 
clonidine therapy, diminishing gradually and, in 
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TABLE Vil 
Side Effects During Long-Term Clonidine Therapy* 





Clonidine 
A4 
Clonidine Diuretic 


Side Effect (no. = 29) (no. = 33) 





Drowsiness 1 
Dry mouth 
Nausea/vomiting 
Dizziness/orthostatic symptoms 
Palpitations 
Weakness 
Impotence 
Anorexia i 
Constipation x% 2 
Diarrhea i 
Edema ie 1 
Headache 
Insomnia 
Nervousness 
Pain 
Abdomen 
Chest 
Leg 
Shortness of breath i 
“Sinking sensation” in chest ats 1 
ee ee ce ee mae oatece cana 
* During the study, 22 patients complained of one or more side 
effects, 19 while taking clonidine alone and 13 while receiving 
clonidine with a diuretic agent. 
+ One patient discontinued treatment because of severe 
drowsiness and dizziness. 


pet pek. pei pet Pa M BOP M fe o Rt 


p pei pi peat 
























many instances, disappearing completely by the time 
the diuretic agent was added. After 6 months of 
therapy only a few patients continued to have brief 
episodes of mild drowsiness after taking a dose of 
clonidine. 

It was necessary to discontinue the treatment in 
only 1 patient, a man who complained of severe diz- . 
ziness and drowsiness after taking clonidine with hy- 
drochlorothiazide for 2 months. Previously he had. 
tolerated clonidine well. In 1 patient each who expe- 
rienced weakness and chest pain, administration of 
digitalis and a tranquilizer relieved symptoms which. 
were probably not related to clonidine. Palpitations 
in a hypothyroid patient were controlled by adjust- 
ing the dose of thyroid extract. Two patients com-: 
plained of impotence, first while taking clonidine 
alone and, later, while receiving a clonidine-diuretic 
combination. However, in 1 instance, symptoms 
cleared spontaneously as treatment continued. De- 
pendent edema that developed in a woman taking 
clonidine with furosemide was controlled by inereas- 
ing the diuretic dose. We noted that side effects 
could be minimized by gradually increasing the dose 
of clonidine. In the course of study, patients tolerat- 
ed up to 4.8 mg of clonidine well. 

Weight gain was not a problem during the trial; 29 
patients lost an average of about 1 lb while receivin 
clonidine alone; 33 patients administered an added 
diuretic agent for prolonged periods lost an average 
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of 5 lb. Two patients with a history of congestive 
heart failure showed no evidence of edema or weight 
gain attributable to clonidine. 

Laboratory findings: Blood tests obtained in 31 

patients during the control period and subsequently 
during clonidine or prolonged clonidine-diuretic 
treatment, or both, indicated that test values 
(means) during the administration of clonidine for 
periods averaging 3 months did not differ significant- 
ly from control values. Four patients, including 1 
with diabetes, had a transient increase in blood 
sugar with clonidine treatment. Of 5 who exhibited 
¿occasional increases in blood urea nitrogen, 2 had 
= preexisting azotemia which did not progress during 
: the trial. 
Long-term administration of clonidine with a di- 
--uretic agent was associated with a trend toward 
` slight elevations of mean urea nitrogen and uric acid 
values, as well as mean serum glucose levels. While 
i taking the combination, 1 of 3 patients in the trial 
with diabetes had hyperglycemia and required an in- 
crease in tolbutamide dosage. One other received 
:» Golchicine to control symptomatic gout related to di- 
uretic treatment. None had to discontinue medica- 
tion because of abnormalities in laboratory test 
values. 

Glucose tolerance: To evaluate further the com- 
parative effects of clonidine alone and combined 
with a diuretic upon carbohydrate metabolism a sep- 
arate study of glucose tolerance was preformed. 
Eight hypertensive nondiabetic subjects who did not 
participate in the long-term trial received each of the 


following, daily for 1 month; placebo; clonidine, 0.15 


= mg 3 times daily; chloerthalidone, 100 mg daily. At 
the end of each month’s treatment, a single dose of 
test medication was administered to the fasting pa- 
tient. A control blood specimen was then drawn 
within 90 to 120 minutes. Dextrose, 100 mg orally, 
was next administered; blood samples were obtained 
at 30, 60, 120 and 180 minutes. Serum glucose levels 
were determined according to the method of Somo- 
gyi.8 Comparison of mean serum glucose levels with 
each treatment to values obtained with placebo ad- 
ministration and all other treatments (Table VII) 
disclosed only 1 difference; a significantly higher 
mean serum glucose level was recorded during the 
clonidine-chlorthalidone. control period as compared 
to placebo (P <0.05, t test for correlated means; 2- 
tailed probability). Because there were no differences 
at any interval after dextrose administration, no 
clinical significance was attached to this finding. 
None of the patients had abnormal glucose tolerance 
tests. From these results, we concluded that cloni- 
dine administered alone or combined with chlorthal- 
idone did not affect glucose tolerance during the pe- 
riod studied. 


Discussion 


From the data presented the combination of cloni- 
dine plus a diuretic agent appears to be an effective 
and relatively nontoxic long-term method of therapy 
for patients with moderately severe or severe hyper- 


tension. The observation that normotension or a re- 
duction of more than 20 mm Hg in the mean arterial 
pressure was attained in 88 percent (29 of 33) of 
these patients attests to the efficacy of this combina- 
tion. The fact that the combination had to be 
discontinued in only 1 patient over a 25 month peri- 
od attests to the safety and lack of toxicity. 

The greater therapeutic response when a diuretic 
agent was added, as well as the observation that 
drug resistance was more frequent when clonidine 
was administered by itself, would suggest that cloni- 
dine should not be given alone but always be admin- 
istered in combination with a diuretic drug. Previous 
studies from this laboratory? have demonstrated 
that repeated administration of most antihyper- 
tensive agents-—-methyldopa, hydralazine, diazoxide 
as well as clonidine—is associated with sodium re- 
tention which leads to expansion of the extracellular 
fluid volume and a subsequent decrease in antihy- 
pertensive response. This apparent drug resistance 
(expanded extracellular fluid volume) can be pre- 
vented by the concomitant use of diuretic agents and 
overcome by the addition of diuretic agents. The 
concomitant use of a diuretic agent with clonidine 
also permits use of a lower dosage, which is particu- 
larly important in the beginning months of therapy 
when drowsiness and dry mouth are annoying. 

It is important to emphasize that the side effects 
associated with clonidine significantly decreased 
after the first 4 to 5 months of therapy and frequent- 
ly disappeared entirely by the end of the first year. 
From a practical standpoint, therefore, patient 
acceptability was better during the second year than 
during the first. In this regard, after the first 6 to 8 
months of therapy the dosage of clonidine could be 
increased without increasing the side effects as long 
as the dose was increased gradually. At this stage, 
therefore, the antihypertensive effect could be signif- 
icantly increased without increasing side effects. 

Comparison with other antihypertensive ag- 
ents: From the antihypertensive standpoint, cloni- 
dine has been reported to be as effective?! or even 
more effective!? than methyldopa. The latter obser- 
vation was based upon a controlled study in which a 
diuretic agent was used concomitantly. Side effects 
such as drowsiness, dry mouth and constipation 
tended to be more frequent with clonidine alone. 11-142 
After administering clonidine and methyldopa in a 
double-blind fashion to hypertensive patients receiv- 
ing a diuretic agent, we concluded that efficacy 
was comparable and that mild side effects associated 
with each regimen were similar in type and frequen- 
cy. Each: combination was superior to the diuretic 
agent given alone. Particularly significant was the 
observation that clonidine plus a diuretic agent was 
effective when other antihypertensive agents, such as 
guanethidine, methyldopa or hydralazine were not 
effective. These observations are in agreement with 
findings of other authors* who have suggested that 
clonidine plus a diuretic agent may be more effective 
than similar combinations with reserpine or guan- 
ethidine.!:7 
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HISTORICAL MILESTONES 





_ J. J. Woodward (1870) on the Histology and 
-Photomicrography of Minute Blood Vessels 


SAUL JARCHO, MD 


New York, New York 


The great nineteenth-century studies of inflamma- 
tion, especially those of Augustus Volney Waller and 
© Julius Cohnheim, owed much of their excellence to 
¿othe fact that they relied heavily on observations 
‘made during inflammations induced in living ani- 
mals. It was in this way that diapedesis was discov- 
ered. Diapedesis, however, required a structural sub- 
. gtrate, and this required exploration by morphologic 
“methods. 

Joseph Janvier Woodward (1833-84), an American 
army doctor, had studied with the leading physicians 
of Philadelphia, including W. E. Horner, a noted mi- 
~~ eroscopist. During the 9 years that immediately pre- 
<: ceded the Civil War he published several articles on 
| microscopy and morbid anatomy. Entering the 
army, he was soon assigned to the new Army Medi- 
“cal Museum, where he rapidly became famous as a 
_ photomicrographer. Attracted to the subject of in- 
< flammation, he conducted a series of experiments, 
which he reported through official channels to Sur- 
geon General Joseph K. Barnes.? 


Excerpts from Woodward’s Report 


Army Medical Museum, 
Microscopical Section, 
July 6, 1870 


BREVET MAJOR GENERAL J. K. BARNES, 
Surgeon General, U.S. Army. 


GENERAL: Having recently been occupied in the ceriti- 
cal examination of certain preparations, in the Microscop- 
ical Section of the Museum, illustrative of the minute 
anatomy of the bloodvesseis, I have thought that some of 
> them threw so much light on certain points involved in 
“the recent discussions with regard to the doctrine of in- 
` flammation, that a short account of them would be of in- 
’ terest, and might perhaps do good ‘service, in connection 
with the appreciation of the conflicting statements which 
have appeared in the Medical Journals since the publica- 
tion of the paper of Dr. J. Cohnheim,? on inflammation 
and suppuration. 

Perhaps the observations of Cohnheim must fairly be 
regarded as elaborations of the previous experiments of 

This.study was based on research assisted by Grant HL-10948 
from the National Institutes of Health. 

Address for reprints: Saul darcho, MD, 35 E. 85th St, New 
York, N.Y. 10028. 


Dr. Augustus Waller, but certainly they produced an im- 
pression upon the medical world far beyond that made by 
the papers in the Philosophical Magazine,? and more or 
less complete accounts of the conclusions arrived at by the 
distinguished Berlin observer have continued to appear, 
from time to time, in both foreign and American Medical 
Journals, ever since the publication of his paper in 1867. 

Recently protests against’ these conclusions. have ap- 
peared in various quarters, among which particular refer- 
ence may be made to the paper of Prof. Koloman Balogh, 
of Pesth, published in 1869,4 and that of Dr. V. Feltz of 
Strasbourg, in 1870.5 Both these authors have failed to see 
the white blood corpuscules pass through the coats. of the 
small vessels in the manner described by Cohnheim, and 
deny the existence of stomata, between the cells of the 
vascular epithelium, large enough to permit such a wan- — 
dering to occur. 

It is well known to you General, that after I had perused 
Cohnheim’s paper I procured a number of frogs, and hav- 
ing on hand a small quantity of Wourara, the gift of my 
friend Dr. S$. Weir Mitchell of Philadelphia, I carefully re- 
peated many of the experiments described. I received the 
impression from what I saw that Cohnheim was a most 
conscientious observer, who had described as faithfully as 
possible the impressions: made upon him. Certainly the 
results I obtained, by following his metheds of producing 
inflammation in the cornea.and mesentery of frogs, could 
be described in his very language without drawing upon 
the imagination. Nevertheless my other duties did not. 
leave me sufficient time for an exhaustive research in this 
difficult domain, and it is far from my present purpose to 
enter into a critical discussion of the subject. It is simply 
my desire to offer a brief description, illustrated by 
Photo-micrographs,. of certain preparations in the Micro- 
scopical Section of the Museum, which bear upon some of 
the points involved, and thus to contribute what is in my 
power towards the important object of arriving at cer- 
tainty with regard to the facts:on which of our future theor- 
ies of inflammation are torest. 

Most of the preparations here referred to are examples 
of the results attainable by staining the tissues with a di- 
lute solution of the nitrate of silver: This reagent has been 
employed for various histelogical purposes during the last 
ten years, and has attracted attention especially. in con- 
nection with the cornea, the various forms of connective 
tissue, the ultimate branches of the lymphatics and the 
boundaries of the cells which constitute epithelial surfac- 
es. General attention was first drawn to its use by Dr. F. 
von Recklinghausen, of Berlin, in 1860, and further par- 
ticulars were contributed during 1861, by Prof. His, of 
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Fig. 1. Photomicrograph of venous radicles uniting to form a 
small vein in muscular coat of urinary bladder of frog. Silver ni- 
trate and carmine. 400X. a, nuclei of vascular epithelium: b, 
nuclei of the muscular fibre-cells; c, nuclei of connective tissue. 


Basel,’ who would appear to have already employed the 
reagent for several years. In 1862 Von Recklinghausen 
published his work on the lymphatics,® which contains a 
detailed account of many elaborate experiments with re- 
gard to the action of silver solutions on the tissues... . 

If a dilute solution of nitrate of silver is brushed over a 
clean epithelial surface taken from a recently killed ani- 
mal, and the tissue after washing with distilled water is 
exposed for a short time to the action of sunlight, it will 
be found on microscopical examination that a brownish 
black precipitate of silver has been produced at the 
boundaries of the epithelial cells, while the cells them- 
selves are comparatively but little stained, or if thesma- 
nipulation has been carefully conducted, are not stained 
at all. For this purpose I have most frequently employed, 
at the Museum, a solution made by dissolving one part of 
crystallized nitrate of silver in four hundred parts of dis- 
tilled water, but considerable variation on either side of 
this strength does not much modify the result, provided 
the solution is well washed off before the tissue is exposed 
tothe light .... 

The silver staining having been successfully accom- 
plished, the nuclei are tinted preferably by the solution of 
carmine in borax, described by Thiersch in his work on 
epithelial cancer®.... 

After these preliminary remarks, I proceed at once to 
the description of the photographs. 


I. Photograph [Fig. 1] representing several venous 
radicles uniting to form a small vein, in the muscular 
coat of the urinary bladder of the frog. Negative No. 
102, New Series. From preparation No. 3378, Microscopi- 
cal Section. Magnified 400 diameters by Wales’s gth ob- 
jective, illuminated by the Magnesium lamp. The prepa- 
ration was made by Dr. J. C. W. Kennon. 

The principal venous trunk represented in this photo- 
graph is 1-400th of an inch in diameter. It is formed by the 
union of three smaller radicles, of which that on the left 
hand is much out of focus. Another smaller radicle, also 
much out of focus, joins the trunk on the left, near the 
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bottom of the picture. The walls of the venous trunk, and 
of those of its branches which are in focus, are plainly 
seen to be formed of somewhat irregular epithelial cells, 
which vary in shape and size, averaging 1-500th of an inch 
in length and 1-2200th in breadth. The boundary of each 
cell is indicated by a zigzag black line. In each of the cells 
which is accurately in focus, a smooth, oval nucleus, 1- 
2800th of an inch in length, is visible. In examining the 
original preparation, by changes in the fine adjustment of 
the microscope, similar nuclei can be seen in each of the 
epithelial cells. These nuclei, being brilliantly stained 
with carmine, contrast sharply with the black cell- 
boundaries resulting from the silver imbibition. By a still 
further alteration of the fine adjustment, the cells and nu- 
clei of the opposite side of the vein are brought into view. 

In the tissue external to the vein, two kinds of nuclei 
are shown in the photograph. The first are narrow and elon- 
gated, averaging about 1-1500th of an inch in length 
and 1-9000th in breadth. These are the nuclei of the fibre 
cells of the muscular coat of the bladder. The fibre cells 
themselves are not shown in carmine stainings, but are 
readily demonstrated in fresh preparations by the action 
of solutions of osmic acid, or of chloride of gold. Indica- 
tions of the muscular bands formed by the union of these 
fibre-cells are, however, seen in the photograph, particu- 
larly on each side of the principal venous trunk. The sec- 
ond variety of nuclei are oval, about 1-3000th of an inch 
long, and belong to the connective tissue of the bladder. 
The cells in which these nuclei lie are not seen, the action 
of the carmine being limited to the nuclei. They can, 
however, readily be demonstrated in fresh preparations by 
gold-chloride and some other reagents. The cut represents 
the outlines of a portion of the photograph; a, a, are the 
nuclei of the vascular epithelium; b, b, the nuclei of the 
muscular fibre-cells; c, c, those of the connective tissue ... 


III. Photograph [Fig. 2] representing the stomata be- 
tween the epithelial cells of a vein 1-50th of an inch in 
diameter in the mesentery of the frog. Negative No. 40, 
New Series. From preparation No. 3276, Microscopical 
Section. Magnified 400 diameters by Wales’s tth objec- 
tive. The preparation was made by myself. 

Owing to the curved form of the vein, but a small por- 
tion of its surface is in focus. In this portion the silver 
stained boundaries of several of the epithelial cells of the 
vein are visible, and display in their course certain re- 





Fig. 2. Stomata in vein of frog's mesentery. a, epithelial cell of 
vein; b, boundaries of adjacent cells; c, stomata. Photomicro- 
graph, 400. 
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Fig. 3. Artery and capillaries in urinary bladder of frog. a, nu- 
clei of vascular epithelium; b, nuclei of muscle; c, nuclei of 
connective tissue. Photomicrograph, 400. 


markable forms, which may be compared to the Wormian 
bones of the cranial sutures. These are the so-called sto- 
mata. They are irregularly rounded in form, and vary 
from the 1-10000th to the 1-4000th of an inch in long di- 
ameter. Those shown in the photograph present a clear 
central space, bounded by a sharp, black outline, which is 
sometimes even thicker than the boundaries of the cells 


©. themselves. The nuclei of the epithelial cells are not 


shown. The cut exhibits one of these cells, a, with por- 
tions of the boundaries. of adjacent cells, b, b, b, and the 
- stomata, ¢,c,¢,.... 


VI. Photograph [Fig. 3]. representing a minute ar- 
tery, with part of the adjoining net-work of capillaries, 
from the muscular coat of the urinary bladder of the 
frog. Negative no. 220, New Series. From, Preparation 
No. 3378, Microscopical Section. Magnified 400 diameters 
by Wales’s 1th objective. The field is crossed by a small 
artery, 1-1700th of an inch in diameter. Its epithelial cells 
are longer in proporticn to their width than those of the 
veins. They average 1-400th of an inch in length, and have 
nuclei similar to those of the venous epithelium. Wherever 
the capillaries come into focus the epithelium of their 
walls is also plainly shown, In the intervascular spaces the 
nuclei of the muscle and connective tissue appear as in 
the first photograph. The cut presents an outline of a part 
of the picture; a, a,.are the nuclei of the vascular epitheli- 
um; b, b, those of the muscle; c, c, those of the connective 
tissue.... 

... the question of the true meaning of the so-called sto- 
mata next demands consideration. They are to be ob- 
served most. abundantly, as may be inferred from the pho- 
tographs described, in veins of moderate size. I have found 
them largest and most numerous in veins 1-50th of an 
inch in diameter or even larger, and they become smaller 
and rarer in smaller branches. They are comparatively in- 
frequent in the capillaries and still more so in the small 
arteries; the Museum however, possesses preparations 
showing them in both. I have moreover concluded from 
my own observations that in number and size they vary in 
vessels of the same dimensions in different parts of the 
body. Thus, for example, in the veins of the mesentery of 


the frog they are larger and more abundant than in veins 
of the like dimensions in the urinary bladder of the same 
animal. 

In figure they are rounded, oval or oblong. I have mea- 
sured them as large as 1-4000ths of an inch in diameter, 
but smaller ones 1-5000ths to 1-6000ths of an inch are 
more common and the smallest and most frequent do not 
exceed 1-10000ths of an inch. Sometimes they present 
clear centres sharply mapped out by black boundaries, 
sometimes forms of the same size and character are 
opaque and black throughout, and this has been inter- 
preted as due to variations in the composition of the fluid 
by which the cpening is occupied, which sometimes 
precipitates the silver solution while at other times it does 
not, and the action is limited to the solid margins of the 
pore. They are almost invariably found in the marginal 
line between adjacent epithelial cells, and the rare cases 
in which I have observed them apparently in the cells 
themselves, are probably.to be explained by the adjacent 
margins having from some cause escaped the influence of 
the silver salt. From my study of these peculiar inter-cel- 
lular forms, I aim inclined to regard with favor the opinion 
that they are actual openings in the epithelial layer. It 
may aid others in arriving at a conclusion on the subject, 
if I here present. a photograph of the stomata in the exter- 
nal epithelium of the skin of the frog through which, as is 
well known, a repid transudation of liquid habitually oc- 
curs. 


X. Photograph [Fig. 4] representing a silver staining 
of the external epithelium of the frog’s skin. Negative 
No. 22, New Series. From preparation 3036, Microscopical 
Section. Magnified 400 diameters by Wales’s %th. The 
preparation was made by myself. .... The cells are hexag- 
onal in shape and average 1-1300th of an inch in diameter. 
Many of the nuelei have been somewhat tinted by the sil- 
ver, a circumstance which is not unfrequent if the silver 
action is.intense. In the boundaries of the epithelial cells 
may be seen very many little rings, with black margins 
and clear centres, averaging 1-5000th of an inch in diame- 
ter, and also many similar forms, of the same size and oc- 
cupying like positions, which are quite black and opaque 
throughout. In some parts of the preparation, from which 
the photograph was taken, almost all the rings are black 
and opaque, while in other portions almost all present 
clear centres. The view which regards these rings as true 
pores certainly appears to me to require fewer supposi- 
tions than any other. The cut represents an outline of a 
portion of this photograph; a,a, the nuclei of the epithelial 
cells, b,b, the stomata; c;c, stomata which have become 
black and opaque throughout. It has been urged, however, 
by Balogh, that even if the stomata described in the vas- 





Fig. 4. External epithelium. of frog's skin. a, nuclei of epithelial 
cells; b, stomata; c, stomata opacified by stain. Photornicro- 
graph, 400 x. 
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= cular epithelium are admitted as such they are not large 
< enoùgh to permit the passage of the white blood corpus- 
~ cles which, as is well known, average about 1-3000th of 
_ an inch in diameter. But even if we discard the supposi- 
tion that the pores may be stretched open and made larg- 


= er -by the distended condition of the vessels of inflamed 


parts, there appears to me no difficulty in understanding 
how a white corpuscle might pass through the smallest of 
the stomata I have described. An opening 1-10000th of an 
inch in diameter is only a little less than one-third the av- 
erage diameter of the white corpuscles, and any one who 
‘Has seen the extraordinary modifications of form which 
these little masses of protoplasm undergo in the course of 
their so called “amoeboid movements,” would readily 
credit their capability of passing through such apertures. 
As the amoeboid movement does not occur in the white 
corpuscles while rolled along in the torrent of the circula- 
tion, but only when the movement of the blood is arrested 
more or less completely, the fact that large numbers of 
white corpuscles do not habitually pass through the vas- 
cular walls into the tissues will not militate against the 
~~ notion of patulous orifices. That a passage of the white 
blood corpuscles through the vascular walls does actually 
occur, is shown by the next picture. 


XI. Photograph representing white corpuscles in 
various phases of the amoeboid movement, in the ex- 
=< ternal coat of a small vein of the muscular coat of the 
stomach of a mare. Negative No. 46, New Series. From 

preparation No. 3382, Microscopical Section. Magnified 
400: diameters by Wales's %th objective. The preparation 
~was.made by Dr. E. M. Schaeffer. 

This preparation is one of a number of sections made 
from the stomach of a mare dead of gastroenteritis. In 
these sections, which are stained with carmine and 
mounted in Canada balsam ... it was found that many of 

‘ the small veins of the sub-peritoneal connective tissue and 
of the muscular coat were surrounded by white corpuscles 
fixed in all stages of the amoeboid movement. In a num- 
ber of places where the sections pass transversely throagh 
the veins, the white corpuscles can be observed in the in- 
terior of the vein, and inthe vascular walls as well as in 

. the adjacent tissue. The series of preparations gives a sat- 
 isfactory demonstration ‘of the wandering of the white eor- 

“puscles. I have made efforts to preserve the frog's mesen- 
tery permanently, in a number of the cases in which I have 
observed the same process in that membrane, but hitherto 
without success. 

It will be seen from the foregoing details that, so far as 
the structure of the vascular walls and the passage of the 
“white corpuscles through. them -are concerned, the fects 
- appear to be on the side-of Cohnheim. How then with re- 
gard to the doctrine of inflammation which he builds 
upon these facts and upon his corneal studies? Does the 
creeping out of the white corpuscles constitute the essence 
of the inflammatory process? Do these little moveable 
masses of living protoplasm furnish the germs for the ele- 
ments of new formations? Have pus corpuscles no other 
origin? Are the processes which go on in the cells of the 
inflamed tissue purely passive, mere phenomena of retro- 
grade metamorphosis? 

I find the evidence insufficient as yet to afford satisfac- 
tory answers to such questions. The observations made by 
= Cohnheim on the connective tissue corpuscles of the ten- 
gue ofthe frog are not conclusive in themselves, and 

‘Stricker’s studies on the same subject?° show the necessi- 

“ty of further labor in this direction before the possible 
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multiplication of these elements in inflammation can be 
denied. As to the doctrine that the white corpuscles, after 
their escape from the bloodvessels, are transformed into 
the elements of normal or pathological tissues, the facts 
hitherto brought forward can scarcely be said to do more 
than raise it to the rank of an ingenious hypothesis. The 
actual steps of this transformation, if it does occur, have 
yet to be observed. 

In conclusion I may remark that, as the preparations 
referred to in this paper form a portion of the Microscopi- 
cal Collection. of the Museum, they can be examined by 
any professional microscopist who may visit that institu- 
tion. 

The photographs which accompany this paper were pre- 
pared by myself in accordance with the methods de- 
scribed on former occasions. 

Thave the honor to be, General, 
Very respectfully, 
Your obedient servant, 
J. J. WOODWARD, 


Assistant Surgeon and Brevet 
Lieutenant Colonel, U.S. Army, 

In charge of the Record and Pension 
Division, and of the Medical, 
Microscopical and Comparative 
Anatomy Sections of the Army 
Medical Museum. 


Comment on Woodward 


Woodward's statement is a formal military report, 
addressed to his superior, Surgeon General J. K. 
Barnes, Hammond’s successor, who presided over 
the preparation, publication and distribution of the 
Medical and Surgical History of the War of the Re- 
bellion, and who gained worldwide fame for the med- 
ical corps of the U.S. Army by sending copies of the 
massive 6-volume work to influential scientists and 
teachers in foreign countries. 

Woodward’s introductory paragraphs are in effect 
a brief historical retrospect, which acknowledges the 
contributions of Augustus Volney Waller and the 
later and greater contributions of Julius Cohnheim 
to extant knowledge of inflammation. Both of these 
scientists had demonstrated the diapedesis of leuko- 
cytes; a few later observers had failed in efforts to | 
confirm this. Using “‘wourara” (curare) obtained 
from Silas Weir Mitchell of Philadelphia, Woodward 
had successfully repeated Cohnheim’s in vivo experi- 
ments and had confirmed his observations. 

Diapedesis being the crux, Woodward now pro- 
ceeded to study it by histologic methods, chiefly by 
staining with silver nitrate and counterstaining with 
carmine. He recorded his findings by photomicrogra- 
phy, a technique in which he was one of the world’s 
outstanding experts. Several of the photomicro- 
graphs, taken.at magnification of 400 diameters, re- 
vealed the presence of intercellular stomata, lending 
support to Cohnheim’s observations. 

Knowledge of inflammation, starting from the 
vague implication or guess that bloodvessels are in- 
volved, had advanced to specific and minute obser- 
vations which described the location and character 
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of the involvement in great detail. A basic principle 
of human disease was now reaching clarification. 


Note 


This is the seventeenth and final paper in the historical 
subseries on inflammation which was started in the Febru- 
ary 1970 issue of this Journal. The regular historical series 
will be resumed in the December 1972 issue. 


H 
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A 42 year old man who entered the hospital because of chest pain 
suggestive of a myocardial infarction died suddenly on the fourth hos- 
pital day. Postmortem examination revealed an old ventricular 
aneurysm with rupture through a secondary aneurysm. The left coro- 
nary artery revealed an old occlusive lesion and a more recent occlu- 
sion approximately 2 cm from the coronary orifice. Rupture of a 
chronic true left ventricular aneurysm, a rare event, was the direct 
cause of death. 


Rupture of the left ventricle leading to cardiac tamponade is the 
cause of death in 5 to 10 percent of fatal acute myocardial infarc- 
tions. The highest incidence of this complication is during the first 
week.1-3 Less commonly, an initial cardial rupture may lead to the 
development of a false aneurysm and delayed fatal hemopericardium 
may occur through rupture of the false aneurysm.* The least com- 
mon form of cardiac rupture is through a true ventricular aneurysm.? 
Because of this unusual occurrence, the following case is reported. 


Case Report 


A 42 year old man was admitted to Parkland Memorial Hospital on 
March 5, 1969 with a history of 12 hours of severe substernal pain radiating 
to the left arm. Attacks of angina pectoris began in 1965, and an acute 
myocardial infarction occurred in 1966. Hypercholesterolemia was diag- 
nosed at the time of the myocardial infarction. On discharge, the patient 
was receiving digoxin, nitroglycerin, warfarin and clofibrate in addition to a 
low cholesterol diet. The prothrombin time ranged from 18 to 25 seconds 
with a control time of 11 seconds. There was no family or personal history 
of diabetes mellitus, hypertension or premature coronary artery disease. 

On admission the patient was diaphoretic and complained of severe pre- 
cordial and left shoulder pain. The blood pressure was 140/80 mm Hg, 
pulse was 110/min, respiration 18/min and temperature 98.6 F. The neck 
veins were distended, and inspiratory moist rales were present at both lung 
bases. The cardiac examination was normal except for the presence of an 
atrial gallop sound. 

A chest roentgenogram showed the cardiac silhouette to be normal. The 
electrocardiogram revealed evidence of both an old inferior wall and an 
acute anterolateral wall myocardial infarction. The central venous pressure 
was 25 cm H20 but decreased to less than 10 cm after the first day. 

Laboratory values were as follows: hemoglobin 13.1 g/100 ml; hematocrit 
40 percent; white blood cell count 12,800 per mm? and blood urea nitrogen 
13 mg, creatinine 1.1 mg, cholesterol 210 mg and nonfasting blood sugar 166 
mg/100 ml. The sodium was 140 mEq, potassium 4.0 mEq, chloride 100 
mEq and bicarbonate 26 mEq/liter. The serum glutamic oxaloacetic trans- 
aminase (SGOT) was 126 units on admission, and 32, 79 and 80 units, re- 
spectively, on successive days. The prothrombin time ranged from 19 to 
23.5 seconds with a control time of 10 seconds. 

Intital therapy included administration of morphine sulfate, diphenyl- 
hydantoin and furosemide. Subsequent therapy included administration 
of digoxin, diphenylhydantoin and warfarin. Within 24 hours the central 
venous pressure fell to normal levels, the pulse remained between 80 to 94/ 
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site of 
rupture. 





FIGURE 1. The heart viewed from the anterior surface. A left 
ventricular aneurysm (A) is present at the cardiac apex. In the 
center of the aneurysm is the secondary aneurysm which was 
the site of rupture. LAD = left anterior descending coronary ar- 
tery; LV = left ventricle; RV = right ventricle. 


min; and the chest pain subsided within 12 hours. No rales 
were heard after the first day, and there were no abnormali- 
ties of cardiac rhythm. On the evening of the fourth hospital 
day, the patient had a cardiac arrest and died. 


Pathologic Findings 


The pericardial sac was markedly distended. The cause 
of the hemopericardium was a posteriorly located rup- 
tured left ventricular aneurysm. Upon opening the peri- 
cardial sac 200 ml of fresh blood was present. A 500 ml 
hematoma enveloped the heart completely. The hemato- 
ma was not organized and was easily removed from the 
epicardial surface. Further inspection of the pericardial 
sac revealed a sharply circumscribed, elevated and brown- 
ish colored shaggy pericardial surface approximately 1.6 
cm in diameter in the apical posterior region of the left 
ventricle. 

A ventricular aneurysm, 5 cm in diameter, composed of 
dense scar tissue ranging in thickness from 3 to 7 mm, in- 
volved at least 30 percent of the left ventricle. Superim- 
posed on the ventricular aneurysm was a secondary aneu- 
rysm, 2 cm in diameter, which protruded from the pri- 
mary aneurysm in a posterolateral and inferior direction 
(Fig. 1). The wall of the secondary aneurysm was com- 
posed entirely of scar tissue measuring 1 mm in thickness. 
A 3 mm linear tear was present within the wall of the sec- 
ondary aneurysm and was the site of myocardial rupture 
(Fig. 2). The myocardium above the level of the primary 
apical aneurysm was hypertrophied and measured 20 mm 
in thickness. Sections through this area failed to reveal 
any lesions of acute myocardial infarction. 

Microscopically, multiple sections through both the pri- 
mary and secondary ventricular aneurysms revealed no 
evidence of acute myocardial infarction. The walls of the 
aneurysms were com posed entirely of dense scar tissue. 

The right coronary artery was patent throughout its 
course and was predominant. Only slight atherosclerosis 
was found in this vessel. Exploration of the left circumflex 


coronary artery also revealed only slight atherosclerosis. 
The left anterior descending coronary artery contained a 
reddish-purple thrombus occluding the lumen approxi- 
mately 2 cm from its origin. Microscopically the thrombus 
was undergoing organization, and the pathologic changes 
were consistent with ocelusion of approximately 2 weeks’ 
duration. Distal to the site of the thrombus there was a 95 
to 98 percent narrowing representing an old coronary oc- 
clusion with some recanalization. The intima was densely 
hyalinized, but a minute lumen remained. This latter 
finding was consistent with the history of myocardial in- 
farction 3 years earlier. Despite the recent occlusion there 
were no myocardial changes consistent with recent infarc- 
tion. 

The following may now be proposed on the basis of the 
pathologic findings: Three years before the final admis- 
sion, the patient sustained an acute left anterior descend- 
ing coronary thrombosis, and an apical transmural myo- 
cardial infarction occurred. Subsequently a 5 cm diameter 
ventricular aneurysm developed. Between 2 weeks and the 
time of the final admission a second coronary thrombus 
developed in the left anterior descending artery approxi- 
mately 2 cm from its origin. This occlusion weakened the 
wall of the primary aneurysm and thus led to the develop- 
ment of a secondary aneurysm. The terminal event was a 
rupture of the secondary aneurysm producing cardiac 
tamponade. 


Discussion 


Myocardial infarction as a consequence of coro- 
nary artery disease is the most common cause of left 
ventricular aneurysm. Other causes include blunt 
and penetrating trauma®:® and abscess formation 
secondary to infection.” There is a congenital 
form, and a peculiar form of aneurysm indigenous 
to certain African tribes of Nigeria. 19-1 

Pathologically, ventricular aneurysms have been 
characterized as true or false. The wall of a true an- 
eurysm is composed entirely of left ventricular myo- 





FIGURE 2. Interior aspect of the left ventricle with viable 
myocardium (LV) at the top and fibrous scar comprising the 
wall of the primary aneurysm below. The dark area within the 
wall of the primary aneurysm represents the secondary aneu- 
rysm. The probe {P} passes through the site of rupture. 
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cardium and scar tissue. This form of aneurysm is a 
relatively common consequence of transmural myo- 


A cardial infarction and presents as a broad-based sac- 
_ cular dilation of the left ventricular wall.12 


_ A false ventricular aneurysm represents a localized 
rupture of the left ventricle into an overlying area of 
_ adherent pericardium with organization of the re- 
-sulting hematoma to form a containing wall cf fi- 
brous tissue. The wall of a false aneurysm contains 
no myocardial elements®-12 and often appears as a 
narrow-necked saccular dilation of the ventricle. The 
“rarity of chronic false aneurysm is attributable to the 
-low survival rate of patients who sustain a rupture of 





_ the left ventricle. Even if the patient does survive 
the initial myocardial rupture, subsequent rupture 


through the relatively thin wall of organized hemato- 
mais not uncommon. 


Late rupture of a true aneurysm of the left ventri- 
cle is a rare event. The fibrous scar composing the 
wall of a true ventricular aneurysm is usually quite 
strong and is able to withstand the pressures gener- 
ated by the remaining left ventricle. Death of pa- 
tients with true left ventricular aneurysm is most 
commonly due to recurrent myocardial infarction, 
progressive heart failure or systemic emboli from 
thrombus formation within the aneurysm.5 

Rupture of a true ventricular aneurysm was the 
direct cause of death in the case discussed. Although 
chest. pain occurred 4 days before death, the post- < 
mortem examination suggested that the new coro- 
nary occlusion may have been 2 weeks old. It is pos- - 
tulated that the recent infarction weakened the wall 
of the ventricular aneurysm, thus leading to rupture 
and cardiac tamponade. 
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Four cases of ventricular tachycardia associated with hypokalemia 
are presented. The tachycardia in each case was resistant to con- 
ventional drug therapy and direct-current cardioversion. Atrial pacing 
quickly restored normal rhythm in each case. Atrial pacing should be 
considered in the therapy of resistant ventricular tachycardia when 
hypokalemia is suspected. In cases with proved hypokalemia atrial 
pacing, by controlling ventricular tachycardia, permits unhurried res- 
toration of normal serum potassium levels. 


Ventricular tachycardia is one of the most serious complications of 
hypokalemia.1~5 Although electrolyte replacement has been advocat- 
ed as the treatment of choice under these circumstances, 3:46 it is 
often essential to abolish the tachycardia before adequate potassium 
replacement can be attained. oie 

The present report evaluates the effectiveness of atrial pacing in 
the treatment of 4 cases of ventricular tachycardia associated with 
hypokalemia. 


Case Reports 


Case 1; A 71 year old woman was brought to the emergency room after 
she became unconscious during a telephone conversation. She had syncopal 
episodes preceded by palpitations 10 days before admission. Six months 
earlier, hypertension was noted, and she was treated with Hygroton® (chlor- 
thalidone), 50 mg daily. This therapy was continued until the time of ad- 
mission. The patient denied previous diabetes mellitus, angina pectoris or 
symptoms cf congestive heart failure. There was no history of cigarette 
smoking, excessive alcoholic intake or emotional instability. 

Physical examination demonstrated an alert woman with a pulse of 68/ 
min., frequent premature beats and a blood pressure of 140/90 mm Hg. 
During the examination she became unconscious and hypotensive. The 
electrocardiegram showed ventricular tachycardia (Fig. 1). After synchro- 
nized direct-current cardioversion produced’ only a transient return to sinus 
rhythm, the patient was given twice a 100 mg bolus injection of lidocaine 
intravenously, followed by infusion of 4 mg of lidocaine per minute, 250 mg 
of procainamide intravenously and 1 mg of propranolol intravenously. Be- 
cause of persistent ventricular tachyeardia associated with hypotension, at- 
rial pacing was initiated. A floating pacemaker catheter (Elecath model no. 
561) was inserted percutaneously through the subclavian vein into the right 
atrium with the aid of electrocardiographic monitoring. Atrial pacing at a 
rate of 100/min suppressed ventricular automaticity completely and re- 
sulted in a prompt return of the blood pressure and sensorium to normal, 

Laboratory findings at the time of admission included a serum potassium 
level of 2.5 mEq/liter and a blood urea nitrogen value of 30:-m¢g/100 ml. 
After 100 mEg of potassium chloride had been infused over a period of 4 
hours, pacing was discontinued, but was later reinstituted because of multi- 
ple ventricular premature beats. The serum potassium level at this time 
was 2.9 mEq /liter. Infusion of potassium chloride was continued, and a nor- 
mal serum level was achieved 24 hours later. At this time sinüs rhythm was 
maintained when atrial pacing was discontinued. Other laboratory data, in- 
cluding seram levels of creatine phosphokinase (CPK), lactic dehydrogen- 
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ase (LDH) and glutamic oxaloacetic transaminase 
(SGOT) were within normal limits. Repeat electrocardio- 
grams showed no evidence of myocardial ischemia or in- 
farction. 


Case 2: A 63 year old white woman was admitted 
with a history of intrinsic renal disease of 4 years’ dura- 
tion. There was no history of heart disease, hypertension 
or syncopal episodes. Because of elevated blood urea ni- 
trogen and creatinine phosphokinase levels, the patient 
underwent peritoneal dialysis with appropriate potassium 
supplementation. After dialysis, serum potassium was 4 
mEq/liter. The next day the patient suddenly became un- 
conscious and hypotensive. The electrocardiogram showed 
episodes of ventricular tachycardia (Fig. 2, A and B) and 
the patient underwent electrical cardioversion with only 
transient return to sinus rhythm. Synchronized direct- 
current cardioversion was repeated 19 times during intra- 
venous infusion of 200 mg of lidocaine, 300 mg of pro- 
cainamide, and 1 mg of propranolol. Infusion of potassium 
chloride was not considered at this time because of the 
previously normal serum potassium level and the evidence 
of renal failure. However, a serum electrolyte report re- 
ceived during resuscitation indicated a potassium level of 
2.3 mEq/liter; therefore, an atrial pacemaker was inserted 
and potassium chloride infusion begun. 

Atrial pacing at a rate of 88/min (Fig. 2C) suppressed 
the ventricular tachycardia. As in Case 1, repeated peri- 
ods of atrial pacing were necessary to suppress the ar- 
rhythmia until the serum potassium level returned to nor- 
mal. The pacemaker was removed 5 days later when the 
serum potassium level stabilized at 5 mEq/liter. Serial 
electrocardiograms and enzyme studies showed no evi- 
dence of myocardial infarction or ischemia. 


Case 3: A 54 year old white woman presented in the 
emergency room with a history of recurrent dizzy spells of 
2 months’ duration. Mild hypertension had been recently 
diagnosed, and she was treated with Diuril® (chlorothia- 
zide), 500 mg daily. There was no other history of systemic 
or cardiovascular disease. 

During the examination, the patient collapsed, and 
pulse and blood pressure determinations became unob- 
tainable. The first heart sound varied in intensity; the elec- 
trocardiogram demonstrated ventricular tachycardia (Fig. 
3). Synchronized direct-current cardioversion, repeated 3 
times, produced a transient return to normal sinus 
rhythm with frequent ventricular premature systoles. 
After intravenous administration of 100 mg of lidocaine, 
200 mg of procainamide and 2 mg of propranolol pro- 
duced no effect, an atrial pacemaker was inserted and the 
ventricular tachycardia suppressed by pacing at a rate of 
100/min. Serum electrolyte determinations made at the 
time of admission included a potassium level of 2.5 mEq/ 
liter. This was corrected within 24 hours by intravenous 
administration of potassium chloride, at which time sinus 
rhythm returned and atrial pacing was discontinued. Seri- 
al electrocardiograms and enzyme studies showed no evi- 
dence of myocardial damage. 


Case 4: A 60 year old white man was admitted be- 
cause of severe precordial discomfort and episodes of “pal- 
pitations.”’ He had a history of angina pectoris of 2 years’ 
duration, but the previous pains were of mild severity and 
not associated with palpitations. He was also known to 
have hypertension and had been treated with 500 mg of 
Diuril (chlorothiazide) daily for 3 years. The electrocardio- 
gram on admission showed normal sinus rhythm and evi- 
dence of myocardial injury of undetermined age. Six hours 
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FIGURE 1. Case 1. A, continuous tracing showing normal 
sinus rhythm with ventricular premature beats and a short epi- 
sode of ventricular tachycardia. B, atrial pacing (rate 115 /min). 
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FIGURE 2. Case 2. A and B, normal sinus rhythm with ventricu- 
lar premature beats and episodes of ventricular tachycardia. C, 
atrial pacing (rate 88 /min). 
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FIGURE 3. Case 3. A, episode of ventricular tachycardia (rate 
214/min). B, atrial pacing (rate 107 /min). 
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FIGURE 4. Case 4. Continuous tracing showing normal sinus 
rhythm with frequent ventricular premature beats and an epi- 
sode of ventricular tachycardia. 
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after admission he had episodes of ventricular tachycardia 
which were temporarily controlled with an intravenous 
bolus injection of 50 mg of lidocaine, followed by lidocaine 
infusion at a rate of 4 mg/min. Recurrent episodes of ven- 
tricular tachycardia were treated with 400 mg. of Dilan- 
tin® (diphenylhydantoin) intravenously in divided doses 
and 100 mg of procainamide intravenously. Serum electro- 
lyte values included a serum potassium level of 2.8 mEq/ 
liter so that infusion of potassium chloride was started. 
Episodes of ventricular tachycardia persisted (Fig. 4) in 
spite of this therapy. During 1 episode the patient became 
unresponsive, and an atrial pacemaker was inserted. Ven- 
tricular tachycardia was initially suppressed with atrial 
pacing at a rate of 150/min and later at a rate of 100 /min. 
Four days later, after the serum potassium level had re- 
turned to normal, the pacemaker was removed. 

Two days after removal of the pacemaker, during which 
time the patient was free of arrhythmia, diarrhea devel- 
oped, and the serum potassium level fell to 3.2 mEq /liter. 
He had recurrent episcdes of ventricular tachycardia that 
required atrial pacing. The pacemaker was again removed 
after return of the seram potassium level to normal, and 
no further arrhythmia was noted. Serial electrocardio- 
grams and enzyme studies provided no evidence of recent 
myocardial infarction. 


Discussion 


Hypokalemia and ventricular tachycardia: 
The effect of hypokalemia on the heart is well es- 
tablished. The typical electrocardiographic pat- 
tern?-8 is characterized by a prominent U wave, S-T 
segment depression and, occasionally, inversion of 
the T wave. Ventricular ectopic rhythms have also 
been associated with hypokalemia. These may occur 
without clinical evidence of cardiac disease and in 
the absence of digitalis therapy. Davidson and Su- 
rawicz? demonstrated an increased incidence of ec- 
topic beats in hypokalemic patients without heart dis- 
ease. They reviewed findings in 107 patients with 
serum potassium levels lower than 3.2 mEq/liter and 
noted that ventricular premature beats occurred 2.5 
times more frequently than in normokalemic control 
subjects. Ventricular ectopic beats were even more 
frequent in the presence of heart disease. Similarly, 
Weaver and Burchell® found ectopic beats in 24 per- 
cent of patients with serum potassium levels lower 
than 3.6 mEq/liter and no evidence of heart disease, 
compared with a 13 percent incidence in their con- 
trol subjects. Other studies!®!" support the relation 
of ventricular ectopic rhythms to hypokalemia. 

Hypokalemia prolongs repolarization and increases 
diastolic depolarization of pacemaker fibers.1? The 
increased rate of diastolic depolarization can lead te 
tachycardia by increasing automaticity. Prolongation 
of repolarization favors reentrant arrhythmias by 
prolonging the “vulnerable period,” when impulse 
transmission is slow and electrical activity is inhomo- 
geneous. Thus, the likelihood of ectopic beat forma- 
tion is increased.14 Furthermore, myocardial fibers 
lacking normal pacemaker activity may show dia- 
stolic depolarization and thus function as pacemaker 
fibers when exposed to hypokalemia.!> All of these 
changes facilitate the development of ectopic 
rhythms including ventricular tachycardia. 


Treatment of ventricular tachycardia: Ventric- 
ular tachycardia may be poorly tolerated especially 
in patients with severe coronary artery disease so 
that prompt restoration of normal rhythm may be 
life-saving. Ventricular tachycardia can frequently 
be terminated by intravenous administration of lido- 
caine or direct-current cardioversion, or both. Other 
drugs, such as procainamide, propranolol and di- 
phenylhydantoin, may also be effective. When ven- 
tricular tachycardia is resistant to this type of ther- 
apy, other modalities must be considered. Atrial 
pacing has been advocated in patients with recurrent 
ventricular tachycardia resistant to the usual antiar- 
rhythmic agents in apparently normokalemic 
subjects. 1-8.16-18 

Infusion of potassium salts has been suggested when 
hypokalemia is suspected, but rapid infusion of po- 
tassium chloride may cause greater impairment of 
atrioventricular (A-V) conduction.2° Even with care- 
ful monitoring, rapid infusion of potassium may ‘be 
dangerous. Animal experiments have shown that 
cardiac arrest may occur during sudden change in 
serum potassium concentration?! due to inhibition of 
pacemaker activity. This phenomenon has also been 
described in man.22 These dangers associated with 
potassium administration are increased when renal 
failure is present and when the serum potassium 
concentration is unknown. This situation is com- 
monly encountered since therapy for ventricular 
tachycardia is usually started before laboratory re- 
sults are available. 

In patients with intact A-V conduction, atrial 
pacing is preferable to ventricular pacing. Atrial pac- 
ing may provide a greater cardiac output because the 
normal relation of atrial systole to ventricular depo- 
larization is maintained and mechanical irritation of 
the ventricle and coiling of the pacemaker wire 
around chordae tendineae are avoided. Pacing may 
be quickly initiated at the bedside by a floating elec- 
trode catheter introduced percutaneously by way of 
the subclavian vein and positioned in the right at- 
rium with the aid of electrocardiographic monitor- 
ing. 

Our experience with ventricular tachycardia asso- 
ciated with hypokalemia indicates that atrial pacing 
is a valuable form of therapy when more convention- 
al drug therapy and direct-current cardioversion fail 
to restore or maintain sinus rhythm. If hypokalemia 
is documented, atrial pacing is valuable during the 
period when potassium is given. This treatment per- 
mits rapid restoration of normal rhythm while the 
potassium concentration is slowly restored to nor- 
mal, Atrial pacing has obvious advantages in pa- 
tients with renal failure in whom rapid changes in 
electrolyte concentration are both difficult to achieve 
and dangerous. 
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A case of congenital complete atrioventricular (A-V) block is pre- 
sented which illustrates a remarkable correlation between the elec- 
trocardiographic findings. and the. pathologic features of the conduc- 
tion system demonstrated by serial section. The electrocardiograms 
showed on different occasions complete A-V block with configura- 
tions of right bundle branch block with left anterior hemiblock, right 
bundle branch block with left posterior hemiblock, and QRS com- 
plexes with the preexcitation pattern or delta wave. These findings 
correlated with the pathologic findings of complete lack of continuity 
between the atrial musculature and the more peripheral conduction 
system, absence of the A-V node, destruction of the third portion of 
the right bundle branch, fibrosis of the anterior radiation of the left 
bundle branch, and Mahaim fibers. connecting the bundle of His and 
the left bundle branch with the ventricular septum. 


We recently studied a unique case of congenital. atrioventricular 
(A-V) block in which electrocardiographic analysis suggested a com- 
petition of multiple ectopic pacemakers. Serial sections of the con- 
duction system correlated well with this concept. 


Case Report 
Clinical Review 


Baby D. was discovered to have complete congenital A~V block soon after 
her birth om March 2, 1967. She was the product of a full term normal preg- 
nancy and delivery. Apart from the slow heart rate, the baby appeared to 
be healthy and was in no apparent distress. From the second day of life, 
when the first electrocardiogram. was obtained, she underwent continuous 
clinical and electrocardiographic monitoring. At age 6 weeks, cardiac cathe- 
terization was performed, anda left to right shunt was detected at the level 
of the ductus arteriosus. The end-diastolic pressure was 20 mm Hg in the 
left ventricle and 13 mm Hg in the right ventricle. During cardiac catheter- 
ization an intravenous infusion of n-isopropyl epinephrine was administered 
with resulting doubling of the heart rate, decrease in the end-diastolic pres- 
sure of the ventricles, faster ejection time and significant shortening of sys- 
tole. Selective angiograms. were performed in each chamber of the heart. 
The left ventricle was dilated and contracted poorly. The right ventricle 
was found to be normal. The. ventricular chambers remained opacified for a 
longer time than usual, in part because of the slow heart rate, and in part 
because of primary myocardial. disease. The baby subsequently had severe 
congestive heart failure and:died on April 80, 1967. 


Electrocardiographic Observations 

Serial electrocardiograms starting on the second day of life showed an un- 
usual pattern. In a recent study of 45 cases of congenital A-V block from 
this department, the associated disturbances of conduction were investi- 
gated in detail.1 A similar case was not found in this series. Moreover, our 
own study of congenital A-V block with His bundle electrograms. showed 
that the site of the block in this condition is usually above the bundle of 
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FIGURE 1. Electrocardiogram. A, pacemaker A, first week. Atrial rate 125/min, ventricular rate 40/min. The broad QRS complex 
(for the baby’s age) with very slow heart rate suggests a pacemaker distal to the penetrating portion of the bundle of His. B, pacemak- 
er B, second week. QRS pattern of complete right bundle branch block with a small q wave in lead |, a small r in leads H, HI and aVF, 
with a deep s wave in leads il and Ili. The mean QRS forces are directed to the right and superiorly, suggesting additional left anterior 
hemiblock. C, pacemaker C, 30th day. Atrial rate 150/min, ventricular rate 70/min. The broad QRS complex with rsR pattern in lead 
Vyand the broad s wave in leads | and Vg suggest a pattern of complete right bundle branch block. The mean QRS forces are directed- 
downward and to the right, suggesting additional left posterior hemiblock. D, pacemaker D, 34th day. The suggested location of the 
pacemaker is distal to the penetrating portion of the bundie of His, conceivably near the posterior division of the left bundle branch: E; 
pacemaker E, 40th day. There is distinct slurring of ascending limb of the R wave, suggesting a delta wave in leads |, H, aVF, Va and. 
< Ve with a QS pattern in lead V,. The configuration is compatible with early depolarization of the right ventricle as in type B preexcita-. 
c: tion: F, pacemaker F, 42nd day. The QRS complexes are broad and the heart rate is slow. The suggested location of the pacemaker. is 
“in. the distal part of the bundle of His or further down. The pattern of right bundle branch block with left axis shift suggests location of 
the pacemaker at.or near the posterior division. 
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- His, the pacemaker is usually stable and conduction along 
the bundle and bundle branches is norrnal.2 However, in 
this baby, normal QRS. complexes were never recorded. 
Figure 1 shows the electrocardiograms recorded on various 
days. 

In the first week of the baby’s life, pacemaker A domi- 
nated (Fig. 1A). The slow heart rate (40 beats/min) and 


= wide QRS complexes suggested that the pacemaker was 


situated distal to the penetrating portion of the bundle of 
His. The heart rate was fairly stable and showed no 
physiologic variation, but there were occasional escapes of 
another pacemaker. The mean QRS vector was directed 


<= downward and backward, suggesting location of the pace- 


maker in the anterior part of the ventricle. There were no 
Stokes-Adams attacks or any symptoms other than the 
slow heart rate. 

In the second week, pacemaker B dominated (Fig. 1B). 


s -. The:heart rate ranged from 39 to 94 beats/min. The pres- 
"< ence-of physiologic variations in the rate suggested that 


the pacemaker was probably situated at or above the pen- 
etrating portion of the bundle of His and was under auto- 
nomic control. However, the QRS complexes were wide, 
and mean QRS forces were oriented superiorly and to the 
right with an rsR’ pattern in lead V1. Such a pattern of 
right bundle branch block with superiorly oriented forces 
~is quite common in newborn babies with complete A-V 
canal and is explained. on the basis of abnormality of the 
conduction system itself. The small q wave in leads I and 
aVL and a small initia! r wave and a deep s wave in leads 
U, I and aVF in the presence of right bundle branch 
block may suggest additional left anterior hemiblock. It 
therefore may be inferred from this electrocardiogram that 
the impulse originated in the penetrating portion of the 
bundle of His and was conducted along the posterior divi- 
sion of the left bundle branch and then spread to the rest 
of the heart. 

On the 30th day of life, the electrocardiogram showed a 
heart rate of 70 beats/min with complete right bundle 
branch block and a mean frontal QRS axis of +120° 
(pacemaker C) (Fig. 1C). Again, the fast ventricular rate 
and rise in rate with excitement, crying and feeding sug- 
gested that the pacemaker probably was at or above the 
penetrating portion of the bundle of His. Additionally, 
presence of a deep s wave in lead I, with a small q and a 
tall R wave in leads II and MI may suggest additional left 
posterior hemiblock. This may further be substantiated 
by the mean QRS axis of +120° if right ventricular hyper- 
trophy is excluded. Normal intraventricular conduction 
was never recorded; therefore, right ventricular hypertro- 
phy could not be excluded with certainty on electrocardio- 
‘graphic grounds. However, the angiocardiograms suggest- 
ed a normal right ventricle, so that posterior hemiblock 
was more likely than right ventricular hypertrophy. 

On the 34th day, a new pacemaker D appeared very fre- 
quently and was dominant a few days later (Fig. 1D). The 
QRS configuration in the precordial leads was suggestive 
of right bundle branch block; but in the standard limb 
leads and in Vs and Ve, there was no s wave. The mean 
frontal QRS axis was directed to the left and superiorly. 
Such patterns, where precordial leads suggest right bun- 
dle branch block and standard leads do not, have been 
described by Rosenbaum et al. as “standard masquerad- 
ing type of bundle branch block” and are explained on the 
basis of right bundle branch block associated with addi- 
tional left anterior hemiblock. This pattern differs from 
pattern B and could be attributed to variability in the de- 
gree of block in the bundle branches, or a different loca- 


tion of the pacemaker. Again, slow heart rate and lack of 
clinical evidence of autonomic control suggested distal 
location of the pacemaker, conceivably near the posterior 
division of the left bundle branch. 

On the 40th day, another pacemaker E dominated (Fig. 
1E). This pacemaker presented a most unusual configura- 
tion. It had a delta wave and slurring of the early portion 
of the QRS complex, well seen in leads I, II, aVF, V3 and 
Ve, strongly resembling preexcitation pattern type B. 
Since there was no atrioventricular conduction, the acces- 
sory pathway, if present, must be below the junctional tis- 
sue connected to the conduction system itself. The mean 
QRS axis of the delta wave was directed to the left, down- 
ward and posteriorly. The accessory pathway was conceiv- 
ably directed posteriorly, bypassing the right bundle 
branch. 

Electrocardiographic differentiation of ‘type B preexcita- 
tion syndrome from left bundle branch block is subject to 
error, particularly in the presence of a variable P-R inter- 
val due to complete heart block. However, in this case, 
right bundle branch block was complete and constantly 
present; hence, additional block in the main division of 
the left bundle would probably have resulted in an idio- 
ventricular pacemaker with sudden slowing of the heart 
rate with or without multiple ventricular escapes. The 
overall evidence favored the possibility of preexcitation of 
some part of the right ventricle by way of Mahaim fibers. 
Additionally, slurring of the very early portion of the QRS 
complex with a distinct delta wave in contrast to a slurred 
mid portion of the QRS complex in left bundle branch 
block favored the diagnosis of preexcitation. Such Ma- 
haim fibers have been described previously.4-5 

On the 42nd day a new pacemaker F appeared (Fig. 
1F). This had a rate of 48 beats/min uninfluenced by 
physiologic stimuli, with wide QRS complexes of a right 
bundle branch block type. In addition, there was a left- 
ward superior orientation of mean QRS forces suggesting 
the location of the pacemaker at or near the posterior di- 
vision of the left bundle branch. 


Pathologic Examination of the Heart 
Gross Examination 


The heart was enlarged, weighing 48 g (fixed). The ductus 
arteriosus was patent, and. there was an oblique foramen 
ovale measuring 0.2 to 0.3 cm in greatest dimensions. All 
chambers of the heart were hypertrophied and enlarged. 
The endocardium of all chambers was thickened. 


Microscopic Examination 

Methods: The sinoatrial node was not available for 
study. The region of the approaches to the A-V node, the 
A-V node, the A-V bundle and bundle branches through 
the level of the moderator band were serially sectioned, 
and all sections were retained. The sections were cut from 
the posterior wall anteriorly. Alternate sections were 
stained with hematoxylin and eosin and Weigert-van Gie- 
son stains. In this manner 2,581 sections were examined. 

Findings: Approaches. to the A-V node: No atrial 
musculature was present in the distal part of the atrial 
septum (Fig. 2A). In its place there was fat and fibrous 
tissue, severely infiltrated with calcium. Fibroelastosis 
was marked in the endocardium of the right and left sides 
of the atrial septum. 

A-Vnode: This was absent (Fig. 2B). 

A-V bundle, penetrating portion (Fig. 2B and 3A): 
This commenced in the central fibrous body and showed 
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FIGURE 2. A, approach to A-V 
nodal area showing lack of muscu- 
lature in the atrial septum. B, ab- 
sence of the A-V node with begin- 
ning of the bundle of His (arrows) 
which has no connection with the 
atria. A = atrial septum; V = ven- 
tricular septum. (Weigert-van Gie- 
son X26, reduced by 45 percent.) 


degenerative changes and calcification. Mahaim ‘fibers 
proceeded to the ventricular septum (Fig. 3A). There were 
no changes in the A-V bundle, branching portion. 

Left bundle branch: Mahaim fibers proceeded to the 
ventricular septum at its junction with the bundle (Fig. 
3B). The main left bundle showed no changes. However, 
the anterior radiation showed considerable fibrosis at its 
junction with the main left bundle (Fig. 3C). 


P oS 


FIGURE 3. Bundle of His and left bundle branch. A, penet 
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Right bundle branch: The junction of the first and sec- 
ond portions lay adjacent to a mass of subendocardial cal- 
cification. In this region there were degenerative changes 
in the right bundle branch with an infiltration of mononu- 
clear cells. The second portion showed slight fibrosis. At 
its junction with the third portion, it entered a fibrotic 
area in the moderator band which was markedly infiltrat- 
ed with calcium. Here the right bundle branch was com- 





to the ventricular septum. (Weigert-van Gieson X39, reduced by 45 percent.) B, beginning of the branching portion of the bundle of 
His showing Mahaim fibers (arrows) at the junction of the bundle and left bundle branch passing to the ventricular septum. (Hematoxylin 
and eosin X104, reduced by 45 percent.) C, fibers of the anterior radiation of left bundle branch (arrows) showing fibrosis. (Weigert- 
van Gieson X39, reduced by 45 percent.) B = bundle of His; LBB = beginning of left bundle branch; P X pars membranacea; V = ven- 


tricular septum. 
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pletely replaced by fibrous tissue containing calcium (Fig. 
4C). 

Ventricular septum: The endocardium of the right and 
left sides showed marked fibroelastosis. 


Discussion 

From the pathologic standpoint, this is a case of 
lack of connection between the atrial musculature 
and the peripheral conduction system,® with absence 
of the A-V node. The lesion is complicated by com- 
plete destruction of the third part of the right bundle 
branch and fibrosis of the anterior radiation of the 
left bundle branch. Mahaim fibers are present be- 
tween the penetrating portion of the A-V bundle and 
left bundle branch and the ventricular septum. 
Thus, the pacemaker of the ventricles could lie in 
the penetrating or branching portion of the A-V 
bundle or the left bundle branch, or in its posterior 
radiation, and the path of conduction could pass 
along those roads or through Mahaim fibers. 

These observations correlate well with the electro- 
cardiographic findings. At no time was there any evi- 
dence of A-V conduction in this case and, thus, the 
A-V block was considered complete. The findings 


erator band region, 
showing minimal fibrosis. B, in the moderator band region showing moderate fibrosis. C, almost complete fibrous replacement of right 
bundle branch in moderator band region. (Weigert-van Gieson X52, reduced by 48 percent.) 


are explained by lack of connection between the at- 
rial musculature and the more peripheral conduction 
system, and complete absence of the A-V node. At 
least 3 of the pacemakers recorded from the baby on 
different days showed evidence of complete right 
bundle branch block, and at least 2 of them showed 
electrocardiographic evidence of left anterior hemi- 
block in addition to right bundle branch block. 
Again, the pathologic findings of complete destruc- 
tion of the third part of the right bundle branch and 
fibrosis of the anterior radiation of the left bundle 
branch provide excellent correlation with the electro- 
cardiographic findings. Finally, pacemaker E (Fig. 
1E) with a quite typical delta wave or preexcitation 
pattern correlates well with the pathologic findings 
of Mahaim fibers connecting the penetrating portion 
of the His bundle and the left bundle branch with 
the ventricular septum. 

The reason for the presence of these multiple com- 
peting pacemakers is not entirely clear. It is possible 
that widespread injury to the myocardium led to en- 
hanced automaticity resulting in a multiplicity of 
pacemakers and their competition with each other. 
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brane which subdivided the tight atrium into 2 chambers with the 


_ (Table I),?-13 and in each the right atrial membrane was found only 
on postmortem examination. In several of these cases, the membrane 
‘was not recognized at cardiac surgery and may have contributed to 




































The usual causes of a large right to left shunt at the atrial level are. 
tricuspid or pulmonary atresia, severe pulmonary stenosis, Ebstein's — 
anomaly or a large atrial septal defect with pulmonary hypertension. 
We have recently evaluated a patient with a large right atrial mem- 


venae cavae and foramen ovale on one side of the web and the cor. 
onary sinus and a small tricuspid valve on the other. The presence ©) 
of this membrane was demonstrated preoperatively by cineangio- _ 
grams, and it was successfully removed at operation. This unusual — 
entity, cor triatriatum dexter, is discussed and the literature reviewed. 


Remnants of the embryologic sinus venosus valves are not uncom- 
mon.t However, the persistence of a sinus venosus valve sufficiently 
large to obstruct the flow of blood through the tricuspid valve is 
quite rare. To date only 13 cases of the anomaly have been reported: 


the death of the patients. 

We have recently evaluated and successfully operated on a 25 year 
old man with a large right atrial membrane, congenitally small tri- 
cuspid valve, patent foramen ovale and a small atrial septal defect. 
He had previously undergone cardiac catheterization on 2 occasions 
and was known to have a right to left shunt of undetermined origin 
at the atrial level. 


Case Report 


The patient, a 25 year old man, was born in 1946 at term after a normal - 
pregnancy. Intermittent cyanosis at birth was relieved by administration of 
oxygen. Consultation at a cardiac center provided no definitive diagnosis, 
but intermittent cyanosis was recorded by nurses. He grew and developed. 
well and was asymptomatic except for dyspnea and fatigue on severe exer- 
tion. An examination at age 20 years, because of increasing exertional dys: 
pnea and transient light-headedness with logs. of ‘vision, disclosed marked 
clubbing of his fingers and toes and polycythemia. At age 21 right heart 
catheterization was performed (Table Il). Peripheral saturation was 89 per- 
cent and increased only to 91 percent with inhalation of oxygen. The cathe- 
ter entered the left atrium by way of either an atrial septal defect or patent 
foramen ovale. Two days later cardiac catheterization was repeated to de- 
termine the origin of the peripheral desaturation (Table If). An atrial septal 
defect or patent foramen ovale was demonstrated, but the reason for the 
right te left shunt remained unclear. Closure of the atrial septum was tec: : 
ommended but declined. During the next year and a half the patients dys-. 
pnea on exertion became more severe. He continued to have light-headed- 
ness ard had 1 syncopal episode on exertion which eventually prevented 
him from continuing to work as.a machinist. ae 

Physical examination on admission revealed mild cyanosis with severe 
clubbing of the fingers and toes. The first component of the second heart 
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TABLE I 


-0 Reported Cases of Cor Triatriatum Dexter 


aprinse araia e 








Age (yr) 
Study & Sex Additional Anomalies Symptoms and Course 
1. Chiari, 1897? TAF PA, HRV, HTV, PDA, PFO, ASD Cyanosis since birth; death from heart 
failure 
2. Sternberg, 1913° 21F PFO, ASD Asymptomatic till death from aortic and 
mitral endocarditis 
3. Gombert, 19334 42F Small pulmonary artery, HRV, PFO, ASD Asymptomatic till death from postpar- 
tum pulmonary embolus; multiple 
renal infarcts on autopsy 
4. Kettler, 19345 60M Wide pulmonary trunk, right atrial dilata- Asymptomatic till death from pulmonary 
tion, PFO, ASD embolus 
5. Ruggieri, 19355 42F Small pulmonary trunk, PFO, ASD Cyanosis, syncope and dyspnea on- exer- 
tion since age 12; central nervous 
system disease since age 38; death 
from heart failure and chronic 
; meningitis 
6. Ponhold, 19377 2F (day) PA, HRV, HTV, VSD, PFO, PDA Cyanosis and respiratory distress from 
24 hours; death from heart failure 
7, Dubin & Hollinshead, 1944 5F (min) Hypoplastic pulmonary trunk, HTV, dilated Cyanosis from birth; death from heart 
right ventricle, PFO, PDA failure 
8. Doucette & Knoblich, 1963° 6M (wk) PA, HRV, HTV, PFO, ASD Postoperative death after modified 
tr Potts’ procedure 
9. Kauffman & Andersen, 2M (day) PA, HRV, HTV, PFO, PDA. Cyanosis and respiratory distress from 
; 1963 12 hours: death from heart failure 
10. Folger, 1968" OF PA, HRV, HTV, PDA, ASD Cyanosis from 3 months; postoperative 
death after opening of pulmonary 
valve and tricuspid valvulotomy 
11. Folger, 1968" 514M Supravalvular pulmenic stenosis, PDA, | Cyanosis and dyspnea on exertion; post- 
ASD operative death after closure of ASD 
and opening of supravalvular PS 
12. Runcie, 19681? 26F Constrictive pericarditis, obstruction of Death trom heart failure; right atrial 
. inferior and superior venae cavae web: missed on thoracotomy .. 
7 13. Jones & Niles, 1968+? 10M HRV, tricuspid atresia, ASD, VSD Cyanosis at 2: months; Potts’ procedure 
m at4 months; syncope at 8 years. fol- 
lowed by ä Glenn procedure; recurrent 
syncope and death at 10 years due to 
obstruction of right atrial flow by a 
; large redundant web 
14, Present study 25M HTV, PFO, ASD Postoperative residual tricuspid stenosis 


and insufficiency; alive and doing well 





ASD = atrial septal defect; HRV = hypoplastic right ventricle; HTV = hypoplastic tricuspid valve; PA = pulmonary atresia; PDA = 
patent ductus arteriosus; PFO = patent foramen ovale, VSD = ventricular septal defect, 





sound was increased in intensity..The 2 components were 
split during inspiration but narrowed on expiration. A 
rough low-pitched early diastolic murmur heard along the 
lower left sternal border was accentuated. by inspiration. Its 
intensity ranged from grade 1/6.to 4/6. Hematocrit was 57 
percent. Four roentgenographic views of the heart, the elec- 
trocardiogram: (Fig. 1) and vectorcardiogram disclosed 
normal findings. The phonocardiogram (Fig. 2) recorded the 
tricuspid diastolic murmur. . etd 

On cardiac catheterization (Table I) peripheral oxygen 
desaturation -was present. Simultaneous: pressure record- 
ings from the right ventricle and atrium (Fig. 3) revealed 
a mean diastolic gradient of 3 mm Hg: Indicator-dilution 
curves (Fig. 4) revealed-a large right to left..interatrial 
shunt but. no pulmonary or tricuspid insufficiency. A 
cineangiogram (Fig. 5) demonstrated a right atrial mem- 
brane above the tricuspid valve. =- 

At operation (Fig. 6 and 7) a large, thick right atrial 
membrane was found in the area of the Eustachian valve 
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FIGURE 1. 


Electrocardiogram. 






560 October 1972 . The American Journal of CARDIOLOGY Volume 30 


¿separating the right atrium into 2 compartments with the 
superior and inferior venae cavae and fossa ovalis on one 


side and the coronary sinus and tricuspid valve on the 
- other. The web effectively blocked the tricuspid valve 
from incoming flow except for a narrow opening, 25 mm 


long, along the anterior atrial wall. The tricuspid valve 


"was approximately 25 mm in diameter, and the leaflets 


Oe appeared normal. A small atrial septal defect was present 
in the inferior portion of a patent foramen ovale. The 
right atrial membrane was resected, and the atrial septum 
and patent foramen ovale were closed. 

Recovery from operation was uneventful, but ausculta- 
tion of the heart revealed a persistent grade 3/6 tricuspid 
diastolic murmur (Fig. 2). Cardiac catheterization (Table 
-H-2 weeks after operation disclosed a residual mean dia- 
stolic gradient of 3 mm Hg across the tricuspid valve. 
“There was no evidence of shunting on indicator-dilution or 
oximetric studies, but a small degree of tricuspid insuffi- 
ciency was present. Right atrial pressure was increased. A 
cineangiogram demonstrated the base of the right atrial 

membrane (Fig. 5). 


Discussion 
o Concurrent with the development of the septum 
o primum and the endocardial cushions, the sinus 


Ma TABLE T 


Summary of Cardiac Catheterization Data 


COR TRIATRIATUM DEXTER—HANSING ET AL.. 


venosus shifts from the midline so that it opens into 
the future right atrium. The orifice of the sinus 
venosus is then guarded by 2 well developed valves. 
In the third fetal month the right sinus venosus. 
valve attains considerable size and, because of its 
position, probably helps to direct the flow of blood 
from the inferior vena cava into the left atrium.14 
Normally, as the fetal heart develops, the sinus 
venosus valves retract into the expanding right atri- 
um leaving behind the crista terminalis, Eustachian 
valve and Thebesian valve as remnants. 

Strands or nets of fibrous tissue in the right atrium 
were described by Chiari? and have been called 
“Chiari’s networks.” He found that these strands 
arose from the Eustachian and Thebesian valves and 
concluded that. they were remnants of the sinus 
venosus valves. Yater! extensively reviewed the liter- 
ature of sinus venosus valvular remnants and found 
a variety of flaps or membranes in the majority of 
120 unselected hearts. He pointed out that many of 
these remnants are not appreciated on routine post- 
mortem examination since the usual right atrial inci- 
sion cuts across the remains of the right sinus veno- 








* Performed elsewhere. 
<p Assumed values. 
Values in parentheses indicate mean pressures. 








2/14/6R* 2/16/68* 11/24/70 Preoperatively afr Postoperatively 
BP Oxygen Oxygen BP Oxygen BP Oxygen 
Site (mmHg)  % Sat Vol % Sat Vol. % (mm Hg)  % Sat Vol % (mm Hg) % Sat Vol .% 
en NEI SR EE LE EN AA EE Pe Ee ea a RE OE eS a E 
: SVC T 69 14.8 61 13.1 9/5(7) 68.0 15.1 16/11(13) 64.5 11.5 
HRA agai 64 13.8 62 13.3 RaT 68.5 15.2 tale 61.2 10,9 
MRA Pei 68 14.6 65 14.0 13/811) 68.5 15.2 16/11(14) 66.0 11.8 
“LRA ae 70 15.1 64 13.8 ae 75.7 16.8 oe 66.0 11.8 
IVC ER sui A few ie 9/5(7) 74.2 16.4 16/11(14) 76.9 13.6 
LRV 11/0 ` 70 15.1 65 14.0 22/0; 75.7 16.8 27/4; 70.8 12.6 
: ; 7 E-D f 15 E-D 
“HRV ea 700° 15.1 65 14.0 yii 75:7 16,8 a 70.8 12.6 + 
: p PA i 10/0(4) 70 15.1 65 14.0 22/7(11) 73,0 16.2 26/11(18) 70.3 12.5 
PAW. 3/001) k RA ia iu Ree sak ni a AN eik 
PV net sats sats 100 ets ae 95+ 21.0f 
LA : 14/8(11) 93.67 20.71 
LV 113/0; 91.57 20.27 
n 12 E-D 
SA 106/52(76) 89 T E AE 89. 57 19.87 114/58(79) 94.7 16.9 
5 SA with O, vee 92° 19.8 ie a ia ais 
oe SBF (Fick) 6. 74 liters/min CO (Fick) 5.73liters/min 
SBF. 3,83 liters/min per m? Cl 3,31 liters/min perm? 
PBE | 5.16 liters/min 
topi PBE 2.93 liters/min per m? 
— oo R-Lshuünt 1.58 liters/min 
Tricuspid gra- 
dient 3mm Hg 3mm Hg 





_ -BP = blood pressure; Ci = cardiac index; CO = cardiac output; E-D = end-diastolic; HRA = high right atrium; HRV = high right 
2 ventricle; IVC = inferior vena cava; LA = left atrium; LRA = low right atrium; LRV = low right ventricle; MRA = mid right atrium; PA = 
- pulmonary artery; PAW = pulmonary arterial wedge; PBF = pulmonary blood flow; PBFI = pulmonary blood flow index; PY = pul: 


ot monary vein; R-L = right to left; SA = systemic arterial; Sat = saturation; SBF = systemic blood flow; SBFI = systemic blood flow 


Index; SVC = superior vena cava; Vol = volume. 
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FIGURE 2. Phonocardiograms. A, before operation. B, after 
operation. Apex. = phonacardiogram at the apex; carotid = in- 
direct carotid pressure; DM = diastolic murmur; ECG = elec- 
trocardiogram; 41CS = phonocardiogram at the fourth intercos- 
tal space left of the sternum; S, = first heart sound; S2 = sec- 
ond heart sound. 
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FIGURE 4. Indicator-dilution curves with injection of indo- 
cyanine green dye in the right pulmonary artery (RPA), low right 
ventricle (LRV), superior vena cava (SVC) and inferior vena 
cava (IVC) as sampled from the femoral artery. The early ap- 
pearance of dye with injection in the superior and inferior venae 
cavae indicates a right to left shunt at the atrial level with greater 
shunting from the inferior than from the superior vena cava. 
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FIGURE 3. Pressures as recorded at cardiac catheterization 
from the femoral artery, right ventricle and right atrium. 
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FIGURE 5. Cineangiograms performed injecting 42 cc of 80 
percent Angio-Conray through a no. 7 N.I.H. catheter into the 
right atrium with the patient in 45° right anterior oblique posi- 
tion. A, preoperative, showing the right atrium (RA), tricuspid 
valve (TV) and the right atrial membrane (arrows). B, postoper- 
ative, showing the remains of the membrane. 


f, 





FIGURE 6. Photograph taken at surgery showing the bypass 
pump tubing in the superior vena cava (1) and inferior vena 
cava (2). The suction tip (3) is behind the right atrial membrane 
(arrows) in the coronary sinus. The retractor (4) is holding back 
the right atrial wall in the region of the tricuspid valve. 
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FIGURE 7. Artist's rendition of the right atrial membrane. 
Adapted from a drawing by Licata.'® 


sus valve. A number of patients with “‘Chiari’s net- 
works” were reported to have died from a pulmonary 
embolus that was thought to originate on the right 
atrial net although these claims were not adequately 
substantiated.?:16-17 It is unclear from Yater’s review 
whether any of the persistent right sinus venosus 
valves obstructed flow of blood through the tricuspid 
valve. 


Cor Triatriatum Dexter 


Since the review of Yater,! right atrial remnants of 
the sinus venosus valves have been infrequently 
mentioned. Abbott!® cited 4 patients with anoma- 
lous septa in the right atrium. Two of these patients 
had atrial septal defects, and 2 died of bacterial 
endocarditis. Other details are not available, and it 
is unclear whether the septa were large enough to be 
hemodynamically significant. Papaioannou et al.19 
reported the presence of a right atrial membrane in a 
heart with the left cor triatriatum anomaly. Hudson2° 
in his discussion of cor triatriatum dexter includes 
a second anomaly in which a greatly dilated coro- 
nary sinus receives a left superior vena cava produc- 
ing the “extra” cavity. It is unclear from his descrip- 
tion whether there is obstruction to coronary sinus 
blood flow; if not, perhaps this entity should not be 
included in a discussion of cor triatriatum dexter. 


COR TRIATRIATUM DEXTER—HANSING ET AL. 


At the time of Doucette and Knoblich’s review? of 
cor triatriatum dexter only 9 cases (Table I) of a 
large right atrial membrane had been reported. In 
their paper the case attributed to Kjellberg?! ap- 
pears to represent a large coronary sinus without a 
right atrial membrane. Since then 5 additional cases 
(Table I) have been reported. In many of these cases 
the right atrial membrane was found at postmortem 
examination to accompany pulmonary atresia or ste- 
nosis, hypoplastic right ventricle and tricuspid valve, 
a patent ductus arteriosus and a patent foramen 
ovale or atrial septal defect. It has been speculated? 
that underdevelopment of the right side of the heart 
may be related to the decreased right heart blood 
flow due to the obstruction produced by the persis- 
tent large right sinus venosus valve. The congenital 
defects were less severe in those patients who sur- 
vived childhood, but a number of them died of infec- 
tions perhaps related to the right to left shunt, and a 
paradoxical embolus was evident in 1. Two of these 
patients died of pulmonary emboli. Five underwent 
cardiac surgery. In each case the presence of a right 
atrial membrane was not appreciated at operation, 
and its presence may have contributed to the death 
of the patients. In 1 case (Case 11) the lateral projec- 
tion of a cineangiogram revealed a nonopacified 
structure that entered the cavity of the right ventri- 
cle through the tricuspid valve during diastole. Even 
though the right atrium was entered at operation for 
closure of the atrial septal defect, this membrane 
was not seen and, therefore, not discovered until 
postmortem examination. 

Our case appears to represent the cor triatriatum 
dexter anomaly with the large right atrial membrane 
and a congenitally small tricuspid valve. The right to 
left shunt occurred by way of a patent foramen ovale 
and a small atrial septal defect. In this case the right 
atrial web was visualized on a preoperative cinean- 
giogram and was successfully removed at operation. 
The tricuspid valve was found to be small, but the 
leaflets appeared to be normal. Postoperative cardiac 
catheterization revealed a residual gradient across 
the tricuspid valve, and the finding raises the ques- 
tion whether the small size of the tricuspid valve 
contributed to the right to left shunt. 
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Six patients with Starr-Edwards prosthetic heart valves became 
pregnant while receiving acenocumarin therapy. Administration of | 
the drug was. continued until term in 4 and discontinued in 1. One- 
patient with a past history of obstetric complications continued the 
drug during an episode of vaginal bleeding and aborted. There was t 
more episode of vaginal bleeding during acenocoumarin therapy that . 
subsided when the drug was discontinued. There were no emboli 
during 4 episodes of anticoagulant: suspension in 3 patients. In 2 
cases heparin was used as an adjuvant drug during puerperium. In 3- 
cases dipyridamole was used as an adjuvant or alternate drug during. 
pregnancy, labor or puerperium. Five patients were delivered of in- > 
fants without congenital defects. There were no complications in 2- 
infants delivered by forceps while the mothers had “therapeutic”. 
prothrombin times. There is not enough evidence to suggest steril- 
ization or routine interruption of acenocoumarin. therapy during preg- 
nancy in patients with Starr-Edwards prosthetic heart valves. Preg- 
nant women with Starr-Edwards prosthetic heart valves can have 
normal children if the use of acenocumarin is carefully controlled. 












Pregnancy after implantation of prosthetic heart valves in women is 
said to carry a high risk for the mother and the fetus.1 There is also a 
difference of opinion concerning anticoagulation for the expectant 
patient with a prosthetic heart valve.*-16 This paper reports experi- 
ence in the management of 6 pregnant women with heart valve pros- 
theses, with particular reference to anticoagulant therapy, at the 
Centro Médico La Raza, of the Mexican Institute of Social Security © 

in Mexico City. 


Clinical Material and Methods 


Six women aged 22 to 38 years had Starr-Edwards heart valve prostheses 
implanted for rheumatic heart disease (Table 1). Patients 1,2, 5 and 6 were. 
operated on in our service; patients 3 and’4 in other institutions. Model 
6100 valves were used in the first 4 cases, model 6120 in the fifth and mod- 
els 6120 mitral and 1260 aortic in the sixth. Patients 2, 5 and 6 had sponta- 
neous abortions before the valve insertions. Patient 3 had an induced abor- 
tion 3 years after operation and had a cerebral embolism coincident with 
the discontinuation of anticoagulant therapy. Patient 4 was delivered of.a 
23 week old macerated fetus. while receiving anticoagulant therapy because —~ 
of a prosthesis implanted 23 months earlier; autopsy of the fetus was not 
performed. Patients 1, 2, 5 and 6 were under the direct care of our surgical 
service. The prothrombin time (Quick method) was checked every 2 to 8. 
weeks and was maintained at approximately a 20 percent level of activity.. 
The other 2 patients were referred because of complications during preg- 
naney. 

Management during pregnancy: All patients were receiving aceno- 
coumarin therapy at the time of conception. When pregnancy was diag-. 
nosed or the patient came under our care, prothrombin times were deter- 
mined every 1 to 2 weeks on an outpatient basis and more often if the pa- 
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TABLE I 


o ‘Data on 6 Patients with Starr-Edwards Prosthetic Heart Valves Treated with Acenocoumarin During Pregnancy 














Prothrombin 
Acenocoumarin. Therapy Time at 
Case Age Heart Obstetric Before and. After Delivery Heparin or Dipyridamole 
ho. (6'i) Surgery History Delivery Delivery (%) Therapy 
1 27 11/3/67; Gravida 1; 2/9/70; Stopped 1 day before; 24 Heparin postpartum 
mitral: para 0 vaginal resumed 2 days-after 
2 28 11/24/67; Gravida 7; 2/19/70; Stopped 1 day before; 35 None 
mitral’ para 4; vaginal resumed 2 days after 
abort. 2 
3 22 6/3/65; Gravida 2; 2/1/71; Stopped 2 days before; 90 Heparin postpartum; 
mitral para 0; caesarean resumed 3 days after dipyridamole from 20th 
abort. 1 wk; during caesarean; 
; postpartum 
4 38 6/6/68; Gravida 8; 4/14/71; Stopped in 13th wk; 100 Dipyridamole from 13th 
mitral para 7* vaginal resumed 3days after wk; labor; postpartum 
5 27 6/13/70; Gravida 6; 7/10/74; Stopped 1 day before; 65 None 
mitral para 4; vaginal resumed 2 days after 
abort. 1 : 
6 31 10/30/70; Gravida.3; 6/15/71; Not discontinued Dipyridamole after heart 
mitral& _ para 1; abortion surgery 
aortic abort. 1 





* Including 1 premature delivery. 
Abort, = abortion. 













tient was hospitalized. ‘The aim was to achieve a 30 to 35 
‘percent level of activity. Electrocardiograms, chest roent- 
genograms with ‘pelvic shielding and phonocardiograms 
were obtained as indicated by clinical circumstances. It 
was recommended. that physical stress and trauma to the 
“uterus be avoided. 

Patient 1 discontinued anticoagulant therapy from the 
28th to 34th weeks of pregnancy because of persistent 
hematuria. Patient 2 discontinued anticoagulant therapy 
o> for’ 2 periods of 3 days each: during the 11th and 19th 

weeks of pregnancy because of a threatened abortion and 
“a tooth extraction, respectively: Patient 3 received in ad- 
dition to acenocoumarin, dipyridamole, 300mg daily by 


TABLE Ii 


Results of Pregnancy in 6 Patients with Prosthetic Heart Valves 





mouth, from the 20th week of pregnancy. Patient 4 com- 
pletely discontinued the anticoagulant agent in approxi- 
mately the 13th week of pregnancy because of a previous 
history of miscarriage; administration of dipyridamole, 
300 mg daily, was immediately started. Patient 6 received 
acenocoumarin and dipyridamole, 300 mg a day, after 
heart surgery; pregnancy was not suspected, and no spe- 
cial care or-advice was given. 

Management during labor and puerperium: An at- 
tempt was made to taper the dose of anticoagulant agents 
shortly before the expected time of labor in patients 1, 2, 
3 and 5, the last dose. of anticoagulants being adminis- 
tered 24 to 48 hours before delivery. Patients 1 and 3 re- 


ainabensinmntemeihtieatntnannsnnaniimaneetnenmmtimtiinunsniiveetsnmmeniniatireteitetteiecasetnnsnuanetennaneieninimmen-tmiemenmnttrnitintartfssinniitunsinsnsnn aa anman mimaa 











Mother Infant 
Prothrombin Pro- 
Time at thrombin 
Case Delivery Complications. of Weight Time 
no, Complications During Pregnancy Delivery C) Labor and Puerperium Sex (g) (A) 
1 Congestive heart failure; Vaginal 24 Hypotonic. uterus, ee F* 1660 100 
severe toxemia; hematuria í hemorrhage, wound 
: hematoma, dehiscence 
2 Threatened abortien; mild toxemia; Vaginal 35 None M* 2760 100 
premature rupture of fetal 
membranes 
3 Sinus tachycardia; pulmonary Caesarean 90 Caesarean section F 3030 100 
edema j 
4 Congestive heart failure Vaginal 100 None F 3000 
5 None Vaginal 65 None F 2360 
6 Congestive heart failure; abortion None 





et Delivery by forceps. 
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ceived 5,000 units of heparin intravenously every 4 to 8 

hours.to maintain the clotting time within therapeutic 
-tange, starting the day after delivery and continuing for 1 
- to 2 days. Patient 3 received 30 mg of diluted intravenous- 
< ly administered dipyridamole by slow drip infusion during 
caesarean section and every 8 hours for 3 days. Treatment 
with orally administered anticoagulant agents was re- 
sumed 48 to 72 hours after delivery in patients 1 to 5, and 
oral administration of dipyridamole was continued in Pa- 
tients 3 and 4. 


Results 


. Complications during pregnancy: Only Patient 
‘5 had no complications (Table II). Patients 1 and 4 


had episodes of congestive heart failure and were 


‘treated with digitalis, diuretic agents, salt restriction 
and bed rest. Both had chronic atrial fibrillation, 
and conversion to sinus rhythm was not attempted. 
Patients 1 and 2 had, respectively, severe and mild 
toxemia and were managed with diuretic agents, salt 
restriction and bed rest. 

Patient 1 had persistent hematuria from the left 
kidney, as shown by cystoscopic examination and 
excretory urograms performed during the 30th week 
of pregnancy. Anticoagulant agents had to be 
discontinued from the 28th to the 34th weeks. . 

Patient 2 had a threatened abortion about the 
11th week. Acenocoumarin therapy was discontinued 
for 3 days. In this patient the fetal membranes rup- 
tured 24 hours before labor. 

Patient 3 had several episodes of life-endangering 
sinus tachycardia and pulmonary edema around the 
18th week but responded to digitalis, intravenously 
administered diuretic agents and bed rest. 

Patient 6, with aortic and mitral valve prostheses, 
had mild congestive failure at the time of concep- 
tion. Her amenorrhea was wrongly attributed to 
heart failure and no special diagnostic tests were car- 
ried out. Acenocoumarin therapy was continued de- 
spite vaginal bleeding for which she consulted anoth- 
‘er service. There dilatation and curettage were per- 
formed during the sixth week of pregnancy, without 
discontinuation of anticoagulant therapy. Autopsy of 
the embryo was not performed. 

In Patients 3 and 4 malfunction of the prosthetic 
valve was suspected because of pulmonary edema or 
congestive failure, muffling of the valve sounds and 
abnormal phonocardiograms. This impression was 
not. substantiated by the clinical course or repeat 
_ studies. 

Complications during labor and puerperium: 
Four patients had vaginal deliveries under light 
general anesthesia (Case 1), epidural block (Case 2) 
or no medication (Cases 4 and 5). Patient 3 had a 
caesarean section under general anesthesia in order 
to decrease the strain of a potentially prolonged 
labor in a primipara with a suspected malfunction- 
ing valve. In Patients 1 and 2 forceps were prophy- 
lactically applied to accelerate the last. stage of 
Jabor. The prothrombin times at or about the time of 
delivery ranged from 24 to 100 percent. 

Patient 1 entered the delivery room with a 24 per- 
cent prothrombin time. She had a hypotonic uterus, 


bled profusely and required blood transfusions, vita- 
min K, and ergotamine. A late hematoma and de- 
hiscence of the episiotomy required surgical treat- 
ment after anticoagulant therapy was discontinued. 

Infants: One male and 4 female infants weighing 
1,660 to 3,030 g were born without detectable con- 
genital defects. The infants delivered by forceps 
showed no untoward effects. The prothrombin time 
in samples from the umbilical cord of the first 3 in- 
fants were normal. However, small doses of vitamin 
Kı were given to 2 infants (Cases 1 and 2) since the 
prothrombin time of the mothers was prolonged. The“ 
premature infants were kept in incubators for vari-: 
ous periods of time. 

Follow-up: Patient 1 has had repeated bouts- of 
congestive heart failure and presently is undergoing 
further studies. Patient 6 was referred to the 
gynecologist for contraceptive advice. Patients 2, 3,4 
and 5 lead normal lives and are considered to have 
functional class I or II disease (New York Heart As- 
sociation classification). The 5 infants are alive and 
well. 


Discussion 


There seems to be little question about the need. 
for adequate long-term anticoagulation in patients: 
with certain types and models of heart valve pros: 
theses.17:18 However, several reports have stressed 
the maternal and fetal dangers when anticoagulant 
agents are administered during pregnancy.!.5.7.1921 
Other studies have shown that anticoagulant agents 
can be used in the expectant mother during labor: 
and puerperium without increasing the risk of com- 
plications.® 8-22 

Once pregnancy was diagnosed in our first 2 pa- 
tients, we decided to continue acenocoumarin thera- 
py until term for the following reasons. (1) The pa- 
tients were under our direct care. (2) They were al- 
ready receiving the drug and were familiar with its 
use and potential complications. (3) We believed 
that control would be easier, and probably safer, 
than with parenterally administered heparin. (4) 


There is no definite evidence that anticoagulant ag- 


ents given in therapeutic doses increase the risk of 
maternal hemorrhage before, during or after deliv-. 
ery. (5) The cardiac surgery and maternity depart- 
ments are located in hospitals 100 meters apart. 
No emboli resulted from the 3 periods of discon- 
tinuance of anticoagulant therapy, 2 of which were: 
related to hemorrhagic complications. Although the 
dosage of acenocoumarin was diminished near the 
time of labor and administration was stopped 24 
hours before labor, both patients had prothrombin 
times within therapeutic range during delivery. The 
increased prothrombin time, plus the use of heparin. 
in our first case, appeared at least partially responsi-. 
ble for the uterine hemorrhage and wound hemato- 
ma. : 
Once the bouts of tachycardia and pulmonary — 
edema were controlled in the third patient, the sus 
picion of a swollen poppet led to her continued hos- 
pitalization on the surgical service during the last 5- 
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months of pregnancy. Treatment with dipyridamole 
was added to block other mechanisms of thrombus 
formation.23. She was transferred to the maternity 
ward for caesarean section. Heparin was used in the 
postpartum period as an added protection against 
embolism which had occurred 3 years before, when 
she was not receiving anticoagulant therapy. 

The fourth patient had already miscarried while 
_.receiving anticoagulant therapy before she came 
= under our care. No embolic complications occurred 
despite the long-lasting discontinuation of acenocou- 
marin, while she received dipyridamole. 

With the experience afforded by the previous 
cases, our fifth patient was handled with more confi- 
dence and without complications. Acenocoumarin 
was administered until term and then discontinued 
> from 24 hours before to 48 hours after delivery. 
~The sixth patient had had a previous abortion. 
< Her control was less than desirable, and since we 
were unable to diagnose the pregnancy the result 

“was unfortunate. These factors, poor control of anti- 
coagulant therapy and previous miscarriages, are 
known to increase the likelihood of fetal death.?? 

Conclusions 

This is the largest reported series of pregnant 
women with heart valve prostheses who were receiv- 
ing acenocoumarin at the time of conception. In 4 
cases the agent was administered until term and 
© discontinued 24 to 48 hours. before labor. without ma- 

ternal or neonatal mortality. One patient discontin- 
ued acenocoumarin during the 13th week of pregnan- 


cy and was treated with dipyridamole. The only 
abortion in our series occurred in a patient with a 
history of a miscarriage and less than ideal medical 
management, including continuation of acenocouma- 
rin therapy despite vaginal bleeding. 

Heparin was used as an adjuvant drug during 
puerperium in 2 cases, and dipyridamole as an adju- 
vant or alternate drug during pregnancy, labor or 
puerperium in 3 cases. The small number of patients 
receiving dipyridamole and the results do not allow 
conclusions regarding the safety of its use during 
pregnancy and labor. 

In 2 instances, trauma to the fetus during delivery 
was innocuous despite the continued use of anticoag- 
ulant agents and prothrombin times within thera- 
peutic range in the mother but not in the fetus. The 
5 infants are alive and free of detectable congenital 
defects. The premature delivery in 1 patient, man- 
aged at the time in another institution, was probably 
but not necessarily related to excessive anticoagula- 
tion, 

Review of the available reports and our own clini- 
cal material indicates there is not enough evidence to 
suggest sterilization or routine interruption of anti- 
coagulant therapy during pregnancy, or interruption 
of pregnancy, in patients with Starr-Edwards heart 
valves. The presence of prosthetic valves does not in 
itself contraindicate pregnancy. Pregnant patients 
with Starr-Edwards heart valve prostheses can have 
normal children if the use of acenocoumarin and 
other antithrombotic drugs is closely supervised. 
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Systemic embolization of an unsuspected left atrial myxoma during 
cardiac catheterization is described. Prompt histopathologic exami- 
nation of the embolic specimen established the diagnosis, allowing 
the tumor to be successfully removed during cardiopulmonary by- 
pass. The mechanism that led to the embolization and suggestions 
for avoidance of the complication are described. 


The diagnosis of primary cardiac neoplasms can tax the most astute 
clinician. The presentation can suggest a host of disease processes in- 
cluding incompetent or obstructive valvular lesions, cerebral vascu- 
lar accidents, collagen disease, Raynaud’s phenomenon! and various 
inflammatory processes. Improved diagnostic techniques have led to. 
a higher incidence of correct preoperative and antemortem diagnosis, 
Selective catheterization and angiography are the most productive of- 
these techniques; however, unexpected complications can result, “be-i 
cause of the friability of most primary cardiac lesions. 

The following case report describes the occurrence of embolization 
of a left atrial myxoma at the time of transseptal cardiac catheteri- 
zation for suspected mitral stenosis. 


Case Report 


A 49 year old man was transferred to this hospital in May 1971 for cardi- 
ac catheterization. He was first seen at another hospital in July 1970, when 
palpitations, dyspnea on exertion and a. diastolic murmur were docu: 
mented. Although there was no history of rheumatic fever and the patient. 
had been well and actively working throughout his lifetime, a clinical diag- 
nosis cf rheumatic mitral stenosis was made. ‘Over the next 9 months, the 
patient was admitted on 3 occasions because of recurrent episodes of short- 
ness of breath and paroxysmal nocturnal dyspnea. No improvement. was. 
noted with a regimen of digitalis, diuretic agents and potassium replace- 
ment, and the patient was transferred to this hospital for further evalua- 
tion. 

On. admission, the patient appeared in no distress. The blood pressure 
was 115/95 mm Hg, the temperature 99F, pulse 100/min with a regular’ 
rhythm, and respirations 30/min. Jugular venous distension, left paraster- 
nal heave, accentuated first apical sound, a grade 1 soft’ systolic murmur 
followed by an accentuated second sound in the pulmonic. area, an opening 
snap and mid-diastolic rumble. at the apex were noted. The chest was clini- 
cally clear, and the liver not palpable..Chest X-ray and cardiac series re- 
vealed primarily left atrial enlargement (Fig. 1). The electrocardiogram dis- 
closed sinus rhythm, prolongation of P-R interval and evidence of left atrial 
and right ventricular hypertrophy: Laboratory studies disclosed a hemoglo- 
bin value of 14.1 g/100 ml, and a white blood cell count of 11,850 mm; 
serum electrolyte values were within normal range. 

Cardiac catheterization and arteriotomy: On the following day; the 
patient underwent cardiac catheterization with the presumptive diagnosis 
of rheumatic mitral stenosis. After left ventricular angiography, transseptal 
puncture was performed and a test injection of contrast material was made. 
by hand into the left atrium. Most of the contrast material flowed promptly 
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FIGURE 1. Frontal X-ray film of the chest. The heart size is 
within upper limits of normal. However, there is a prominence of 
the upper portion of the left contour (arrow) caused by a dilated 
left atrial appendage. The pulmonary vasculature is normal. The 
presence of isolated left atrial enlargement is suggestive of mi- 
tral stenosis. 


into the left ventricle, but a small patch of increased density 
persisted after the remainder of the atrium cleared (Fig. 
2A). This patch exhibited a wide range of motion, moving 
toward the mitral orifice with ventricular diastole and in the 
opposite direction in systole. Almost immediately after the 
left atrial injection, a left facial palsy, slurred speech, weak- 
ness of the left arm and severe pain in the right arm devel- 
oped. Fluoroscopic study revealed that the opaque shadow 
in the left atrium had disappeared. On physical examina- 
tion the arterial pulse was noted to be increased in the 
right antecubital fossa and absent more distally: Occlu- 
sion of the right brachial artery due to embolization was 
presumed to be present. During the course of examination 
the neurologic symptoms cleared, but pain in the right 
arm and absent right radial pulse persisted. The patient 
was taken directly to the operating room where, under 


local infiltration anesthesia, a smooth 3 cm, translucent 
but firm piece of tissue was removed from the brachial 
artery at its bifurcation. Good backflow was noted, and 
the right radial pulse was strong after closure of the arterio- 
tomy. Pathologic examination of the specimen showed a 
cellular pattern typical of myxoma. 

Surgical findings: Nine days after the episode, the 
patient underwent cardiopulmonary bypass, and a 5 by 10 
cm myxoma was removed from the atrium through a 
transseptal incision. Its attachment was just below the 
fossa ovalis near the mitral valve annulus. The patient 
had an uneventful postoperative course and was dis- 
charged on the 24th hospital day completely asymptomat- 
ic and receiving no medications. 


Discussion 


Systemic embolization from left atrial myxomas 
occurs in approximately half of all reported cases.? 
Two forms of myxoma are distinguished: (1) a gelati- 
nous type, and (2) a regular firm mass that has a 
pedicle and is attached to the interatrial septum 
near the margin of the fossa ovalis.3 The first type 
especially tends to be friable and consequently gives 
rise to emboli; this tendency apparently increases in 
proportion to the size of the tumor.? Embolization 
frequently occurs without apparent predisposing 
cause but is more likely with mechanical manipula- 
tion of the tumor mass. Because of the ability of 
myxoma to simulate many disease processes, it is 
often not possible to make a certain diagnosis from 
clinical features of the disease. In our case, careful 
review of the previous admissions failed to uncover 
history of syncope or previous embolic disease. 
Serum electrophoresis on 1 occasion did show 
hypergammaglobulinemia, a finding that in retro- 
spect should have increased our index of suspicion of 
myxoma.* Contrast studies of the heart remain the 
best diagnostic tool for detection of cardiac tumors.® 
The danger of placing a catheter in close proximity 





FIGURE 2. A, 35 mm cine frame, frontal projection. This film was made after a small hand injection of contrast material into the left 
atrium through a transseptal catheter (C). A persistent patch of increased density remains (arrow). This patch exhibited considerable 
excursion during the cardiac cycle, moving toward the left ventricle during atrial systole. B, left ventricular cineangiogram, right anterior 
oblique view. During diastole, a lobulated filling defect (arrows) is seen within the opacified left ventricle (LV). The defect is in the re- 
gion of the mitral orifice and, except for its well defined margins, resembles the dilution defect normally produced as the nonopaque 


left atrial blood pours into the ventricle. 
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to a myxoma has been emphasized,® and dictates 
-certain precautions when this lesion is suspected. 
Left ventriculography and pulmonary arteriog- 
raphy: in the case presented, the features sug- 





_ gesting the presence of a tumor were not appre- 
-~ ciated from the left cineangiocardiogram until the 
films were formally reviewed (Fig. 2B). Observation 
of the television image during the injection of the 


contrast material into the left ventricle did show a 
_ poorly defined radiolucency in the ventricle during 
-< diastole, but this was thought to be a dilution defect 
- ` caused by influx of nonopacified blood from the left 


_ atrium. When a tumor produces incompetence of the 
mitral valve, the left atrium is often adequately 


“= opacified when the contrast material is injected into 
the left ventricle, and detection of the mass is then 
not difficult. However, a left ventricular angiogram 
will demonstrate only about half of all left atrial 


_ myxomas. A considerably higher yield will be ob- 
_ tained by pulmonary arteriograms as the left atrium 


_ becomes evenly opacified during the levocardio- 
_ graphic phase. 

-~ — Precipitating cause of embolization and its pre- 
vention: The events that precipitated systemic em- 
bolization in this case appeared to be lodgment of 
the transseptal catheter in the myxomatous mass 
followed by injection of contrast material. The 


| persistent opacified area in the atrium most certain- 
-. ly represents infiltration of contrast. material into the 


- myxoma. It seems likely that the disappearance of 


References 


c ote Skanse B, Berg NO, Westfield TC: Atrial myxoma with Ray- 
naud’s phenomenon as the initial symptom. Acta Med Scand 
164:321-324, 1959 

2. Goodwin JF: Diagnosis. of Jeft atrial myxoma. Lancet 
1:464-468, 1963 f 

3. Heath D: Pathology of ‘cardiac tumors. Amer J Cardiol 
21:315-327, 1968 

“4 Harvey WP: Clinical aspects of cardiac tumors. Amer J 


6. Steiner RE: Radiologic aspects of cardiac tumors. Amer J 


7. Schattenberg. TT: Echocardiographic diagnosis of left atrial 


October 1972 The American Journal of CARDIOLOGY Volume 30 


EMBOLISM OF LEFT ATRIAL MYXOMA—PINDYCK ET AL. 




















the shadow at the time acute central nervous system 
symptoms developed represented the breaking off 
and embolic transport of the injected piece of tumor. 
When an atrial myxoma or left atrial thrombus is 
suspected, a scout angiogram should be performed __ 
first by injecting contrast material into the main 
pulmonary artery.6 Transseptal puncture should not __ 
be attempted until a left atrial lesion is excluded. 
However, it does not appear justifiable to perform a. __ 
pulmonary arteriogram in all patients with mitral 
stenosis, especially in the presence of pulmonary hy- 
pertension. Thus, the best way of avoiding catheter = 
dislodgment of the tumor is to maintain a high index. __ 
of suspicion. i 
A further diagnostic tool, ultrasound, has recently: 
been proposed as a means of differentiating mitral 
stenosis from left atrial myxoma.? The procedure, 
reported to be relatively simple and without discern- 
ible risk, may be useful in detecting an unsuspected 
atrial myxoma, thereby avoiding the complication | 
encountered in our case. It should always be per- 
formed before cardiac catheterization if equipment is 
available and if myxoma is suspected clinically. 
Prompt pathologic examination of the embolus es- 
tablished the diagnosis of a myxoma in this case. We 
believe that routine histopathologic examination of 
all recovered peripheral emboli should be performed, 
since this may afford the first definite indication of 
the presence of a myxoma or other unsuspected: pri- 
mary lesion. 
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Two cases of acute muscular syndrome associated with administra- 
tion of clofibrate are reported. In both patients there was-a previous 
history of muscle pain during clofibrate therapy, which prompted us 
to rechallenge with the drug. Serum creatine phosphokinase activity 
became increased in both subjects, concomitant with muscle pain, 
but serum glutamic oxalacetic transaminase levels remained normal 
in one and were only moderately elevated in the other patient. The 
confirmation cf the existence of this rare syndrome (and perhaps the 
possibility that serum glutamic oxalectic transaminase may be mus- 
cular in origin in some patients treated with the drug) suggests the 
necessity of serial measurements. of serum creatine phosphokinase 
levels during the administration of clofibrate. 


Clofibrate (Atromid-S®) is a branched-chain fatty acid ester widely 
used for its hypolipidemic properties. Reported side effects include 
nausea and diarrhea,!:? skin rash,1-3 drowsiness and weakness, ! 
leukopenia, ! synergism with coumarin anticoagulants, 3-5 and rises in 
serum glutamic oxaloacetic and pyruvic transaminase (SGOT and 
SGPT) levels.t-3:6-12 In 1968 Langer and Levy® described an acute 
muscular syndrome associated with the administration of clofibrate. 
The patients experienced myalgia, stiffness, weakness, malaise and 
elevated serum transaminase and creatine phosphokinase (CPK) ac- 
tivity concomitant with drug administration. The data suggested 
that the toxic effect may have been dose-related. In a subsequent 
publication from the same laboratory a case of ventricular arrhyth- 
mia was reported by LaRosa et al.? The arrhythmia was thought to 
be induced by the administration of clofibrate. 

To the best of our knowledge, there has been no. published confir- 
mation of this syndrome. On the contrary, Vester et al.1% noted that 
in 44 diabetic patients treated with clofibrate for 3 years no symp- 
toms of muscular involvement or elevated CPK levels were found at 
any. time. In the series of Hunninghake et al.44 (45 patients studied 
for up to 4 years) elevated CPK levels were found in 15 percent of 
the patients studied, but muscle pain or myositis was not encoun- 
tered. Smith et al.45 observed no differences in CPK or SGOT activi- 
ty between placebo and clofibrate-treated patients, and they record- 


„ed no myalgia or muscle stiffness in 452 men who received the drug 


for 1 year. In the present study 2 patients are described who had 
clear findings of clofibrate-induced muscular syndrome. These pa- 
tients were referred to our Lipid Clinic, and careful history-taking 
elicited the elements of muscular pain in the past. during clofibrate 
administration. The patients were carefully. rechallenged with the 
drug with the following results: 


Case Reports 


Normal values for serum enzymes in the clinical laboratories of the Long 
Island Jewish Medical Center-Queens Hospital Center Affiliation are: cre- 
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FIGURE 1. 


: atine phosphokinase, 5 to 50 international units (LU.) 
_ (modified method of Rosalki)?®; glutamic oxalacetic 
transaminase, 5 to 40 units; glutamic pyruvic transami- 





i Mase, 5 to 40 units; and lactic dehydrogenase: 100 to 250 


“units. 


Case 1: A 59 year old white postmenopausal woman 
` was diagnosed to have angina pectoris 6 years before refer- 
ral to our clinic. She was treated with nitroglycerin and 
premarin (0.625 mg., 3 weeks out of 4). Because of elevat- 
¿ved serum lipid levels, clofibrate (2 g daily) was prescribed 
~ A-years earlier. The drug was.well tolerated for the first 3 
months of therapy. At this time severe muscle cramps of 
: the lower limbs developed. The administration of the drug 
was discontinued, and her symptoms disappeared shortly 
thereafter. She was referred to our clinic in March 1971. 
< Physical examination and electrocardiogram were normal. 
Laboratory values were total serum cholesterol 279 mg/ 
100 ml and serum triglycerides. 461 mg/100 ml (type IV 
hyperlipoproteinemia). A glucose tolerance test was nor- 
„mal, serum-free fatty acids: 760 uEq/liter, blood counts, 
urinanalysis and routine SMA-12 laboratory tests (inchud- 
. ing serum calcium, phosphorus, total bilirubin, albumin, 
total protein, uric acid, blood urea nitrogen, alkaline 
phosphatase and serum creatinine), were within normal 
«limits. The base-line level of CPK was 50 LU. The pa- 
tient, an educated woman, was- given- a detailed explana- 
tion of our intention to rechallenge with clofibrate, of the 
reported cases in the literature and of the possibility of 
side effects. Thus, informed consent was obtained. 
First challenge (full dose): On March 17, 1971 the ad- 
- ministration of 500 mg of clofibrate 4 times daily (2 g/ 
day) was begun. After 9 days of therapy severe pain and 
muscle cramps in both lower limbs developed. The pain 
was so severe that she spontaneously discontinued the 
medication. On March 30, CPK activity was 127 LU.; 


_. LDH, SGOT and SGPT levels were within normal limits 
-< (igi). The muscles of both thighs and calves were ten- 


der..The symptoms subsided about 1 week after discon- 





Serial enzyme levels in relation to the administration of clofibrate and muscle pain. A, Case 1; B, Case 2. 


tinuation of therapy, and serum CPK levels returned to 
normal (Fig. 1A). È 

Second challenge (half dose): On June 2, the adminis- ` 
tration of 500 mg of clofibrate twice daily (1 g/day) was 
begun. Eight days later, muscle pain, cramps and tender- 
ness developed in both thighs and calves. The level of 
CPK rose to 258 1.U.; all other laboratory examinations 
were normal. After the discontinuation of the administra- 
tion of clofibrate the clinical symptoms subsided and 
CPK levels soon returned to normal (Fig. 1A). 

Third challenge (one quarter dose): On June 29, the 
administration of 500 mg of clofibrate once daily was. 
begun. Nine days later weakness and cramps in both 
calves developed. The level of CPK increased to as high as 
119 I.U., with all other laboratory tests unchanged (Fig, 
1A). : 


Case 2: A 55 year old white male pharmacist experi- 
enced retrosternal pain during the winter of 1970. His 
family physician diagnosed angina pectoris and prescribed 
coronary vasodilators. Because of elevated serum lipid 
levels he was given clofibrate (600 mg 4 times daily). After 
about 1 week of therapy, severe pain and cramps. de- 
veloped in both calves. The administration of clofibrate 
was discontinued, and he was treated by dietary manage- 
ment and cholestyramine. He stopped all medication ex- 
cept multivitamins shortly before he was referred to our 
clinic. The physical examination was normal; an electro- 
cardiogram was normal, total serum cholesterol concen- 
tration was 230'mg/100 ml, serum triglyceride level was 
292 mg/100 ml {type IV hyperlipoproteinemia). Free fatty 
acid level was 440 yveq/liter. Blood counts, urinanalysis 
and SMA-12 tests were within normal limits. The CPK 
level was 55 LU. The experiment was discussed with the 
patient and informed consent was obtained. 

First challenge: On July 11, 1971, the administration 
of 500 mg of clofibrate 4 times daily was begun (2 g/day). 
After 7 days of treatment, severe pain and musele cramps 
developed in both thighs. The level of CPK rose to 492 
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LU., SGOT level was 120 units and SGPT and LDH levels 
remained within normal limits (Fig. 1B). After cessation 
of therapy, the symptems subsided, and serum enzyme 
levels returned to normal. 

Second challenge (half dose): On August 6, the adinin- 


istration of 500 mg of clofibrate twice daily (1 g/day) was 


begun. The patient received this therapy for 34 days with 
no signs of myopathy and without elevation of serum en- 
zyme levels (Fig. 2). On September 9, the daily dose of 
clofibrate was increased to 500 mg 4 times daily (2 g/day). 
Thirteen days later the level of CPK increased to 309 I.U. 
The level of SGOT increased to 100 Units, with no change 
in other laboratory tests. During this period muscle pain 
and tightness developed in the arms and in the chest wall, 
but the intensity of the pain was less severe than during 
the first challenge. It was thought that this was not angi- 
nal pain. After the medication was discontinued the 
symptoms rapidly subsided and enzyme levels returned to 
normal (Fig. 1B). 


Discussion 

Two patients with clofibrate-induced muscular 
syndrome are described. Both subjects had a history 
of previous intolerance to this drug, elicited under 
careful questioning. The data in the present paper 
confirm the previous report of Langer and Levy’ on 
this syndrome. Although in their observation the 
side effects were dose-related, the present data 
suggest that in 1 of our patients daily doses as low as 


1 g and even 500 mg of clofibrate resulted in the de- 
velopment of the muscular syndrome. 

In 1 patient the level of CPK activity was moder- 
ately increased, but SGOT levels were normal. Large 
increases of CPK with concomitant moderate eleva- 
tions of SGOT activity were noted in the other. Hess 
et al.17 found that the average magnitude of CPK 
elevation was about 3 times as great as the elevation 
of SGOT in heart muscle damage due to myocardial 
infarction. This ratio was even higher in skeletal 
muscle disease.17-18 Creatine phosphokinase is found 
mainly in skeletal muscle myocardium and in the 
brain. Small amounts are present in the urinary 
bladder, gastrointestinal tract and kidneys.17-?1 It is 
assumed that the elevated serum CPK activity in 
the present patients was muscular in origin. One 
could speculate that the elevation of SGOT activity 
during the administration of clofibrate might be also 
muscular in origin in some cases, especially in the 
presence of elevated CPK levels. There were no car- 
diac arrhythmias noted in our patients during the 
administration of the drug. 

On the basis of the present and previous reports 
the nature of this relatively rare syndrome is not 
quite clear. The existence of this syndrome suggests 
the necessity of serial measurements of CPK, in ad- 
dition to other tests, during therapy with clofibrate. 
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. Treatment of Cardiogenic Shock with Mechanical 
Circulatory Assist— Fact or Fiction? 
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< After almost 25 years of extensive experimentation 
- there appears to be confusion about the actual elini- 
eal performance of available mechanical systems for 
treatment of cardiogenic shock. Because shock con- 
tinues to have an 80 to 90 percent mortality rate, we 
consider it urgent that a multidisciplinary assess- 
ment. be made of clinical benefits and drawbacks of 
circulatory assist techniques. 

The most attractive assist technique is counterpul- 
. gation, which provides, in each cardiac cycle, left 
- ventricular unloading and augmentation of the myo- 
cardial perfusion potential. Such a dual assist con- 
cept represents an ideal approach to the treatment of 
cardiac pump failure because it may reverse the 
vicious cycle that tends to perpetuate the shock state. 

Among the growing number of counterpulsation 
systems developed to date are: (1) femoral arterial- 
arterial counterpulsation?; (2) venoarterial pulsatile 
phased bypass?; (3) intraaortic balloon pumping?-4; 
(4) ascending aorta synchronized pulsation®; (5) aor- 
tic root. balloon pumping; (6) unidirectional in- 
traaortic balloon pumping’; (7) external pressure 
cardiac assist’; (8) body acceleration synchronized 
with the heart®; and (9) implanted dynamic aortic 
patch for extended assistance.!° Partial effects of 
counterpulsation, particularly. unloading of the left 
ventricle, may be achieved with (10) transarterial 
closed chest left ventricular bypass, and (11) left 

-atrium-to-aorta. bypass.J*. Although most of the 

“physiologic data on the effectiveness of these systems 


were derived from animal experimentation, the ulti- 


mate test of effectiveness is its application to man. 
Results of 2 techniques that have recently been 
< popularized, intraaortic balloon and external pres- 
-sure counterpulsation, are now available for evalua- 
tion. 

Clinical results of balloon counterpulsation: 
Recent reports of 2 major studies!3-14 provided sta- 
> tistical data on this technique in patients with 
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TABLE | 


Intraaortic Balloon Treatment of Cardiogenic Shock: 
Clinical Experience! 


Survival 
Patients (22 mo.) Mortality 
Study Group (no.) (no.) (H) 
Cooperative Investigators 87 14 83.9 
Massachusetts 31 7 77.4 
General Hospital 
Total 118 21 82.2 



























cardiogenic shock as strictly defined by Myocardial | 
Infarction Research Unit (MIRU) standards. The 
standards provide that, after correction of hypo- ` 
volemia and: arrhythmias, the arterial pressure be | 
less than 80 mm Hg (or 80 mm Hg below preshock 
level), cardiac index be less than 2.1 liters/min, urine- 
flow be less than 20 ml/hour, and perfusion be di- 
minished to the brain and the periphery, with con- 
sequent signs of mental confusion or obtundation 
and cold clammy skin. 
Table I summarizes long-term survival statistics 
in these patients. Both-studies noted reversal of the 
shock state during pumping in 75 percent of pa- 
tients; however, the combined 2-month survival rate 
of only 18 percent is disappointing. Table II summa- © 
rizes the experience at the Massachusetts General 
Hospital. Of 60 patiénts with cardiogenic shock, 31- 
were treated with balloon pumping alone, and 29 
who could not be successfully weaned from the bal- 
loon were subsequently subjected to coronary revas- 
cularization surgical procedures. Seven of the former 
and 7 of the latter patients survived for at least 2 
months. Thus, when the 29 who could not be weaned 
from the pump are included, balloon pumping'.can- 
be considered to have failed to produce long-term | 
(2-month) survival in 53 (88.3 percent) of the 60 pa- ; 
tients who underwent this procedure. 
Clinical results of external pressure counterpul- — 
sation: Soroff!5 recently reported that he was able — 
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TABLE Il 


Intraaortic Balloon Pumping (IABP): 
Massachusetts General Hospital Clinical Experience 
Ca al a a a a 
Survival 
>2 
Patients Months Mortality 
(no) — (no.) (%) 


SONOS 


IABP alone 31 7 77.4 
IABP and surgery (after failure 29 7 75.8 
to maintain pressure when 
IABP was withdrawn) 
Total 60 14 76.5 


mininainen 


to save 9 of 20 patients with shock by application of 
the noninvasive external pressure body boot. How- 
ever, closer inspection of these data indicates that 
most of the patients might not qualify under the 
strict MIRU standards for cardiogenic shock. adhered 
to by the other groups. 

Interpretation of clinical results: What are we 
to deduce from these meager statistics? Interpreta- 
tion is difficult since the effects of circulatory assis- 
tance or surgical revascularization are being com- 
pared in patient populations with different degrees of 
myocardial involvement and, hence, chance for sur- 
vival. One obvious conclusion is that, if counterpul- 
sation is to be effective, it must be applied early, be- 
‘fore myocardial damage becomes too extensive and 

vicious feedback mechanisms render the shock state 
irreversible. To apply the assistance earlier it will be 
necessary to relax the present strict MIRU criteria, 
which carry a mortality rate of close to 100 percent, 
and involve a commensurately restricted population. 
Relaxation of these criteria to apply circulatory as- 
sistance to patients in the earliest stages of shock or 
preshock states will provide a much larger popula- 
tion for study, but will necessitate determination of 
new survival statistics for valid comparisons with 
untreated control groups. 

The results of combined intraaortic balloon pump- 
ing and saphenous vein aorta-coronary bypass 
(Table II) are impressive because the surviving pa- 
tients could not be weaned from the balloon pump- 
ing and certainly would have died. However, we 
wonder whether balloon support would have been 
necessary if surgical intervention had taken place 

. earlier. Several groups have recently reported a 50 to 
60 percent survival rate when myocardial revascular- 
ization procedures alone were applied. Of course, 
these operations were performed earlier in the shock 
state, thus minimizing the need for circulatory sup- 
port. 

How might counterpulsation correct the shock 
state?: All those familiar with cardiogenic shock 
realize that this condition is not a clearcut entity. 
The ratio of the contractile power to the systemic 
load is important in determining cardiac output. As 
a result of myocardial infarction, contractility and 


cardiac output may be significantly reduced. To 
maintain systemic pressure, peripheral resistance 
will increase. This tends to increase the left ventricu- 
lar afterload and myocardial oxygen consumption at 
a time when oxygen supply to the ischemic zone of 
the heart is sharply reduced. Compromised peripher- 
al tissue perfusion results in lactic acidemia; acidosis 
and myocardial hypoxemia reduce cardiac contrac- 
tility still further, thereby potentiating the vicious 
cycle. The regulatory mechanisms that produced in- 
creased peripheral resistance may fail, causing sig- 
nificant hypotension and a rapid deterioration of me- 
tabolism and cardiac function. These factors affect 
the myocardium supplied by the occluded vessel, 
and the reduced coronary perfusion pressure causes 
the normal viable myocardium to become progres- 
sively ischemic. Extended periods of hypotension 
bring about a dynamic expansion of the zone of isch- 
emia, and a wave of infarction spreading out past 
the twilight zone may eventually result in permanent 
destruction of a large fraction of myocardium. 

Circulatory assist techniques may interrupt the vi- 
cious cycle by reducing the impedance or afterload 
against which the left ventricle must pump, thus re- 
ducing myocardial oxygen consumption. The assist 
also provides augmentation of diastolic perfusion 
pressure, which may restore nutrition of the still via- 
ble myocardium. These 2 corrective actions are 
aimed at first interrupting and later reversing the 
vicious feedback cycles of shock so that cardiac func- 
tion of the nonoccluded myocardium is restored. 

Cardiogenic shock and extent of myocardial in- 
farction: Circulatory assistance will not revive 
dead tissue; there must be sufficient viable myocar- 
dium left at the time of pumping to permit restora- 
tion of cardiac function. In addition, most extensive 
damage occurs whenever therapy is delayed by hours 
or days. The fact that more than 40 percent of the 
myocardium is found destroyed in patients with car- 
diogenic shock makes one wonder how any form of 
treatment could provide significant improvement in 
the function of the remaining myocardium to modify 
radically the survival statistics. However, we are 
somewhat optimistic that function might be re- 
turned, for we have noted that in 2 patients with 
only 15 to 20 percent of viable myocardium remain- 
ing, the severe cardiogenic shock state could be re- 
versed by venoarterial pulsatile phased bypass. We 
were amazed that about 2 hours of circulatory assist 
restored normal pressure and cardiac output for 
about 1 week. These patients died of noncardiac 
causes, and autopsy established the extremely small 
amount of viable myocardium. +6 

Requirements of counterpulsation: What evi- 
dence is there that existing circulatory assist systems 
are able to (1) reduce the workload of the heart, (2) 
augment the coronary perfusion, and (3) maintain 
the cardiac output and systemic pressure at physio- 
logically adequate levels? There is experimental and 
clinical evidence that counterpulsation, when prop- 
erly applied, can indeed significantly reduce left ven- 
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tricular workload, which helps to correct the myo- 
cardial oxygen deficit due to compromised coronary 
circulation. 
_.~ To be effective, counterpulsation should (1) main- 
| tain coronary flow to the healthy myocardium, and 
(2) provide an adequate perfusion potential to any 
existing collateral or overlapping channels supplying 
the critically ischemic zones. Experimental data in- 
dicate that properly phased counterpulsation in car- 
-diogenic shock can augment coronary flow to nonoc- 
© eluded portions of the myocardium. Some investiga- 
_tors claim to have deduced retardation of the necro- 
sis by improvement of the collateral circulation, but 
there is no hard evidence to date that counterpulsa- 
tion significantly increases the nutritional flow to the 
area supplied by an occluded vessel. 

With respect to its ability to maintain perfusion of 
the peripheral organs, we frequently noted increased 
internal carotid and mesenteric arterial flow, 
Suggesting restoration of the cerebral and splanchnic 
. circulations.15 In contrast, renal arterial flow was 
- seldom improved,!5 which may be attributed to con- 

- tinuing renal angiospasm originally induced by the 
- hypotensive state, deranged lymphatic drainage or 
< modified reflex action associated with counterpulsa- 
tion. Further study of the effects of the counterpulse 
on each regional circulation is essential. 
-cr Inappropriate experimental shock model: 
- Models of the shock state in man and animals vary 
with each investigator, thus making comparative 
evaluation of systems almost impossible. Measure- 
ments obtained in the normotensive state are often 
compared with those obtained in hemorrhagic or 
= traumatic hypotension. Inappropriate conclusions 
are drawn when comparing intact with denervated 
preparations, or pharmacologically induced depres- 
sion of cardiac function with coronary arterial liga- 
‘tions or bead and mercury embolization to the coro- 
nary arteries. Both the bead and mercury techniques 
“are khown to introduce distortions of the total pe- 
ripheral resistance because they also embolize to the 
‘peripheral circulation. Mercury may cause toxicity of 
the myocardium. 

Synchronization control: All the current sys- 
tems: require synchronization within milliseconds, 
and their effectiveness is sensitive to extremely small 
deviations from optimal control settings. Published 
reports indicate considerable variability of the aortic 
root characteristics during counterpulsation and of 
the synchronization of its 2 important components, 
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the end-diastolic /systolic “sink” and the diastolic 
pressure “augmentation.”!5 A premature augmenta- 
tion wave is often erroneously superimposed upon 
the systolic contraction wave, thus increasing rather 
than decreasing aortic impedance and cardiac work- 
load. Our studies indicate premature or excessive 
end-diastolic sink compromises coronary flow.15 An 
improved understanding of mechanisms is needed to 
serve as a basis for better designs of future genera- 
tions of assist systems. 

Safety and reliability: Among primary prerequi- 
sites for adaptation of circulatory assistance as a 
form of therapy are, of course, safety, reliability and 
simplicity of the system. Positive steps must be 
taken to avoid obstruction of the aorta associated 
with inadequate systolic collapse of the balloon and 
diastolic overdistention of the aortic wall. Balloon 
overinflation has occasionally caused thrombus for- 
mation with subsequent embolization. We are con- 
cerned about the current difficulty in controlling the 
degree of balloon fitting to the size of the aorta. Bal- 
loon bursting upon contact with a calcified sclerotic 
plaque is reported to have caused the death of 1 pa- 
tient. Most of these problems can be avoided 
through more appropriate engineering design and 
improved balloon materials. In the aortic counter- 
pulsation systems, turbulence and whipping of 
catheters must be avoided to prevent hemolysis and 
thrombus formation. With femoral arterial counter- 
pulsation we have found that as much as 80 percent 
of the counterpulse wave energy is dissipated by the 
time it reaches the aortic root, thus suggesting that 
better performance can be obtained by pumping di- 
rectly at the level of the aortic root. 

Our present conclusions can be summarized as 
follows: (1) It remains to be demonstrated that cir- 
culatory assistance therapy reduces mortality to a 
greater extent than pharmacologic or surgical treat- 
ment. (2) Cardiogenic shock as currently defined by 
the strict definition of the Myocardial Infarction Re- 
search Unit involves an extent of myocardial de- 
struction that does not permit return of sufficient 
cardiac function. (3) Effective results can be ob- 
tained only by earlier implementation of circulatory 
assistance. (4) The mechanisms of augmentation of 
coronary perfusion and ventricular unloading must 
be clarified and better controlled. (5) The burden is 
upon protagonists of a counterpulsation system to 
demonstrate clearly its effectiveness, reliability and 
safety in man. 
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Medicine and the Mass Media 


o CHRISTIAAN N. BARNARD, MD, PhD, FACC 


-< Cape Town, South Africa 


“The hired journalist, I thought, ought to realize that 
“he is partly in the entertainment business and partly 
in the advertising business—advertising either goods 
or a cause or a government. He just has to make up 
his mind whom he wants to entertain and what he 
<- wants to advertise. The humbug and hypocrisy of the 
-) press. begin only when newspapers pretend to be ‘im- 
partial’ or ‘Servants of the public’ and this only be- 
«comes dangerous as well as laughable when the public 
is fool enough to believe it.” 


~The author of these words, Mr. Claud Cockburn, has 
for the past 40 years written for the entire spectrum 
- of the British. press, from the respectably conserva- 
tive London Times to the scurrilous and astringent 
“Private Eye. His statement of credo, therefore, al- 
though not universal in the world of mass media, has 
the conviction of many years of effective journalism 
behind it. Those who have had much to do with the 
mass communicators will recognize it as reasonably 
accurate and applicable. 

In. December 1967, the human heart was trans- 
-planted for the first time at Groote Schuur Hospital 
“in Cape Town, South Africa. Literally within hours 

of the last suture being tied, the routine of the hospi- 
ctal and the lives of all concerned with the operation 

were disrupted. by an influx.of press, television and 
» radio men, unprecedented in the history of the coun- 
try. They came from every major news network in 
the West, bringing with them all the sophisticated 
technology of contemporary mass communication. 
Groote Schuur Hospital was totally unprepared, and 
for several days something close to chaos prevailed. 
It became, in fact, necessary to seek police interven- 
tion to secure the welfare of the recipient and the 
personal privacy of many of the medical and nursing 
staff. 
In reviewing the events of those first few weeks one 
© might perhaps feel that we lacked circumspection in 
the extent to which we “allowed” journalists and 
newsmen access to information that would ordinarily 
have been sacred. But, even with the wisdom of 
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hindsight, I frankly do not know that we could have 
behaved any differently or moderated the apparent 
publicity in any way. Any attempt to conceal would 

have been futile. Events demonstrated quite clearly 
that a journalist hungry for a story is unstoppable. 
All the “no comments” we could have mustered 
would have done nothing to diminish the story; how- 
ever, they might have diminished its accuracy. Per-" 
haps in naiveté and inexperience, perhaps even 
through a readiness to receive recognition for an 
achievement we felt was as, if not more, important — 

than many that are feted in the daily press, or per- _ 
haps by virtue of a reluctance to offend by failing to 

respond, we cooperated to the extent of press confer- 
ences, radio talks and television interviews. In less 


than a week medicine came to provide entertain- 


ment for the masses on a truly grand scale. Problems 
relating to such issues as donor organ procurement, 

the heart as the seat of the soul and the desecration 
of the dead were manufactured to provide “meaning- 
ful dialogue” for the uninformed millions: The pub- 
lic, hungry for heroes and lives less jaded than its 
own, was fed. Spare-part surgery provided a verita- 
ble windfall of copy and “comment” to fill the 
spaces between the advertisements arid commercials 
that make the whole mass communication enterprise 
viable in the first place. It would be churlish to leave 
the impression that nothing of value emerged from 
this circus. Undoubtedly, the focus of public atten- 
tion brought with it funds for research and develop- 
ment and the awareness of public officials and politi- 
cians of the prestigious value of progressive medical 
schools and teaching hospitals. The rewards in terms 
of both money and public relations have been sub- 
stantial. 

Admitting the good and accepting some measure 
of the blame, it is nonetheless important to note that 
there were many negative aspects to the publicity we 
received. First, it created dissension among members 
of our profession. Heavy criticism for neglecting the 


traditional taboos of publicity were often leveled _ 


without regard to the fact that once it had gathered. 
momentum, we were truly powerless to control it. 
Many believed, quite justifiably, that their contribu- 
tion to the operation was inadequately recognized by - 
the disproportionately small measure of the publicity 
they received. The press did little to soothe injured 
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tomas © 


: i “gensitivities when it published snide comments made 


in the privileged heat of the moment or failed to give 


prominence. to genuine attempts to emphasize the 


magnificent and pioneering achievements. of others. 
As a result, many firm professional and academic 


friendships were damaged—-some of them irrepara- 


bly. 
Second, the publicity sparked off a spate of band- 
-wagon transplants by teams ill equipped to perform 


: -them but constrained to try by motives that are far 
from medical. The cperation fell into disrepute for a 


number of years, and it is only recently that it has 
“recovered a respectability and is emerging as a seri- 
ous therapeutic procedure. 
Finally, by exploiting the public taste for the 
macabre, the press did a great deal of harm to the 


. trust that had been built up between large hospitals 


-such as our own and the communities they served. 
-The publication of irrelevant and often sordid details 
of the circumstances surrounding the death of the 
donor left doubt in the minds of many regarding the 





ability of the hospital to repect confidentiality. 
Sanctimonious leaders calling for inquiries into the 
definition of death and fatuous articles under such 
headlines as ‘Was the donor really dead?” gave rise 
to the fear in the minds of patients that the doctors 
at Groote Schuur Hospital were more concerned 
about snatching their hearts than about healing 
their ailments. A reprehensible practice of the press 
of paying relatives or friends for controversial state- 
ments, usually adverse, regarding the life of the re- 
cipient after transplantation left the distasteful im- 
pression that the medical reports were false. 

In these respects, then, the press did harm. It is 
pointless to debate the issue of whether it did more 
harm than good. It is perhaps more constructive to 
realize that the press is with us and we are part of 
the society it mirrors, We cannot, therefore, hope to — 
avoid dealing with it. Our problem is to decide how 
we can use our associations with the mass media to 
maximize the benefits to the objectives of medicine 
and to minimize the harm. 
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PREGNANCY COMPLICATIONS, 
CARDIOVASCULAR 


Sodium metabolism, aldosterone and the hypertensive 
disorders of pregnancy. Ehrlich EN, et al 
J Reprod Med 8:106-10, Mar 72 (45 ref.) 
Management of hypertensive gravidas. Feitelson PJ, et 
al. J Reprod Med 8:111-6, Mar 72 (48 ref.) 
The pathophysiology of hypertension in pregnancy. 
Simon NM, et al. J Reprod Med 8:102-5, Mar 72 (57 ref.) 


SMOKING 


Venous thrombosis in relation to cigarette smoking 
physical activity and seasonal factors. Feinleib M. 
Milbank Mem Fund Q 50:Suppl 2:123-41, Jan 72 (41 
ref.) 


THROMBOEMBOLISM 


The relation of thromboembolic disease to 
cardiovascular disease. Kuller L, 

Milbank Mem Fund Q 50:Suppl 2:89-104, Jan 72 (28 
ref.) 


THROMBOPHLEBITIS 


Venous thrombosis in relation to cigarette smoking 
physical activity and seasonal factors. Feinleib M. 
Milbank Mem Fund Q 50:Suppl 2:123-41, Jan 72 (41 
ref.) 

Endocrine factors and risk of venous thrombosis. Masi 
AT. 

Milbank Mem Fund Q 50:Suppl 2:46-59, Jan 72 (48 ref.) 

Genetic and hematologic factors in venous thrombosis. 
Murphy EA. 

Milbank Mem Fund Q 50:Suppi 2:71-88, Jan 72 (70 ref.) 

Possible risk factors in the development of venous 
thrombosis. Gastrointestinal disease, infection and 
dehydration. Sackett DL. 

Milbank Mem Fund Q 50:Suppl 2:105-22, Jan 72 (49 
ref.) 


* Citations obtained from the National Library of Medicine’s MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 
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President's Page 





Dr. Samuel M. Fox, III 
ACC President 


The College has served an increasingly 
important role in continuing education 
and, with its Bethesda Conferences, as a 
forum in which to develop position papers 
on important issues relating to cardiology. 
With an interest in exploring the possibili- 
ties of other areas of service, Dr. Jeremy 
Swan, President-Elect, suggested visits to 
regional gatherings of some College Gov- 
ernors and a few others. This past Au- 
gust, after some preliminary discussions, 
Jeremy, Bill Nelligan and | held unstruc- 
tured meetings for some creative think- 
ing with College leaders in Salt Lake City, 
St. Louis, Atlanta and New York City. The 
format was productive of a variety of con- 
cerns and questions, including the follow- 
ing: 

Concern was expressed that to continue 
to provide leadership in a time of need we 
must have funds to initiate new ventures 
and to assemble groups to propose more 
and better services to maintain and en- 
hance cardiovascular health. A more re- 
alistic dues structure and slightly increased 
fees for continuing education programs 
appear mandatory even to keep up today’s 
level of activity. We are fortunate that we 
have not been obligéd to increase dues 
for the last 7 years. 

The opinion was also expressed that the 
College should respond to the needs of all 
of the approximately 12,000 physicians 
who have listed themselves as committed 
to a highly significant involvement in 
cardiovascular care, as well as many 
others. At the moment the College has 
5,500 members, mostly in the full Fellow- 
ship category. These include a large ma- 
jority of the senior cardiovascular consul- 
tants in the United States. Many of us have 
looked on the “Affiliate” member as a 
junior cardiologist who should be on a 


clear track to becoming the consulting 
subspecialist, eligible for Fellowship in 
the near future. A revised concept of 
membership and modified expectations 
relative to senior recognition within the 
College would permit us to include and 
respond to a wider representation and thus 
better serve the many who are not, and 
may never care to become, subspecialists 
but who provide care for the majority of 
patients with cardiac disease. 

The core curriculum has had enthusi- 
astic acceptance at our Annual Meetings, 
and regular regional presentation of this 
type of material would strongly undergird 
the customary programs that present new 
concepts and applications. Greater use of 
local personnel as faculty would stimulate 
further communications and permit econo- 
mies. 

Specific small-group, practical “work- 
shops” appear to be widely desired but 
would require realistic financing and pos- 
sibly a part-time schedule so as not to 
disrupt unduly other important functions 
of the host faculty. 

Self-assessment programs are request- 
ed by many and viewed as a means to 
avoid future misguided regulations for in- 
appropriate or burdensome reexamina- 
tion. Many voices were heard proposing 
compulsory exposure to continuing edu- 
cation for maintenance of membership as 
required by the American Academy of 
Family Physicians. Much. further consid- 
eration will be given to how to make opti- 
mal the voluntary incentives yet satisfy 
the growing desire of citizens to be as- 
sured that knowledge gained from recent 
developments is appropriately included in 
every physician's practice. 

Conditions of service in which cardiolo- 
gists find themselves concerned many. 
There often appears to be a greater value 
placed on technical procedures than on 
the careful elicitation of a meaningful his- 
tory, physical examination and essential 
laboratory data and their appropriate syn- 
thesis into what must be done within the 
patient’s desired life-style. A Bethesda 
Conference might constructively clarify 
the role of the cardiologist. 

Federal governmental involvement is 
increasing, and many legislators and ad- 
ministrators request help in planning. 
State governments are also becoming 
aware of responsibilities, and even local 
boards of review wish to know that car- 
diovascular services are adequate and 
competently directed. The College must 
take a more active and effective role ear- 
lier in this process. Perhaps we should 
develop standards or criteria for electro- 
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cardiographers and others before outside 
pressures force precipitous action. 

There is a continuing need to reenforce 
the understanding that Heart House will 
be a “resource for the continued learning 
of cardiologists all over the world” and 
not an academic ivory tower only for 
those who visit it. Yes, we need a head- 
quarters building—but we need far more 
an institution that will respond in all pos- 
sible and innovative ways to the requests 
and needs of the practicing cardiologist, 
within or close to his own practice milieu. 

Many of our Fellows do not attend our 
Annual Meetings or continuing education 
programs after receiving their Fellowship. 
Apparently, we are not competing ef- 
fectively for their attention or supplying 
their “felt needs.” We must solicit their 
ideas of what would be most useful and 
what new efforts would improve their abil- 
ity to provide optimal cardiovascular care 
for their patients. 

Many more important questions were 
raised. The discussions were active— 
often exciting—and yet at no point was 
there rancor or anything but a construc- 
tive, helpful attitude. We can take com- 
fort in the interest and dedication of those 
who took the time and trouble to contrib- 
ute—many leaving vacations to do so. 

One opportunity appears great—that of 
creating a more useful role for our Col- 
lege Governors. Although funding mecha- 
nisms are not clear, there seemed inter- 
est in having regiona! or state meetings 
of College members—not just Fellows— 
to feed in ideas to the Board of Governors 
and the Board of Trustees. These could in- 
clude scientific reports and exhibits but 
would seem primarily desired for the op- 
portunity for cardiologists to discuss how 
they can best make available the services 
that we are all in the fortunate position of 
being able to provide. Perhaps a no-host 
retreat to a pleasant area would be con- 
structive and permit family members to 
see that professional responsibilities are 
not always onerous. 

Two other ideas appear meritorious: 
Should each Governor have the right to 
appoint an advisory group—perhaps to 
help develop future candidates for Gover- 
nor, but chiefly to help plan a more useful 
local role for the Coltege? In anticipation 
of the need should we have Governors- 
Elect serve for a year or more before the 
term of the incumbent is completed? 

These ideas, and many others, are in 
our minds, and we would appreciate 
hearing from the College membership 
about ways to improve all the College ac- 
tivities. 


, - Calendar of Continuing Medical Education Programs 


ooo The National Committee for Con- 
=c tnuing. Medical Education, William 
-= Likoff, MD, FACC, Chairman, announces 
the: following calendar of programs. 
-Each program is designed. to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
-jective of each program as well as its 





content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
ẹxercises the prerogative of final re- 
view and approval, whether the pro- 
gram is’ sponsored solely by the College 
or in collaboration. with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national. in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 
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gram structures vary as to methods: of 
education. 

The . National Committee far Com 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians. 
alike in continuing education for the 
clear reason that: participation provides 
a unique opportunity to. deepen one's’ 
understanding of heart. disease, the 
most formidable and challenging health: 
problem of our time. 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1972 
%* . Preceptorships. in Cardiology. 
Arthur Selzer, FACC, director. 


Pacific Medical 
Francisco, Calif, 
* To be arranged individually 


Center, San 


“8 Cardiology and the Problem- 
Oriented System: A Preceptor- 
ship in the Practical Use of the 
System. J. Willis Hurst, FACC, 
director. Emory University 
School of Medicine, Atlanta, Ga. 
* To be arranged individually 


ocr. When, Why and How in Everyday 
ey oa Cardiology. Charles Fisch, FACC 
and Borys Surawicz, FACC, 
co-directors. Marion. County 
General Hospital, indianapolis, 
Ind. 
-OCT. The Pre-Hospital Phase of Acute 
5-7 Myocardial infarction. John B. 
Johnson, FACC, director. Shera- 
ton Park Hotel, Washington, 
D.C. 
ocr. Vectorcardiography: A Basic 
11-13 Workshop. Alberto Benchimol, 
FACC, director. Mountain Sha- 
dows Hotel, Scottsdale, Ariz. 
OCT. Electrocardiographic. and Thera- 
peutic Problems in Acute Myo- 


47-19 


cardial. Infarction. William J. 





Grace, FACC, director. St. Vin- 
cent's Hospital and Medical Cen- 
ter of New York, New York, N. Y. 


ocr. Principles of Cardiac Arrhyth- 

26-28 mias. Edward K. Chung, FACC, 
director. The Greenbrier, White 
Sulphur Springs, W. Va. 

NOV. Cardiology 1972. T. K. Lin, 

3-5 FACC, director. Princess Kaiu- 
lani Hotel, Honolulu, Hawaii 

NOV. Cardiology tor the Consultant. 

6-15 E. Grey Dimond, FACC, director. 
Rancho Santa Fe inn, Rancho 
Santa Fe, Calif. 

DEC. Exercise and the Heart: Cur- 

1-2 recent Concepts and Applications 
in Health and Disease. Ezra A. 
Amsterdam, FACC, Jack H. 
Wilmore, Joseph A. Bonanno, 
FACC, Robert F. Zelis, FACC, 
and Dean T. Mason, FACC, co- 
directors. University. of Cali- 
fornia at Davis, Davis, Calif. 

DEC. Colloquia in Cardiology: Number 

6 §——Clinical Problems in Cardiac — 
Disease. Robert W. Oblath, 
FACC, director. The Ambassador 
Hotel, Los Angeles, Calif. 

DEC. Fifth Annual Symposium: Paths 

8-10 of Progress in Cardiovascular 


Disease. Henry i. Russek, 
FACC, director. Americana Ho- 
tel, New York, N. Y. 
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1973 
Controversies. in Cardiovascular. 
Disease: A Practical interpreta-. 
tion: James R. Jude, FACC, di- 
rector and Hugh Gilmore and _ 
Morton M. Halpern, FACC, co-) 
directors, Sheraton Four Am- 
bassadors Hotel, Miami, Fla. 


JAN, 
10-12 


Core Curriculum: Cardiovascular. 
Physiology: Clinical implications 
of Newer Concepts and Meas. 
surements, William W. Parmley, 
FACC and'H. J. C. Swan, FACC; 
directors. Cedars-Sinai Medical 
Center, Los Angeles, Calif, 


JAN. 
11-12 


A Perspective on New Tech- 
niques of Treatment in ‘Con... 
genital and Acquired Heart Dise 
ease. John H. K: Vogel, FACC, 
director ana Bruce ©. Paton and 

Leslie L. Kelminson, FACC, 

co-directors. Opticon Theater, 

Snowmass-at-Aspen, Aspen; 
Colo. 


JAN. 
14-16 


Stress and the Heart. Robert $. 
Eliot, FACC, director, . Ponte 
Vedra Club, Ponte Vedra Beach, 
Fla. 


JAN. 
29-31 


FEB. 
14-18 


Twenty-Second Annual Scien- 
tific Session. Samuel M.. Fox HI, 
FACC, president. St. . Francis: : 
Hotel, San Francisco, Calif. 


Reconvened Scientific Session. 
James A. Orbison, FACC, direc- 


FEB. 
19-20 
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tor. Maui. Sheraton, Maui, Ha- 
wail 


Rancho Santa Fe inn, Rancho 
Santa Fe, Calif. aa 


Management of the Critically tit 


FACC and Keith E; Cohn, FACC; 
co-directors, Jack. Tar Hotel, 
San Francisco, Calif. 





a MAR Consultant's Course. iñ Gardi- ne i Cardiac Patient. Henry D. Mc- 
12-17 ology. Simon Dack, FACC, di- intosh, FACC, James K. Alex- MAY The- Clinical Manifestations of 
rector, Mount Sinai Medical ander, FACC and Edward W. 23-25 Congenital Heart Disease trom 
Center; New York, N. Y. Dennis, FACC, co-directors. The : Birth through Adulthood. Joseph 
Py a p i Methodist Hospital, Houston, K. Perloff, FACC, director and 
CO MAR, Non-invasive Methods in Cardi- Tex. “Sidney Friedman, FACC and 
16-18." ology, Apencardiography, Pho- William Rashkind, co-directors. 
nocardiography, Pulse Tracings APR. Non-invasive Techniques in the Hospital ‘of the University of 
and Phonoarteriography. Samuel — 144-15. Diagnosis of Heart Disease. Pennsylvania, Philadelphia, Pa. 
Zoneraich, FACC, ` director: Clarence Agress, FACC and H. 
Queens ‘Hospital Center, Jamai- J. C. Swan, FACC, co-directors. 
ca, N.Y. Century Plaza Hotel, Los. An- JUNE Atherosclerotic Heart Disease 
geles, Calif. 21-22. 1973. Robert i. Van. Citters, 
“MAR. © Electrocardiographic Interpreta- FACC, John N: Lein, and Harold 
26228. tion of Arrhythmias: A Physio- APR. Current Concepts in Cardiology T. Dodge. FACC, co-directors. 
a logical Approach. Charles Fisch, 30- -—1973. Philip Akre, director and Anchorage Westward . Hotel, 
FACC,. director. Indiana Üni- MAY John A. Bowers and Masato Anchorage, Alaska 
versity Medical Center, India- 3 Takahashi, co-directors. Cae- 
napolis, Ind. saris Palace, Las Vegas, Nev. 
MAY How to Collect a Cardiovascular 
APR. Phonocardiography: A Work- 7-9 Data Base; J. Willis Hurst; FACC 
2-4 shop. Aiberto Berchimol, FACC, and Robert ©. Schiant, FACC. 
director. Mountain Shadows Royal Coach Motor Hotel, At- 
Resort Hotel, Scottsdale, Ariz. lanta, Ga. 
UAPR. Cardiology for the Consultant. MAY A Critical Approach to Cardio- 
oan E. Grey Dimond, FACC, director. 17-19, vascular Therapy. Arthur Selzer, 





Se 


22nd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 





San Francisco, California February 14-18, 1973 


e Scientific Exhibits 
Deadline for requests for space: October 15, 1972 


e Cardiovascular Films 
Deadline for submission: November 1,1972 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific. Session 
Department, American College of Cardiology, 9650 Rockville.Pike, Bethesda, Md. 20074. 
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GEORGE WEHNES CALVER 
1887-1972 


Admiral George Calver, eighth president 
of the College, died unexpectedly at his 
Washington home in his 84th year. He 
was graduated from George Washington 
University in 1912 and went immediately 
into the Medical Corps of the Navy where 
he had active duty on sea and on land 
until 1928 when he became attending 
physician to the Congress of the United 
States. He was the first physician to hold 
the post to both houses of the Congress, 
and he served in that capacity until his 
retirement in 1966. He had the rare dis- 
tinction that as a naval officer he could 
not be retired except by an act of Con- 
gress. 

The Presidents of the United States 
that had served in the Congress were on 
an affectionate first-name basis with Dr. 
Calver, who had attended them there. 
Back in 1929 there was an appalling se- 
ries of coronary deaths in Congress and, 
since Dr. Calver was a recognized car- 
diologist, he was a natural choice for the 
appointment. It was a wise choice, for by 
1965 Calver was able to report an entire 
year without a single case of coronary 
disease in Congress. He kept strict tabs 
on every senator and on every represen- 
tative, and “nobody talked back to the 
Admiral.” His influence was apparent 
from the results. 

Dr. Calver served as president of the 
College for the term 1958-1959. It was a 
time when it was noted that the College 
was beginning to make the grade; effort 
was needed, and President Calver did not 
stint on effort. This was the year that saw 
the founding of our Journal with the publi- 
cation contracts and outline of policies, 
and the fortunate choice of our own ex- 
president, Simon Dack, editor. Calver had 
much to do with that. 

An important contribution at that time 
put the College squarely on the national 
scene: Certificates to foreign Fellows who 
could not come to our Convocations were 
forwarded in diplomatic channels to’ for- 
eign embassies and conferred by the 
country’s American ambassador. The Fel- 
lowship was reported in the news media 
of each country; our Department of State 
began to know that the College was form- 
ing international ties. With the institution 


of the International Circuit Courses by 
Drs. Corday and Dimond this continuing 
international “medical peace offensive" 
was soundly established. 

As presicing officer of the College, Dr. 
Calver was a practiced parliamentarian; 
his meetings were models of getting 
things done smoothly. He was courteous 
but firm; his rulings were definite and 
quick. He had the kind of organizational 
ability that made the meetings construc- 
tive and fairly short. Like a good military 
man he knew how to keep on target, and 
nobody wandered from the business in 
hand. 

The Calver Convocation made history; 
it had the pomp and circumstance that an 
Admiral could provide. We had a military 
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color guard and a military band, and ev- 
erything went off with clockwork preci- 
sion; the academic procession was the 
most impressive we had had. The medal- 
ist and Convocation lecturer was Dr. Paul 
Klemperer, a distinguished pathologist of 
New York. At the end of the Convocation, 
Caiver handed the presidential gavel to 
Dr. Osler Abbott of Georgia. 

Admiral George Calver left his imprint 
on every office that he held. He left an 
imprint on the Navy and on the Congress 
of the United States. We who worked 
with him are most grateful for the imprint 
that he left upon the College. 


Philip Reichert, FACC 
College Historian 
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_ INSTRUCTIONS FOR AUTHORS — 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


@ Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 


: (4) references; (5) legends; (6) ta- 


~ bles: and (7) figures. 
ə Number. all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 
e Type all matter: (1) on 814 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . .” followed by 
_ full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 


words for case reports. 


e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


ə Number pages in sequence after 
abstract. 

è Type in duplicate; double-space. 
-+ Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D: C, 
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e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowlecgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

ə Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which. they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


o Start at top of new page. 

o Type in duplicate; double-space. 
ə Number. pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


ə Give each table a number (in roman 
numerals: Table 1, H, etc.) and a title. 
Number the tables in order in which 
they are mentioned. in the text. 

o Provide a footnote to each table-— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


> Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 
è Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 
ə Use arrows to designate special fea- 
tures. 
e Crop. photomicrographs to show 
only essential field. 
e Identify figures on back by num- 
ber and author's name. 
e Number figures in order. in which 
they are.mentioned in the text. 
ə Indicate top of each figure. 
e Submit. written permission from 
publisher and author to reproduce 
any previously published figures. 
e Limit figures to number necessary 
for clarity; The publisher allows a 
limited sum toward. reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acide 
and blood coagulation parameters of dogs. J 
Pharmacel Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20, In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed), Baltimore, 


Williams & Wilkins, 1968, p 1% 


For books (with identical author and editor): 


36, Berne E: Principles of Group. Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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pulses per 
minute...or 5( 


The new MDI-100 high rate atrial pacer. The most flexible e) 
pacer ever developed. It’s two pacers in one. 


PCURRENT 





The unit can be used as a high ri 
pacer — useful in the control | 
re-entrant rhythms. Or as a fixed | 
tricular pacer. In the ventricular 
mechanical lock prevents the rate 
from being turned past 150 pulses 
ute. The unit has been used to conv 
flutter or to control ventricular tac 
caused by atrial fibrillation. 


This is the first unit to have adjustal 
width control which enables you to 
atrial capture. 


A unique, automatic battery dete 
flash a warning light when the : 
transistor batteries are within hou) 
pletion, and the light will continue 
until batteries are replaced. 


The new MDI-100. From 50 to 5,0 
Two pacers in one. Write today 1 
information on procedures and eq 
We think it will quicken your pulse. 


Sv STEMS Med Data -- - O" record for innovation 


in medical data systems 


O Yes, l’d like to know more about the new MDI-100. Please send 


detailed specifications and information on procedures. 


Name 
Title 
Institution 
Address 
City 


O Please have your representative contact me regarding the place- 
ment of an MDI-100. 


Zip 


Return to: Med Data, Inc., Dept. AJ 
2715 Marshall Court, Madison, Wis. 53705 


= | MA N\A LN CA 


Its a defibrillator. 

It’s a complete monitoring 
and diagnostic ECG system. 

It’s an ECG recorder. 

it’s a rate meter with alarms. 

It’s a synchronizer. 

It’s a complete ICU-CCU 
acility integrated into a single 
sortable unit. 

It’s LIFEPAK 911 ...the 
atest addition to the Physio-Contro 
amily of defibrillators. 








~ -You can tell it’s one of the family. 
 LIFEPAK 911 has our battery-powered 
_ LIFEPAK’s exclusive Quik- Look® feature... 
an instant ECG reading through the 
defibrillator paddles.* 
_. LIFEPAK 911 operates with the same 
_ foolproof single-switch charging control you 
get on our modestly priced Series 70 
defibrillator. 
“oo LIFEPAK 911 offers the same syn- 
~-chronizer that comes in our Model 092 
all-purpose line-powered defibrillator. 
+- oV LIFEPAK 911 combines dozens of the 
© best inherited characteristics its ancestors have 
„c to offer, including a few family traits that 
< have been a part of every defibrillator we’ve 
ever built: Maximum safety, ease of operation 
me and _performance-proven dependability. 
So what’s new? What’s new is, nobody 
Ge put this many cardiac care functions into 
-a single unit before (defibrillating, full limb 
_ lead capability with complete patient isolation 
in both monitoring and diagnostic modes, 
_ synchronizing, rate meter with alarms, ECG 
< recorder)...A unit you can really move 
_ around.. .A unit that becomes a complete 
_ auxiliary ICU-CCU, wherever you plug it in! 
Try that on your old crash cart! 
Actually, there are 4 new LIFEPAK 911 
f models to choose from: 
| = Model. “*P”’—defibrillator-cardioscope 
: Model “Q’’—defibrillator-cardioscope 
i and recorder 
; Model “R” —defibrillator-cardioscope, 
n rate meter and synchronizer 
; Model “S” —defibrillator-cardioscope, 
tale meter, synchronizer and recorder 
And what about Model “T”? If you 
“haven't already guessed, that’s our LIFE 
PAK 911 CART. Any color, so long as 
it’s white. 
If you'd like to get all the details about 
-thë new LIFEPAK 911, or any other member 
of the Physio-Control defibrillator family, or 
if you have any question at all about 
- defibrillators, don’t ask anyone but the 
world’s leading defibrillator manufacturer. LIFEPAK 2 
-Contact Physio-Control Corporation, 
- 2607 Second Avenue, Seattle, Wash. 98121, 
or phone (206) 624-4824, Telex 32-0166. 
" *LIFEPAK/33 and Quik-Look are registered trademarks of 


Physio-Control Corporation. Quik-Look feature patented 
< under U.S. Patent. No. 3,547,108. 
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Reliability 


























Increased reliability in the new generation 
of Vitatron Medical pacemakers. 


Vitatron Medical announce their 
series of electronically advanced pace- 
makers of an entirely new design and 
highly reliable performance. Electro- 
nically the new circuitry is remarkably 
stable and designed to meet the safest 
operation possible, adding a new di- 
mension to pacemaker longevity. The 
batteries remain unconnected to the 
circuitry until implantation. 


For detailed technical information write: 
Vitatron Medical N.V. 

P.O. Box 76, NL 6210 Dieren, Holland. 
Vitatron Medical Inc., 

MILTON, Mass. 02186 (USA) 


The reliability of the design has 
been achieved by the use of compo- 
nents of the highest quality and by the 
circuitry design itself. Any hazardous 
electronic failure has been eliminated. 

Thorough electronic component 
tests, selection systems and double- 
check production methods guarantee 
the reliability of the new Vitatron 
Medical pacemakers. 


MEDICAL QI 
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Clinically, the most experienced 
system for temporary 


cardi 


For counterpulsation treatment or 
support in cardiogenic shock, myo- 
cardial infarction and other low 
output situations . . . including with- 
drawal after heart-lung machine 
use ... the Avco System is quickly 
and easily instituted at bedside. 

For many practical, performance- 
related reasons, the Avco System 
has become the most widely used 
intra-aortic balloon pump in clini- 
cal applications. 





Non-occlusive balloon — ex- 
clusive, patented three-cham- 
ber design. Prevents end-oc- 
clusion, thus eliminating blood 
trapping and excessive stress 
on the aortic wall. A physiolog- 
ically optimal pumping action. 
The advanced antithrombo- 
genic co-polymer material 
developed for balloon con- 
struction permits use in non- 
heparinized patients. 





sistance 


QRS synchronization — the unique 


logic system provides precise syn- 
chronization with normal and abnor- 
mal rhythms. Preset balloon inflation 
and deflation timing is triggered 


automatically by the patient's QRS 


complex. Timing is maintained by pre- 
diction of the R-R interval. 


Emphasis on patient safety — Safety 
engineering in the Avco System in- 
cludes fail-safe venting, self-initiated 
trouble identification and, if needed 
. . . independent operation with a self- 
contained battery supply. 


Automatic reset 
—the Avco Sys- 
tem contains 
many features for 
ease of operation, 
such as automatic 
reset for changes 
in interval or drop of an R wave. Com- 
plete automation with minimum ad- 
justments means full, convenient, con- 
tinuous control while observing the 
patient and his condition. 





The Avco 
intra-Aortic 
Balloon Pump 


Behind the Avco System stand seven years of clinically oriented 
development and the Roche nationwide service organization. 
For literature and reports on clinical experience, write to us now. 


*Developed by Avco Corporation and manufactured for Roche Medical Electronics 
Division 





Medical Electronics Division, Hoffmann-La Roche Inc., Cranbury, N.J. 08512 
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When assisted 
circulation is À 


indicated... 
Carcdiassist 


EXTERNAL PRESSURE CIRCULATORY ASSIST 


A noninvasive — atraumatic — easily and quickly applied 
method of counterpulsation. 

For complete information write Medical Innovations, Inc., Dept. AJC 
332 Second Ave., Waltham, Massachusetts 02154. 
Telephone: (617) 890-4266. Cable: MEDINCORP, 
Waltham, Massachusetts, USA. 


ee See CARDIASSIST nik So pressure circulatory assist demonstrated at the Angual Scientific Sessions of the 
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For eight years we’ve been 


helping cardiologists explore the 
diagnostic uses of ultrasound. 


The new Ekoline 20A shows 
E what we've learned. 


Eight years ago, echocardiology 
was a new and untried diagnostic 
technique. Today it’s being 

used to detect pericardial effusion, 
evaluate mitral valve function, 
measure cardiac output, detect 
intracardiac tumors—plus many 
other uses. 

Eight years ago, the ‘Ekoline 20’ 

, was a new and untried diagnostic 
instrument. Today it’s being used routinely in hundreds of 
America’s leading medical centers. 

In the process, we've learned what it takes to satisfy the 
practicing cardiologist. That’s why the new ‘Ekoline 20A’ now 
offers improved resolution, a better slow-sweep display, 
and an easier-to-use camera. That’s why we've just introduced 
a new graphic recorder which gives continuous “grey-scale” 
write-outs of cardiac echo patterns. 

Like to see what we've learned? Write today for a 


demonstration. 
SI4I 


Smith Kline Instruments, Inc. 


440 Page Mill Road, Palo Alto, Calif. 94306 
A SUBSIDIARY OF SMITH KLINE & FRENCH LABORATORIES 











System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data’ show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 

* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 


Artif. Int. Organs, Vol. XVI, 1970. 
** U.S. Patent #3,347,452 


Datascope System 80 








DUR LATEST ADDITION 


Marquette has added another member to its growing family - 
The Series 2100 Automatic Cassette Electrocardiograph. Intended 
for a variety of applications, the Series 2100 is especially suited 
for the acquisition of electrocardiograms in those areas where 
phone service is limited, multiphasic screening where immediate 
interpretation is not required, and the acquisition and trans- 
mission of exercise electrocardiograms. 

A unique recording technique insures high quality data which 
can be transmitted over ordinary phone lines. The process 
minimizes phone line usage and enables excellent recording 
and playback fidelity. 


See the SERIES 2100 at the AHA Convention, Nov. 16-19, 1972, 
Dallas, Texas Booth Q 13-15, P 13-15. 


Interested? Write or call Marquette Electronics, Inc., 3712 West 
Elm Street, Milwaukee, Wisconsin 53209. Telephone: 414/352- 
3500 TELEX: 2-69545 MARQUETTE MIL. Sales and service in 
all major cities. 


Marquette 


biomedical systems...worldwide 





A-77 





VANGUARD 
MODEL XR-35 


35MM FLICKERLESS 
PROJECTOR 





VERSATILE! 
ECONOMICAL! 


The VANGUARD Model XR-35 
Flickerless Projector is versatile 
and easy to operate. Designed for 
analysis of 35mm motion picture 
and X-Ray film. 


FEATURES: 


@ full cine speed (30fps) for normal 
motion picture viewing 


@ low scan speed (6fps) for slowing 
down motion 


è single frame advance for frame by 
frame analysis 


@ forward and reverse film travel 
è wall projection 

@ image rotation 

@ ease of operation 

è flickerless projection 


OPTIONAL FEATURES: 


@ rear projection screen (Model XR-11 
Rear Projection Hood shown above) 


@ Polaroid Land Camera attachment 


@ movable cart for Model XR-35 Pro- 
jector 


PHONE OR WRITE FOR DETAILS 


VANGUARD 


INSTRUMENT CORPORATION 


1860 WALT WHITMAN ROAD 
MELVILLE, N.Y. 11746 
(516) 249-3031 
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Advanced Instrumentation 
for Advaneing Medicine 





FOR HEART DISEASE DETECTION: 





PhonoCardioScan® 
heart sound screening unit 


This was developed specifically as 
a mass screening aid to be oper- 
ated by non-medical personnel. 
It is a portable, rechargeable- 
battery-operated, digital-analog 
computer which examines pre- 
cordial heart sounds in children 
and automatically differentiates 
between abnormal and normal 
sounds with every heart beat. 
The PhonoCardioScan Unit was 
clinically evaluated for over two 
years by leading cardiologists. In 
communities throughout the na- 
tion it has since proved an impor- 
tant aid in the detections 
disease, as reflecta ADnorma, 
heart sounds and murmurs. 
Unique in principle and design, 
this electronic cardiovascular de- 
vice rapidly reports abnormalities 
through a series of lights 
front panel. The ia Ube rate 
merely observes and recordS=w 


no interpretation required. Com- 


munity physicians examine all 
suspect cases as defined by the 
PhonoCardioScan, and determine 
which children require furtbe 
medical attention. 


Size: 1214” x 8144" x 4%" 
Weight: 11 pounds 
Cost: $3,800 

















It has been the pioneer pur- 
pose of Humetrics Corpora- 
tion to use advanced medical 
and electronic technology in 
the development of the equip- 
ment pictured here. These 
encompass mass screening 
instruments to detect hidden 
heart defects in both children 
and adults. 
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ElectroCardioAnalyzer® 
ECG screening unit 


This is a definite advance in the 
mass screening of adults for car- 
diac involvement. The Electro- 
CardioAnalyzer Unit instantly 
analyzes the electrocardio- 
graphic signal direct from the 
person being checked. 

The instrument differentiates 
between the normal and abnor- 
mal ECG pattern. It determines 
also pasis for any abnor- 
y by defining the parameter 
within any lead that is outside 
normal limits. All data is ana- 
lyzed within the unit and dis- 
played automatically on the front 
tions are available 
with computers, ECG 
s and tape recorders. 


ioned for operation by non- 
O ersonnet, this clinically- 
valuated instrument can check 
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II xT" x 17" 
Weight: 28 pounds 
Cost: $9,300 
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“The drug of choice 
for oral replacement 
` of potassium is 








; 


COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium, 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison’s Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patiént, since the amount of defi- 
ciency and corresponding daily dose is 


AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


otassium chloride 
solution.’ 
Kay Ciel Elixir is 
otassium chloride... 
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astes good too! 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease, In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles, 


OCoPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Echocardiogram in Myocardial Infarction 
Lysis of Coronary Thrombosis 
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In the treatment o 
atrial fibrillation... 


BE it's one thing torestore the rhythr 
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s another to maintain the patient. 


How to brake the heart. The modern 
hod of choice for conversion of atrial fibrillation 
ormal sinus rhythm is direct current countershock. 
ntaining normal sinus rhythm—and maintaining 
patient—is another matter. A “pharmacologic 
emaker” that has a fundamental antiarrhythmic 
on is Quinaglute® (quinidine gluconate). A specific 
naintaining normal sinus rhythm, Quinaglute 
certain distinct advantages for long-term control: 


the unique Dura-Tab® construction permits 
dual release of quinidine gluconate to maintain 
‘apeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
ds avoid middle of the night dosage and early 
ming reversion. 


Quinaglute Dura-Tabs are well tolerated with 
gastrointestinal disturbances 


UINAGLUTE Dura-Tabs’ 


jinidine gluconate) 5 gr. (0.33 Gm.) 
“a pharmacologic pacemaker” 





Indications: For the prevention of premature atrial, nodal or ventricular contractions. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or 
chronic). . 
Contraindications: Same as for other forms of quinidine, including partial A-V or com- 
plete heart block; intraventricular conduction defects, especially marked QRS widen- 
ing; sensitivity to quinidine; renal disease with significant azotemia; development of 
cardiotoxic effects (conduction defects or ventricular premature beats, ventricular 
tachycardia, or flutter) while taking the drug; marked cardiac enlargement with con- 
gestive failure; poor renal function especially with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, @.g., febrile reactions, 
skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, administer 
preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in pa- 
tients with severe heart disease, congestive heart failure, digitalis intoxication, renal 
insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for 
close observation, ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting increased risk. With the 
dosage regimen (see ‘‘Dosage’’) of 2 tablets every 8 hours, higher blood levels than 
necessary for maintenance of normal sinus rhythm could be reached, whereas with 
1 tablet every 12 hours, the blood levels may be too low to maintain normal sinus 
rhythms. Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms of cinchonism at once 
(including tinnitus, decreased auditory acuity, vertigo, blurred vision, color perception 
disturbances, photophobia, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be discontinued immedi- 
ately if such symptoms or evidence of hypotension occur. If gastrointestinal disturb- 
ances (rarely reported) occur, they may be minimized by administering the drug with 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and 
cardiovascular state of the patient. The quantity and frequency of administration must 
be determined for each patient. For the prevention of premature atrial, nodal or ven- 
tricular contractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hours or 1¥2-2 tablets 
every 8 hours are usually required. The occasional patient may be maintained in nor- 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours, Occasionally larger or more 
frequent dosage may be required, but such increases should be used only after 
thorough evaluation of the patient, including serial electrocardiograms and determina- 
tion of plasma quinidine levels. The ideal dosage is the minimum amount of total 
dose and frequency of daily administration that will prevent premature contractions, 
paroxysmal tachycardias, and maintain normal sinus rhythm. 

Supplied: Bottles of 100 and 250 tablets. 


Goper Cooper Laboratories, Inc., Wayne, N.J. 07470, U.S.A, 
Ste. Therese, P.Q., Canada 
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defines more and more 
patients who should be spared 
the severe depressant effects of 
narcotic analgesics... 
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Injectable 


Talwin 


(as lactate) 


growing 


When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 
in patients with 
e chronic illness 
e advanced age 
e chronic obstructive 
lung disease 
e pleural effusion 
e cirrhosis 
e myocardial 
infarction 
e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 

e considerable 
blood loss 

e muscle relaxants 
for surgery 


and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 





Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 


Injectable 


Brand of 


pentazocine 


(as lactate) 


in moderate | 
to severe pain 


Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Available in 
Omg., 45mg., and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 


of moderate to severe intensity 
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therapeutic doses OT | alwin nave experienceyu, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g. marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
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sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manitestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.) and 
1¥2 ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 mi (60 mg.) in boxes of 25 and 
100. Each 1 ml. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
| placed by nitrogen gas. 


| Winthrop Laboratories, New York, N.Y. 10016 
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Linnaeus called her felis catus. Ancient 
Egypt worshipped the domestic cat, 
deifying her as the goddess Pasht. 
Cat lovers throughout history have 
credited her with acute sensory powers, 
including the ability to distinguish friend 
from foe, warn of silent attack, 
foretell disaster. 


Now, man has VIDA. This pocket-sized 
cardiac monitor keeps continuous watch, 
alerting its wearer that ventricular 
fibrillation, the death-causing arrhythmia, 
may be imminent. Triggered by 
VPC’s or other pre-set 
conditions, the alert may give 
time to prevent fibrillation 

and sudden death. 


Remote diagnosis can be 
made from the VIDA’s 
modulated tone which 

the patient can telephone 
over any distance to a 
VIDAGRAPH" in his 
physician’s office or ina CCU. 


Third of a series. Reproductions on request suitable for framing. 


LEN CARDIODYNAMICS -VIDA MEDICAL SYSTEMS 


6841 DUBLIN BLVD., DUBLIN, CALIFORNIA 94566 


All UPEN IUEI LO UIE TI@UICal PrOTeSSION 
on the eve of the availability of the 
first production models of VIDA" 


LEE CARDIODYNAMICS -VIDA MEDICAL SYSTEMS 


6841 DUBLIN BLYD. DUBLIN, CALIFORNIA 94566 


September 1, 1972 


In October, 1969, Cardiodynamics was organized to develop 
VIDA, the first portable VPC warning system. In the three 
years since, we have been sustained and greatly encouraged 
by the repeated expressions of interest from physicians 
in all corners of the United States. 


The first production models of VIDA are now available. The 
manufacturing technology is intricate, and we have spared no 
pains to ensure the sensitivity, accuracy and reliability 
of VIDA. We hope you will appreciate — because of this— 
that the initial quantity is limited. 


Since VIDA is a unique new cardiac device, specially trained 
Cardiodynamics representatives will make personal delivery 
of VIDA. These men are fully familiar with the operating 
principles involved in VIDA and backgrounded in the latest 
clinical applications. They are available on request 
for advice and assistance. 


As rapidly as possible, additional quantities of VIDA will be 
distributed to all sectors of the United States. Meanwhile, 
we thank you again for your interest and your patience. 


For further information on VIDA including pricing and 
specifications, please write to us at the address above. 


Sincerely yours, 


Robert L. Chapman, 
President 


A-7 





Aname 
worth repeating 


PANWARFIN’ 


sodium warfarin 


0008000 





The American Journal of CARDIOLOGY 


_ Editor-in-Chief 
<- SIMON DACK, MD, 
New York 


Associate Editors 


E. GREY DIMOND, MD, La Jolla, Calif. 


GEORGE C. GRIFFITH, MD, 
Los Angeles 


Editorial Consultants 


` Senicr Assistant Editors 


RAYMOND HARRIS, MD, Albany, N.Y. 


LESLIE A. KUHN, MD, New York 


Assistant Editors 


IRA J. GELB, MD, New Rochelle, N. Y. 


MELVIN KAHN, MD, New York 





CRAWFORD W. ADAMS, MD, Nashville 
FORREST H, ADAMS, MD, Los Angeles 
ALBERTO BENCHIMOL, MD, Phoenix 
RICHARD J. BING, MD, Pasadena 
-§, GILBERT BLOUNT, Jr., MD, Denver 
SIDNEY BLUMENTHAL, MD, Miami 
- EUGENE BRAUNWALD, MD, Boston, Mass. 
$u ALBERT N. BREST, MD, Philadelphia 
ELIOT CORDAY, MD, Beverly Hills 
< ERNEST CRAIGE, MD, Chapel Hill,.N.C. 


<. JAMES E. CROCKETT, MD, Kansas City, Mo. 
HAROLD T. DODGE, MD, Seattle 


MARVIN |. DUNN, MD, Kansas City, Kans. 

JESSE E, EDWARDS, MD, St. Paul 
CHARLES FISCH, MD, Indianapolis 

JOHN F. GOODWIN, MD, London, England 

ALLAN V. N. GOODYER, MD, New Haven 


RICHARD GORLIN, MD, Boston 

DONALD E. GREGG, MD, Washington, D.C. 
DWIGHT E. HARKEN, MD, Boston 

DONALD C. HARRISON, MD, Palo Alto, Calif. 
HERMAN K. HELLERSTEIN, MD, Cleveland 
ROGER B. HICKLER, MD, Boston 

J. WILLIS HURST, MD, Atlanta 

THOMAS N. JAMES, MD, Birmingham 
ARNOLD M. KATZ, MD, New York 

JOHN D. KEITH, MD, Toronto 

JAMES J. LEONARD, MD, Pittsburgh 
MAURICE LEV, MD, Chicago 

WILLIAM LIKOFF, MD, Philadelphia 
ROBERT S. LITWAK, MD, New York 
BERNARD LOWN, MD, Boston 

ALDO A. LUISADA, MD, Chicago 

DEAN T. MASON, MD, Davis, Calif. 

B. L. MARTZ, MD, Indianapolis 


Publications Committee, American College of Cardiology 





_ JOHN ROSS, Jr., San Diego 
Chairman 





Editorial Director 
Helena B. Mannion, New York 


Managing Editor 
Ruth R. Ohman, New York 


Assistant Managing Editor 
Frances Ebel, New York 





HENRY D. McINTOSH, MD, Houston 
JERE H. MITCHELL, MD, Dallas 
ALEXANDER S. NADAS, MD, Boston 
ROBERT C, SCHLANT, MD, Atlanta 
BERNARD L.SEGAL, MD, Philadelphia 
ARTHUR SELZER, MD, San Francisco 
WILLIAM A. SODEMAN, MD, Philadelphia 
DEMETRIO SODI-PALLARES, MD, Mexico 
City 
EDMUND H. SONNENBLICK, MD, Boston 
EDGAR SOWTON, MD, London, England 
ALBERT STARR, MD, Portland 
BORYS SURAWICZ, MD, Lexington, Ky; 
H. J.C. SWAN, MD, Los Angeles 
RICHARD VAN PRAAGH, MD, Boston 
ARNOLD M, WEISSLER, MD, Detroit, 
Michigan ` 
HENRY A. ZIMMERMAN, MD, Cleveland 





SIMON DACK, New York 
HERBERT J. LEVINE, West Newton, Mass. 
GEORGE C. MORRIS, Jr., 


Houston 


Poet PEE EAE 


CHARLES E, RACKLEY, Birmingham 
SAUL J. ROBINSON, San Francisco 
BURTON E. SOBEL, San Diego 








- AJCDAG 30(6) 587-712, (1972) 


THE AMERICAN JOURNAL OF CARDIOLOGY,® Ofticial Journal of the American College of Cardi- 


ology, November 8, 1972, Vol 30, No. 6. 


Member, American Business Press, Inc. and Audit Bureau of Circulations: 


except July and November, semimonthly, by 


Published: monthly, = 
the Magazine Division, DUN. DONNELLEY. 


PUBLISHING CORPORATION, a member of the Dun and Bradstreet Group, William Fy Ward, droy 
President; John K. Abely, Vice President and General Manager, Magazine Division, EXECUTIVE, °° 
EDITORIAL AND ADVERTISING OFFICES: 666 Fifth Ave., New York, N. Y. 10019) Printed in oo: 


Easton, Pennsylvania. 


SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the: o 


right to refuse unqualified subscribers. Address 


correspondence regarding subseriptions and: 


changes of address to: THE AMERICAN JOURNAL OF CARDIOLOGY, 666 Fifth. Ave., New.) 
York, N, Y. 10019. Please include your zip code and, in case of change of address, copy of old. 
address label, Changes of address must reach the Journal one. month preceding month ofissue. _. 
Single copy price: Regular Issues $3.00; Symposium and Special issues $5.00, Subscription rate 

for individuals in field of publication: United States $18.00 a year; Canada $19.00; Foreign $22.00; 
Residents, Interns, and Medical Students $7.00 lass than regular subscription rates. 


Second class postage paid at New York, N. Y. and additional mailing offices. Printed in U:SJA. 

Trademark ® in U.S. Patent Office. © Copyright 1972 by Dun. Donnelley Publishing Corporation, 
All rights reserved, No part of this publication may be reproduced or transmitted in any form or 
by any means, electronic or mechanical, including photocopying, recording or by any information 
storage retrieval system, without written permission of the copyright owner. Prices on bulk: re 


prints of articles available on request. 


MANUSCRIPTS: All manuscripts should be addressed to the Editorial Office. See “Instructions: . a n 


for Authors,” on page 704. 


ABSTRACTS: Permission to abstract must be obtained in writing from the publisher. 
AMERICAN COLLEGE OF CARDIOLOGY: AH communications for the Col liege except manuscripts 





should be addressed to the American College of Cardiology, Office of the Executive Director, 9650 


Rockville Pike, Bethesda, Md. 20014. 


LOUIS F. LE JACQ, Publisher 


CABG 





Innovators of Sophisticated but Practical 
Diagnostic Systems to Help You Provide 
Better Patient Care Economically 


1. Dynamic Electrocardiographic Systems — Avionics Electrocardiocorders (Holter monitors) are 
available for continuous DCG recording of heart action of active ambulatory patients for 
periods of 4 to 24 hours, without changing tapes or batteries. Associated scanning equipment 
and/or services are also available. 


2. Stress Test Systems — Avionics treadmills, exercise telemetry, and compact monitors including 
scope, heart rate meter, S-T segment computer, strip-chart recorder, and automatic 
programmer are available for stress testing. 


3. Respiratory Gas Analyzer System — Now available from Avionics is a totally automatic compact 
system that provides a computerized minute-by-minute update of respiratory functions 
during physical stress testing. 


4. Automatic Blood Pressurometers — Avionics offers continuous, automatic Blood Pressure 
Monitors with five precalibrated sensitivity ranges for taking blood pressure across the complete 
spectrum of patient conditions ranging from stress testing to shock. 


O Please send literature on above items(s) (1) _, (2) {3)2 , (4) _. 














~] Contact me for a demonstration. 


Name and Title = a: 








Organization. —— — 2 


Address 
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AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Higħway, Los Angeles, California 90045/Phone: (213) 641-7700 
Del Mar Engineering Laboratories 
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CLINICAL STUDIES 


587 Contraction of the Hypertrophied Left Ventricle in Man Studied by 
Cineradiography of Epicardial Markers 


IAN G. McDONALD 


Postoperative cineradiographic studies of epicardial markers after aortic valve replacement in 10 patients 
demonstrated that impaired myocardial function and an abnormal pattern of left ventricular contraction 
accompany severe left ventricular hypertrophy in aortic valve disease. Changes in left ventricular function 
associated with left ventricular overload are either irreversible or only slowly reversible. These observa- 
tions may have important implications in identifying the optimal time for aortic valve replacement. 


595 New Type of Cardiomyopathy Associated with Diabetic Glomerulosclerosis 


SHIRLEY RUBLER, JOEL DLUGASH, YUSUF ZIYA YUCEOGLU, TARIK KUMRAL, 
ARTHUR WHITLEY BRANWOOD and ARTHUR GRISHMAN 


Cardiomegaly and congestive heart failure of no known cause in 4 patients are attributed to a new type of 
cardiomyopathy associated with diabetic glomerulosclerosis. However, the direct effects of abnormal myo- 
cardial metabolism in diabetes cannot be completely excluded as a contributing factor. 


603 Atrial Pacing in Coronary Artery Disease, Including Preinfarction Angina 
and Postoperative Studies 


JOSEPH W. LINHART 


This right atrial pacing study demonstrates good correlation between the severity of coronary artery dis- 
ease and pacing-induced angina. Little improvement in myocardial performance was noted after aorto- 
coronary artery vein bypass surgery despite good initial clinical results such as less pacing-induced angina 
and fewer electrocardiographic changes. 


611 Anatomic and Functional Correlates of Intercoronary Collateral Vessels 


CLIFFORD N. HARRIS, MARVIN A. KAPLAN, DAVID P. PARKER, WILBERT S. ARONOW 
and MYRVIN H. ELLESTAD 


Coronary arteriography demonstrated intercoronary collateral vessels in 39 of 181 patients (21.5 percent) 
with proved coronary artery disease. These collateral vessels offer no protection against the development 
of an ischemic S-T segment response to treadmill stress testing and represent the hallmark of a severe and 
extensive coronary atherosclerotic process. 
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Cambridge CAMCO 150 


Courtesy of Cardio-Dynamics Laboratories, Inc. 


A 42-year-old registered nurse had a history of recurrent 
chest pain. Her physician ordered a dynamic electro- 
cardiogram, and a diary of symptoms was kept during a 
routine day in the hospital office. Within the first fifteen 
minutes of the recording, the subject reported chest and 
left arm pain while doing office work, but the DCG re- 
cording (first strip) showed no abnormality of cardiac 
rate or rhythm with the reported symptoms. Later, at 
9:10 A.M. while the subject was walking, the DCG re- 
cording (second strip) showed a burst of ventricular 
tachycardia approximately 6 seconds in duration not 
associated with symptoms. A second occurrence of this 
type, recorded at 11:30 A.M., also was unassociated 
with symptoms. Through the use of the continuous DCG 
recording, the physician was able to disregard mislead- 
ing symptomology and discover a hidden arrhythmia 
which had been undetected despite numerous prior 
ECG’s. 


THE CLINICAL VALUE OF DCG 
HEART MONITORING 


(1) Dynamic Electrocardiography (DCG) has in- 
creased the practicing physician’s diagnostic capa- 
bility significantly, especially when he is confronted 
with arrhythmic and ischemic heart conditions of a 
transient nature. Over forty professional papers have 
been published by using physicians attesting to the 
value of DCG, and more than 1500 Holter monitoring 
systems are currently in use. 


(2) Physicians throughout the world are reporting 
that DCG is especially valuable in cases of arrhyth- 
mias or intermittent anginal episodes... for evaluat- 
ing pacemaker function, drug therapy, or vague symp- 
toms such as lightheadedness and dizziness ... or 
for post-coronary care follow-up. 


(3) Three, lightweight, portable Holter monitoring re- 
corders are now available that will make continuous 
DCG recordings for 4, 12, or 24 hours, while the sub- 
ject pursues his usual daily activities. 


(4) Rapid scanning equipment is also available that 
will play back every heart beat recorded for a 4, 12 
or 24-hour period in just 4, 12, or 24 minutes and 
allow the immediate ECG printout of any abnormal 
event. 


(5) The medical value of Dynamic Electrocardiogra- 
phy is well established; and we would be pleased to 
discuss the ease of economic justification with you. 


For more information, return the coupon below, 


AVIONICS 


AVIONICS RESEARCH PRODUCTS 


division of Del Mar Engineering Laboratories 
6901 West Imperial Highway 

Los Angeles, California 90045 
Phone (213) 641-6334 


I [C] Please send me the literature, | would like to 
know more about Holter monitoring and the Avi- 
I onics Dynamic Electrocardiographic Systems.™ 


| C] Send the literature, and schedule me for a visit- 
ing demonstration. | am definitely interested in 

| acquiring this kind of equipment. 

I Name 


I Title & Specialization 


| Address 


| City 


Statens Zip ns 
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615 Observations on the Behavior of Recipient Atria After Cardiac Transplantation in Man 
EDWARD B. STINSON, JOHN S. SCHROEDER, RANDALL B. GRIEPP, NORMAN E. SHUMWAY 
and EUGENE DONG, Jr. 


After cardiac transplantation in man, physiologically appropriate changes in recipient atrial rate have oc- 
curred in response to the respiratory cycle, donor heart systole, atropine, tyramine, amyl nitrite, carotid. 


sinus pressure, the Vasalva maneuver and exercise. Mechanical effects. of recipient atrial contractions o: 


were found on cardiac catheterization of 4 patients 1 year postoperatively. 


"623 Usefulness of Vectorcardiography Combined with His Bundle Recordings and Cardiac Pacing 
in Evaluation of the Preexcitation (Wolff-Parkinson-White) Syndrome 


AGUSTIN CASTELLANOS, Jr., ABDUL S, AGHA, BOLIVAR PORTILLO 
and ROBERT J. MYERBURG 


This study..of the preexcitation syndrome, employing vectorcardiography combined with cardiac pacing, ce 
concludes that the gross correlation between the preexcitation loops and those obtained during pacing: 
from’ specific ventricular sites suggests, but does not prove, the propagation of the impulse from ano : 


equivalent part of the ventricle. 


EXPERIMENTAL STUDIES 


629 Echocardiographic Findings in Experimental Myocardial Infarction of the Posterior Left 
Ventricular Wall 


GUNTER STEFAN and RICHARD J. BING 





Unlike the electrocardiogram, which failed to register changes in nontransmural infarction, the endocardial — 








echocardiogram from the posterior left ventricle always showed changes in transmural or. noantransmural: a 
infarction of the wall produced experimentally in dogs. These echocardiographic changes occurred 


synchronously with mechanical left ventricular performance regardless of S-T segment alterations in the - 
electrocardiogram. l 


640 Experimental Intracoronary Thrombosis and Selective In Situ Lysis by Catheter Technique 
R. KARLKORDENAT and PAUL KEDZI with the technical assistance of DONALD POWLEY 


Experimentally induced intracoronary thrombosis in dogs responded well to minimal amounts of a lysing. oF 


enzyme delivered directly into the coronary artery. Sixteen of the 20 dogs showed definite improvement 


in the hemodynamic and biochemical indexes after lysis and reestablishment of blood flow. 


METHODS 


646 Percutaneous Transfemoral Right Heart Catheterization: The Pulmonary Wedge Catheter 
J. H. GROLLMAN, Jr.. J. EDSON PRICE, Jr. and ROBERT K. GRAY 


This newly designed catheter made from very flexible polyethylene tubing facilitates ‘total right heart eee 
‘catheterization from the femoral route. ae 
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To convert to normal sinus rhythm, 
and maintain...and maintain...and maintain... 


CARDIOQUIN tablets 


(quinidine polygalacturonate) 
Low B.LD. or T.1.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY— INDICATIONS: Prevention and termination of atrial fibrillation, atrial flutter, atrial premature con- 
tractions, paroxysmal atrial tachycardia, paroxysmal ventricular tachycardia, premature ventricular contractions. 
CONTRAINDICATIONS: 1) Absolute: Complete atrioventricular heart block or history of previous sensitivity reactions. 
2) Relative: Partial a-v and bundle branch block, severe cardiac failure and hypertrophy, chronic valvular disease, 
subacute bacterial endocarditis, acute infection, advanced age. PRECAUTIONS: The same as with all quinidine salts. 
Frequent ECG recommended; discontinue drug if ECG shows conduction system defects. Decrease dosage if signs 
of cinchonism develop. Initial therapeutic dose should be used as test dose for possible hypersensitivity. COMPOSI- 
TION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 275 mg.) is equivalent in quinidine content to 3 grains 
quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be adjusted to individual needs, both for conver- 
sion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate arrhythmias, and may be repeated in 
3-4 hours. If normal sinus rhythm is not restored aiter 3 or 4 equal doses, the dose may be increased by Y2 to 1 tablet 
(137.5 to 275 mg.) and administered three to four times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED: 
Uncoated, scored tablets in botties of 50. 








PURDUE FREDERICK 


GCOPYRIGHT 1972, THE PURDUE FREDERICK COMPANY/YONKERS, NEW YORK 10701 
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PEDIATRIC CARDIOLOGY 


648 Idiopathic Infantile Cardiomyopathy with Involvement of the Conduction System 
SHIRLEY L. KAUFFMAN, NAKUL CHANDRA, NANCY S. PERESS and RAMON RODRIGUEZ-TORRES 


Data in this. 2 year old patient and in 5 published cases establish the diagnosis of infantile xanthomatous ©. 
cardiomyopathy as a distinct clinical and pathologic entity. This fatal syndrome in infants is characterized: 
by the presence of lipid-filled cells primarily in the subendocardial connective. tissue adjacent to the A-V es 
valves and extending down the A-V node. The conduction system is often replaced or compressed by | 
masses of these lipid-filled cells. 


653 Factors Influencing Intercirculatory Mixing in Patients with Complete Transposition of the 
Great Arteries 


DOUGLAS D. MAIR and DONALD G. RITTER 


intercirculatory mixing in patients with transposition of the great arteries is related to the number, sizeand 
position of the anatomic. communications between the systemic and pulmonary circuits as well as the total 
blood flow through the pulmonary circuit. However, in this group of selected patients who survived: with 
this anomaly to at least 1.year of age, the degree of mixing correlated more with the total pulmonary flaw |. 

than with the number of sites available for mixing. Increasing cyanosis in such patients suggests the devel- i 
opment of pulmonary vascular disease or pulmonary stenosis. 


659 Arteriotomy in Children During Cardiac Catheterization 
GERALD D. BUCKBERG and ARTHUR J. MOSS 


This article reviews. some principles and precise surgical techniques particularly pertinent to the incision 
and repair of small. vessels in children undergoing cardiac catheterization. The major complication after. 
catheterization arises from the failure to recognize that absent or weakened distal pulses signify arterial — 
obstruction. 





HISTORICAL MILESTONES 
662 Adolf Fick—Forgotten Genius of Cardiology 
EDWARD SHAPIRO 


This milestone pays tribute to an interesting but almost wholly forgotten 19th century genius of physiology 
and physics whose principle for determining cardiac output is in daily use in many medical centers. 


CASE REPORTS 


666 Absent Proximal Coronary Arteries Associated with Pulmonic Atresia 
CORA C. LENOX and JAKOB BRINER 


Subendocardial infarction and congestive heart failure produced death in a 2 month old infant with pul- 
monary atresia and coronary arteries that arose from the right ventricle. 
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9 reasons why the 
ICC Multimedia Learning System 
wont become obsolete 


The nine new components you see below demonstrate 
how RocoM makes additions to the ICC Multimedia 
Learning System to reflect current thinking on inten- 
sive coronary care. Recommendations for keeping the 
system current are made by an advisory panel of ex- 
perts drawn from the fields of cardiology, cardiovas- 
cular nursing, education and film production. 

The system uses a number of different educational 
techniques coordinated by a nurse-instructor at your 
hospital. These include films, filmstrips, audiotapes, 
texts, lectures, demonstrations, clinical experience 
and learner self-assessment. 


New filmstrip: 
Arrhythmias Originating 
in the S-A Node 











New filmstrip: 
Cardiopulmonary 
Resuscitation (CPR) 


New filmstrip: 
Electrical Hazards 
in the CCU 


New Program Da 


Coordinator’s Manual 
and Planning Guide 


New Learner’s 
Workbook and 


Planning Guide 
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EA 9 New Learner 


The Multimedia Learning System permits any hos- 
pital to train its own ICCU nurses. It increases the 
efficiency of established teaching programs, makes 
possible the training of individual replacements on 
any shift, and provides a means for keeping hospital 
staffs abreast of current developments in intensive 
coronary care. 

To see either the new components or the complete 
system demonstrated at your hospital, please write to 
Rocom, Division of Hoffmann-La Roche Inc., 
Nutley, New Jersey 07110. 


ICC Multimedia Learning System 
A Sutherland Learning Associates Production 


Awarded first prize in its category by the National Visual Communica- 
tions Association, Expands and updates “Intensive Coronary Care—A 
Manual for Nurses” by Meltzer, Pinneo and Kitchell (PHS Grant 
NU 00096, N.I.H. Division of Nursing). System financed in part by 
PHS Contract PH 108-67-205. 


New filmstrip: 
Arrhythmias Originating 


in the Atria 


New filmstrip: 
Arrhythmias Originating 
in the A-V Junction 


New filmstrip: 
Arrhythmias Originating 
in the Ventricles 


Self-Assessment 
Program 


ROCOM"™ 
Division of Hoffmann-La Roche Inc. 


Nutley, New Jersey 07110. 
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670 Anomalous Origin of the Right Coronary Artery from the Main Pulmonary Artery 
JON 8. TINGELSTAD, RICHARD R. LOWER and W. JAY ELDREDGE 


An anomalous right coronary artery was transplanted from. its origin in the.main pulmonary artery to the .. 
aorta after diagnosis of the lesion in a 12 year old boy by cardiac catheterization and. angiocardiography. 
Postoperative aortograms showed normally directed coronary blood flow and a persistently dilated right 
coronary artery. 


674 Aortic Origin of the Right Pulmonary Artery 
GORDON. R.. CUMMING, COLIN C. FERGUSON and JORGE SANCHEZ 


Aortic origin of the right pulmonary artery, seldom suspected clinically, is best diagnosed by angiographic... 
studies as was done in this 7 day old infant. Successful surgical correction was performed atage 3 weeks 
to relieve progressive heart failure. The pathophysiologic features of the pulmonary circulation are disec 
cussed. 


680 Myocardial Infarction in the Absence of Coronary Arteriosclerosis. Result of 
Coronary Spasm (?) 


TSUNG O. CHENG, TALI BASHOUR, BAI K. SINGH and GEORGE A. KELSER 


Coronary spasm during selective coronary arteriography of. the left circumflex artery in a 52 year old 
woman precipitated an acute inferior wall myocardial infarction. Subsequent arteriographic examination 
of the artery revealed no evidence of arteriosclerosis or other obstructive coronary disease. 


683 Congenital idiopathic Hypertrophic Subaortic Stenosis Associated with a 
Phenotypic Turner's Syndrome 


QUANG X. NGHIEM, JOSE R. TOLEDO, MELVYN H. SCHREIBER, LEONARD C. HARRIS, 
LILLIAN L. LOCKHART, KENNETH R. T. TYSON 








A transverse infundibulotomy successfully relieved congenital idiopathic. hypertrophic subaortic stenosis. a 
in a6 year old girl with a phenotypic Turner's syndrome. The coincidence of these rare anomalies is esti- 
mated as 1 in-1 billion live births. These lesions are difficult to diagnose during infancy. 


690. Intermittent Pansystolic Murmur and Presumed Mitral Regurgitation After Acute 
Myocardial Infarction 


HARRY LIPP, MIGUEL GAMBETTA, JEFFREY SCHWARTZ, DOMINGO de la FUENTE and 
LEON RESNEKOV 


Intermittent pulmonary hypertension and a pansystolic murmur suggesting. mitral regurgitation during © 
ischemic chest pain occurred in a 73 year old salesman after an extensive inferior wall myocardial infarc- 
tion. Cardiac catheterization studies revealed their relation.to an acute increase in the diastolic volume 
load which augments left ventricular wall tension and oxygen requirements of the heart. 
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in cardiac edema 





Dyrenium 


triamterene 
potassium-conserving diuretic 


acts within 2 hours'—‘“a single day's adminis- 
tration can be given with good effect.”' 


usual dosage is one capsule twice daily— 
some patients may be maintained on one cap- 
sule daily or every other day. Since the action 
of ‘Dyrenium’ is independent of aldosterone 
levels, dosage need not be increased as aldos- 
terone builds up. 


cost to your patient—22¢ or 11¢ per day— 
based on the cost to the patient for 30 cap- 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. 


*Indications: Edema associated with congestive heart failure, cirrhosis 
and nephrotic syndrome; steroid-induced edema, idiopathic edema, 
edema due to secondary hyperaldosteronism and edema resistant to 
other diuretic therapy. 

Contraindications: Severe or progressive kidney disease or dysfunc- 
tion (possible exception: nephrosis). Severe hepatic disease. Pre- 
existing elevated serum potassium. Hypersensitivity to the drug 

Continued use in developing hyperkalemia. Do not give potassium sup- 
plements, either by drug or bydiet. 

Warnings: Observe regularly for possible blood dyscrasias, liver dam- 
age or other idiosyncratic reactions. Blood dyscrasias have been 
reported. Check BUN and serum potassium periodically, especially in 
the elderly, diabetics, and these with suspected or confirmed renal 
insufficiency. Use in pregnancy only when essential to patient welfare. 


Dyrenium (triamterene, SK&F) and spironolactone are not usually used 


sules, including suggested price to pharmacy 
(published list price) plus average dispensing 
charge. Cost per capsule will vary with pre- 
scription size, and from one pharmacy to 
another depending on location, purchasing 
and pricing practices, and additional services 
provided. 


augments the effects of other diuretics—com- 
bined with another diuretic, ‘Dyrenium’ can 
augment diuresis and natriuresis with lower 
doses of each agent. 


concurrently; if they are, however, frequent serum potassium determi- 
nations are required 


Precautions: If hyperkalemia develops, withdraw the drug. The follow- 
ing may also occur: electrolyte imbalance, low-salt syndrome (with low 
salt intake), reversible mild nitrogen retention, decreasing alkali re- 
serve with possible metabolic acidosis. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Concomitant use with antihy- 
pertensive drugs may result in an additive hypotensive effect. When 
‘Dyrenium is to be discontinued after intensive or prolonged therapy, 
withdraw gradually because of possible rebound kaliuresis. 


Adverse Reactions: Diarrhea, nausea and vomiting (may indicate elec- 
trolyte imbalance), other gastrointestinal disturbances, weakness, head- 
ache, dry mouth, anaphylaxis, photosensitivity, elevated uric acid, rash. 


Note: When combined with another diuretic, the initial dosage of each 
agent should be lower than recommended. 


Supplied: 100 mg. capsules in bottles of 100. 


1. Ross, E.J.: Aldosterone and Its Antagonists, Clin. Pharmacol. & Therap. 6:65 (Jan.-Feb.) 1965. 
2. Earley, L.E.: Edema Formation and the Use of Diuretics, California Med. 114:56 (Mar.) 1971 


S&F CO. 


Carolina, P.R. 00630 
A subsidiary of Smith Kline & French Laboratories 
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LESS frequency and severity | Duration: 
of anginal attacks’ 4-6 hours for prolonge 


LESS need for nitroglycerin 
P.N. | within 15-30 minutes 


And probably | And when indicated: 


. . Sorbitrate’ (isosorbide 
LESS anxiety and apprehension dinitrate) 5 mg. oral 
over imminent attacks. | tablets 


*Oral dosage forms of this drug have been evaluated as possibly effective. See Brief Summary. 





MATION 
ndications: Based on a re rug by the National Academy 
of Sciences —National Research Council and/or other information, 
A has classified the indication as follows 
“Possibly” effective: For the treatment of angina pectoris. 
Final classification of the less-than-effective indications require 
urther investigation 


JIMMARY OF PRESCRIBING 


ntraindications: A history of sensitivity to the drug. 

arnings: Data supporting the use of nitrates during the early days of 
» acute phase of myocardial infarction are insufficient to establish 
ety. 

cautions: Should be usedwith caution in patients who have glaucoma. 
erance and cross tolerance to other nitrates may occur. 

\verse Reactions: Headache which may be severe and persistent. 
wering the dose and using analgesics will help control the headaches 
lich usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
shing; transient dizziness and weakness as well as other signs of 
‘ebral ischemia associated with postural hypotension; individual 


marked sensitivity to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic dose (alcohol may 
enhance this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepin 
acetylcholine, histamineand other agents. 
Dosage and Administration: Oral tablets. 

Individual Dose: Smallest effective dose should be employed. Five to 


10 mg. is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Oral SORBITRATE may be 
taken 3 to 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Oral: 15to30 minutes. 

Duration of Effect: Oral: Estimated to be 4 to6 hours. 

Itis recommended that the oral dosage be taken on an empty stomach. 


STUART PHARMACEUTICALS | pisv.o1 ICI America Inc. 
WILMINGTON, DEL. 19899 | PASADENA, CALIF. 91109 
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minute ...or 50. 


5,000 
pulses per 





The new MDI-100 high rate atrial pacer. The most flexible external 
pacer ever developed. It’s two pacers in one. 





The unit can be used as a high rate atrial 
pacer — useful in the control of atrial 
re-entrant rhythms. Or as a fixed rate ven- 
tricular pacer. In the ventricular mode, a 
mechanical lock prevents the rate control 
from being turned past 150 pulses per min- 
ute. The unit has been used to convert atrial 
flutter or to control ventricular tachycardia 
caused by atrial fibrillation. 


This is the first unit to have adjustable pulse 
width control which enables you to achieve 
atrial capture. 


A unique, automatic battery detector will 
flash a warning light when the standard 
transistor batteries are within hours of de- 
pletion, and the light will continue to flash 
until batteries are replaced. 


The new MDI-100. From 50 to 5,000 ppm. 
Two pacers in one. Write today for more 
information on procedures and equipment. 
We think it will quicken your pulse. 


Sv STEMS, Med Data ::: On record for innovation 


in medical data systems 














Return to: Med Data, Inc., Dept. AJ 


J 

Peo Yes, I’d like to know more about the new MDI-100. Please send | 
detailed specifications and information on procedures. 

O Please have your representative contact me regarding the place- | 

ment of an MDI-100. | 

Name 

T ESAT N EEEE CE Me E S mene NES ORT E E | 

Institution | 

Address | 

City State 2 Jes zip | 


2715 Marshall Court, Madison, Wis. 53705 


In mild to moderate hypertension... 
two tablets may be preferable to 


two drugs. 





Since the majority of patients (50-75% ) can be 
controlled on a diuretic alone,’ doubling the 
single daily dose of Enduron from 5 mg. to 10 
mg. is a conservative approach for hypertension 
in the mild to moderate range . . . before adding 
a second drug to the patient’s thiazide therapy. 

Potassium excretion for non-edematous pa- 
tients is not significantly increased on a 10 mg. 
per day Enduron regimen, since the “peak” 
kaliuretic dose is 5 mg.” 


Enduron offers a simple, once-a-day dosage, 
and 24-hour pharmacological action. 

As with all thiazides, dietary potassium sup- 
plementation should be considered, especially in 
long-term intensive therapy. 209996 


1. Schoenberger, J.A., Management of Essential Hypertension, 
Med. Clin. of N. America, Jan. 1971. 


2. Podolsky, Stephen, et. al; Clinical Evaluation of Methyclo- 
thiazide, a New Potent Long-Acting Oral Diuretic Drug; 
Henry Ford Hosp. Med. Bul.; Vol. 9, P 44-449, Sept. 1961. 





Enduron’ 


methyclothiazide 5 mg. 


See following page for Brief Summary. E) 





Enduron 


METHYCLOTHIAZIDE 





TABLETS 


DESCRIPTION: ENDURON (methyclothiazide) is a 
member of the benzothiadiazine (thiazide) family 
of drugs. It is an analogue of hydrochlorothiazide. 
The structural formula for methyclothiazide may 
be represented as follows: 


H 
N H 
cl Ki 
Nc, C1 
H2NO2S N— CH3 
s~ 
O2 


Clinically, ENDURON is a potent oral diuretic- 
antihypertensive agent. 


ACTIONS: The diuretic and saluretic effects of 
ENDURON result from a drug-induced inhibition 
of the renal tubular reabsorption of electrolytes. 
The excretion of sodium and chloride is greatly 
enhanced; potassium excretion is low. Although 
urinary excretion of bicarbonate is increased 
slightly, there is usually no significant change in 
urinary pH. At the maximal therapeutic dosage, all 
thiazides are approximately equal in their diuretic 
potency. 

There is significant natriuresis and diuresis 
within two hours after administration of a single 
dose of methyclothiazide. These effects reach a 
peak in about six hours and persist for 24 hours 
following oral administration of a single dose. 

In non-edematous patients the “peak” (maximum 
effective) natriuretic single dose of ENDURON 
is 10 mg., whereas the “peak” kaliuretic dose is 
5 mg. Thus, doubling a single daily dose of 5 mg. 
results in an increase of sodium output without 
significantly increasing potassium excretion. 

Like other benzothiadiazines, ENDURON also has 
antihypertensive properties, and may be used for 
this purpose either alone or to enhance the 
antihypertensive action of other drugs. The 
mechanism by which the benzothiadiazines, 
including methyclothiazine, produce a reduction 
of elevated blood pressure is not known. However, 
sodium depletion appears to be involved. 

ENDURON is readily absorbed from the 
gastrointestinal tract and is excreted unchanged 
by the kidneys. 


INDICATIONS: ENDURON is indicated in the 
management of hypertension either as the sole 
therapeutic agent or to enhance the effect of other 
antihypertensive drugs in the more severe forms 
of hypertension. 

ENDURON is indicated as adjunctive therapy 
in edema associated with congestive heart failure, 
hepatic cirrhosis, and corticosteroid and estrogen 
therapy. 

ENDURON has also been found useful in edema 
due to various forms of renal dysfunction such as 
the nephrotic syndrome, acute glomerulonephritis, 
and chronic renal failure. 

ENDURON is indicated in the control of 
hypertension and marked edema of pregnancy 
(preeclampsia). (See ‘‘Contraindications”’ and 
“Warnings” below.) 


CONTRAINDICATIONS: Anuria. Hypersensitivity 
to this or other sulfonamide-derived drugs. 

The routine use of diuretics in an otherwise 
healthy pregnant woman with or without mild 
edema is contraindicated and possibly hazardous. 


WARNINGS: Should be used with caution in severe 
renal disease. In patients with renal disease, 
thiazides may precipitate azotemia. Cumulative 
effects of the drug may develop in patients with 
impaired renal function. 

Thiazides should be used with caution in patients 
with impaired hepatic function or progressive liver 
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disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. 

Thiazides may be additive or potentiative of the 
action of other antihypertensive drugs. Potentiation 
occurs with ganglionic or peripheral adrenergic 
blocking drugs. 

Sensitivity reactions may occur in patients with 
a history of allergy or bronchial asthma. 

The possibility of exacerbation or activation of 
systemic lupus erythematosus has been reported. 


USAGE IN PREGNANCY: Usage of thiazides in 
women of childbearing age requires that the 
potential benefits of the drug be weighed against 
its possible hazards to the fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, 
and possibly other adverse reactions which have 
occurred in the adult. 


NURSING MOTHERS: Thiazides cross the 
placental barrier and appear in cord blood and 
breast milk. 


PRECAUTIONS: Periodic determination of serum 
electrolytes to detect possible electrolyte imbalance 
should be performed at appropriate intervals. 

All patients receiving thiazide therapy should be 
observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic 
alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important 
when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as 
digitalis may also influence serum electrolytes. 
Warning signs, irrespective of cause, are: Dryness 
of mouth, thirst, weakness, lethargy, drowsiness, 
restlessness, muscle pains or cramps, muscular 
fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 

Hypokalemia may develop with thiazides as with 
any other potent diuretic, especially with brisk 
diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. 

Interference with adequate oral electrolyte 
intake will also contribute to hypokalemia. Digitalis 
therapy may exaggerate metabolic effects of 
hypokalemia especially with reference to myocardial 
activity. 

Any chloride deficit is generally mild and usually 
does not require specific treatment except under 
extraordinary circumstances (as in liver disease or 
renal disease). Dilutional hyponatremia may occur 
in edematous patients in hot weather; appropriate 
therapy is water restriction, rather than administra- 
tion of salt except in rare instances when the 
hyponatremia is life threatening. 

In actual salt depletion, appropriate replacement 
is the therapy of choice. 

Hyperuricemia may occur or frank gout may be 
precipitated in certain patients receiving thiazide 
therapy. 

Insulin requirements in diabetic patients may be 
increased, decreased, or unchanged. Latent 
diabetes mellitus may become manifest during 
thiazide administration. 

Thiazide drugs may increase the responsiveness 
to tubocurarine. 

The antihypertensive effects of the drug may be 
enhanced in the postsympathectomy patient. 

Thiazides may decrease arterial responsiveness 
to norepinephrine. This diminution is not sufficient 
to preclude effectiveness of the pressor agent for 
therapeutic use. 

If progressive renal impairment becomes evident 
as indicated by a rising nonprotein nitrogen or 
blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to 
withholding or discontinuing diuretic therapy. 

Thiazides may decrease serum PBI levels without 
signs of thyroid disturbance. 


ADVERSE REACTIONS: Gas 
reactions: Anorexia, gastric irr 
vomiting, cramping, diarrhea, | 
jaundice (intrahepatic cholesté 
pancreatitis. 
Central nervous system reat 
vertigo, paresthesias, headach 
Hematologic reactions: Leuk 
cytosis, thrombocytopenia, apl 
Dermatologic—hypersensiti: 
Purpura, photosensitivity, rast 
iy (vasculitis) (cutaneous 
ardiovascular reaction: Ort 
may occur and may be aggrav 
barbiturates, or narcotics. 
Other: Hyperglycemia, glycc 
muscle spasm, weakness, rest 
Whenever adverse reactions 
severe, thiazide dosage shoulc 
therapy withdrawn. 


DOSAGE AND ADMINISTR/ 
(methyclothiazide) is adminis! 
adult dose ranges from 2.5 to 

Therapy should be individu: 
patient response. This therap) 
gain maximal therapeutic resp 
minimal dose possible to mair 
response. 

To maintain an edema-free 
in the management of hyperte 
once daily is often adequate. 

Maximum effective single d 
single doses do not accomplis 
and are not recommended. 

If edema is resistant to met 
the concomitant administratio 
inhibitor or the use of a more 
be indicated. 

In the treatment of hyperte: 
may be either employed alone 
other antihypertensive drugs. 
may provide adequate control 
lower dosage of the componer 
less severe side effects. An et 
frequently follows its concurre 
with Harmonyl® (deserpidine) 
both drugs may be reduced. 

For treatment of moderate! 
hypertension, supplemental u 
potent antihypertensive agent 
(pargyline hydrochloride) may 
a combination is particularly | 
from congestive heart failure 
requiring diuretic therapy coe 

When other antihypertensiv 
added to the regimen, this sh 
gradually. Ganglionic blocking 
given at only half the usual di 
is potentiated by pretreatmen 


OVERDOSAGE: Symptoms 0 
electrolyte imbalance and sigr 
deficiency such as confusion, 
weakness, and gastrointestin< 
General supportive measures 
of fluids and electrolytes may 
treatment of overdosage. 


HOW SUPPLIED: ENDURON 
is provided in two dosage size 
grooved, square-shaped table’ 
2.5 mg. tablets, orange-colo 
074-6827-01 (bottles of 100 
074-6827-02 (bottles of 100) 
5 mg. tablets, salmon-color: 
(bottles of 100); NDC 074-€ 
1000); and NDC 074-6812-0 
The 5 mg., salmon-colored tal 
in ABBO-PAC® isaac 
NDC 074-6812-10, in strips o 


Next week 
your 70mm films 
can look like this! 


takes one day to replace your present 
inch intensifier tube 
ith a new Cesium lodide tube. 


tually it takes only 2 hours, 

t we use the rest of the day for 
cusing the optics, 

tjusting dose rate levels 

d generally optimizing performance. 


nd for your copy of “The Quality Image”; 
whi : i FERA 


A technological advance offers a thin 
Cesium lodide input screen 
combining high resolution with high 
x-ray absorption. 


During our field evaluation, one customer 
wanted to write the Nobel Prize committee 
another simply celebrated with 

a champagne party. 


PHILIPS MEDICAL SYSTEMS, INC 


A NORTH AMERICAN PHILIPS COMPAN 
710 Bridgeport Avenue, Shelton, Conn. 06484 





The 22nd Annual 


Scientific Sessions of the 
American College of Cardiology 


SAN FRANCISCO / FEB. 14-18 


For further information and registration forms, 


write: American College of Cardiology 
9650 Rockville Pike 


Bethesda, Md. 20014 
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Clinically, the most experienced 
system for temporary 


card 


For counterpulsation treatment or 
support in cardiogenic shock, myo- 
cardial 
output situations... 


and easily instituted at bedside. 
For many practical, performance- 

related reasons, the Avco System 

has become the most widely used 


intra-aortic balloon pump in clini- 


cal applications. 
a | 





Non-occlusive balloon — ex- 
clusive, patented three-cham- 
ber design. Prevents end-oc- 
clusion, thus eliminating blood 
trapping and excessive stress 
on the aortic wall. A physiolog- 
ically optimal pumping action. 
The advanced antithrombo- 
genic co-polymer material 
developed for balloon con- 
struction permits use in non- 
heparinized patients. 


infarction and other low — 
including with- ` 
drawal after heart-lung machine ` 
use . . . the Avco System is quickly — 


The Avco 










QRS synchronization — the unique 
Ogic system provides precise syn- 
shronization with normal and abnor- 
al rhythms. Preset balloon inflation 
nd deflation timing is triggered 
utomatically by the patient's QRS 
complex. Timing is maintained by pre- 
iction of the R-R interval. 


Emphasis on patient safety — Safety 
engineering in the Avco System in- 
- cludes fail-safe venting, self-initiated 
trouble identification and, if needed 
. independent operation with a self- 
contained battery supply. 


Automatic reset 
— the Avco Sys- 
tem contains 
many features for 
ease of operation, 
such as automatic 
reset for changes 
in interval or drop of an R wave. Com- 
plete automation with minimum ad- 
justments means full, convenient, con- 
tinuous control while observing the 
patient and his condition. 





Intra-Aortic 
Balloon Pump 





Behind the Avco System stand seven years of clinically oriented 
development and the Roche nationwide service organization. 
For literature and reports on clinical experience, write to us now. 


“Developed by Avco Corporation and manufactured for Roche Medical Electronics 
Division 


Medical Electronics Division, Hoffmann-La Roche Inc., Cranbury, N.J. 08512 
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Meet 154 members of the Ossining Fire Departmen 


Volunteers screened for serum 
cholesterol above 250 mg.% 
and/or serum triglycerides 
above 150 mg.% 

Recently, members of the Ossining, 
New York Volunteer Fire Depart- 
ment and its women’s auxiliary 
cooperated in a one-time screening 
program* to determine their lipid 
levels.! These were people repre- 
sentative of most American com- 
munities—businessmen, teachers, 
shopowners, professional men, crafts- 


*Important Note: A single determination 
is not sufficient to establish the 
diagnosis of hyperlipidemia. 


men, and housewives. And from the 
tabulation of the single-test results 
among these typical men and women, 
three striking findings emerge: the 
prevalence of cholesterol levels above 
250 mg.% and triglyceride levels 
above 150 mg.%, the unawareness 
of their existence, and the early age 
of test subjects in whom they were 
found. 


Incidence of such levels—50.6%; 
unawareness almost universal 
Of the 154 subjects tested, 78 
(50.6%) were found to have serum 


cholesterol levels above 250 mg.% 


and/or triglyceride levels above 150 
mg. %.In only 7 of those 78 did 
cholesterol levels alone exceed the 
specified value. Both cholesterol 
and triglycerides were higher in 
23 individuals, while triglycerides 
alone proved higher than the specifiec 
value in the remaining 48 persons. 
Of the 78 Ossining subjects noted 
above, 75 had not known about their 
lipid values. This finding is consisten 
with that of Stamler et al.,? who 
report that a majority of the millions 
with elevated serum cholesterol are 
entirely unaware of its presence 
because they have never been tested 





'S of them may have elevated lipid levels. 


or it. A further note of interest : 44 
f these 78 subjects were below the 


ze of 40. 


he importance of testing 

ər both cholesterol and 
iglycerides 

‘he Ossining program only demon- 
rates the prevalence of cholesterol 
vels above 250 mg.% and/or tri- 
yceride levels above 150 mg.%, and 
in no way intended to imply a clinical 
aluation. It also indicates the im- 
tance of evaluating both choles- 
rol and triglyceride levels. For 
ample, had the Ossining volunteers 


been checked only for cholesterol, tri- 
glyceride levels above 150 mg.% 
would not have been found in 71 
individuals. 


The significance of the Ossining 
volunteers: they’re like the 
patients you see every day 

The U.S. Public Health Report 
(1967 ), using one parameter of 
measurement, estimated that 1 out of 
5 Americans over the age of 17 has a 
serum cholesterol level higher than 
260 mg. %.3 As the Ossining tests 
suggest, cholesterol represents only 
one factor in the overall assessment 


of serum lipid levels, which includes 
triglyceride concentrations as well.* 

So in your own practice when you 
test... test for both serum cholesterol 
and triglyceride levels. 





See last page of advertisement for prescribing information. 


Fredrickson" has found that over ¥9% of patients with primary hyperlipidemia © 
willbe detected if both cholesterol and triglyceride levels are determined. 


Whether serum cholesterol alone is elevated... 
triglycerides alone are elevated...or both are elevated 


Atr omid- S clofibrate 


The most widely prescribed lipid-lowering agent: 
9 years of clinical experience 


When adequately repeated baseline studies reveal significantly high serum cholesterol 
and/or triglycerides, an attempt should first be made to reduce them by means of 
appropriate dietary restrictions. When the response to diet is inadequate, initiate 


ATROMID-S therapy. 


Overall clinical experience shows that in responsive patients 
E cholesterol levels above 250 mg./100 ml. (mg.% ) have usually decreased up to 35 percent,..and reductions 
as much as 50 percent have been reported® 


@ triglyceride levels above 150 mg./100 ml. (mg.% ) have usually decreased up to 61 percent...and reductions 
as much as 90 percent have been reported® 


w the higher the initial level the greater the reduction 
E lipid lowering effect is usually noted during the first month of therapy 


The importance of maintaining Q.I.D. dosage 


Once elevated serum cholesterol and/or elevated serum triglycerides have been reduced, a reduction in dosage 
may result in a renewed rise in lipid levels. Therefore, one simple dosage regimen is recommended for all patients 
at all times. Start and maintain therapy with one capsule (500 mg.) QLD. 


AN IMPORTANT NOTE: It has not been established whether drug-induced lowering of serum choles- 


terol or other lipid levels has a detrimental, a beneficial, or no effect on the morbidity or mortality due to 


atherosclerosis or coronary heart disease. Several years will be required before current investigations can 
yield an answer to this question. 





Eight year study demonstrates continued 
control of hyperlipidemia’ 


Because of its persistent nature, hyperlipidemia requires continued therapy. It is important, 
therefore, that the prescribed anti-hyperlipidemic agent maintain effective control over serum 
lipid levels. 

Fifty responsive hyperlipidemie patients were treated with ATROMID-S, 2 Gm. daily for 
six to eight years, Cholesterol alone was elevated in 8 patients, while both cholesterol and 
triglycerides were elevated in the remaining 42. The group comprised 28 women and 22 men 
whose ages range from 41-to 65 years. Normalization or substantial reduction of elevated serum 
levels of cholesterol and/or-triglycerides occurred in each patient and was maintained 
throughout the entire period of treatment. 
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iii E ack ae gee a 
potent hypolipidemic agent which may be administered continuously for long periods of time 
without any decrease in its effectiveness...’”’ He further states: “With this agent, normalization 
of the cholesterol or triglyceride levels or both may be expected...” 


Average reduction in lipid levels maintained throughout eight year study’ 


Mean Value of 
CHOLESTEROL 
inmg./% 





Mean Value of aa cee iy ae 
TRIGLYCERIDES n 


inmg./% 






ESN i á ; 6YEARS 7YEARS 8 YEARS 
` (42 Patients) ' et nes ; (42 Patients) (42 Patients) (29 Patients) 


Adapted from Berkowitz’? 


Visible evidence of effectiveness 


This demonstration of regression of 
xanthomata with ATROMID-S (clofi- 
brate) provides visible evidence of the 
effectiveness of this agent. In some patients, 
xanthomatous lesions completely disap- 
pear, and in others their size and/or 





numbers are reduced. © Apeh Ga 
Before ATROMID-S After 6 months of 
(clofibrate) therapy ATROMID-S therapy 
Male, 39 years old, with long- ATROMID-S therapy was insti- 
standing xanthomatous lesions in- tuted on 3/11/69. On 9/26/69: 
volving elbows, knees, palms and cholesterol—289 mg.%, triglyceride— 
palmar surfaces of the fingers, and 129 mg.%. Lesions on palms have 
buttocks. On 2/25/69 cholesterol— disappeared completely; those on 
544 mg.%, triglycerides—315 mg.%. elbows and knees are smaller 


and softer. 


If Given In Conjunction 
With Anticoagulants 
WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S (CLOFIBRATE). THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED BY ONE-THIRD TO ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE 
UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE LEVELS HAVE BEEN STABILIZED. 


See last page of advertisement for prescribing information. Ayerst. 
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Case report on file, Medical Department, Ayerst Laboratories, New York, N.Y. 


More than9 years of successful 
clinical experience 











Doiii d 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


_ATROMID-S (clofibrate) 


Indications: ATROMID-S is indicated where reduction of 
serum lipids is desirable, e.g., patients with hypercholesterol- 
emia and/or hypertriglyceridemia. 

Patients with hyperlipemic states involving elevation of both 
serum triglycerides and serum cholesterol generally have a 
more favorable response than those with primarily hypercho- 
lesterolemia and normal triglyceride levels. However, since re- 
sponse is unpredictable, a therapeutic trial with ATRO MID-S 
should be undertaken in patients with only hypercholesterolemia. 

In patients with essential hyperlipemia and xanthomatosis, 
the skin lesions frequently have regressed on ATROMID-S 
therapy. 

Contraindications: While teratogenic studies have not 
demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentra- 
tion of clofibrate than found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. 

Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women in 
the childbearing age may be undertaken in patients exercising 
strict birth control procedures, In patients who then plan to 
become pregnant the drug should be withdrawn several 
months before conception. 

Because pregnancy is a possibility despite birth control pre- 
cautions, the possible benefits of clofibrate to the patient must 
be weighed against possible hazards to the fetus in women of 
childbearing age. Since it is not known if clofibrate is secreted 
in human milk, the drug should not be given to lactating women. 

This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 

It is not recommended for use in patients with impaired renal 
or hepatic function, 

Warnings: CAUTION SHOULD BE EXERCISED 
WHEN ANTICOAGULANTS ARE GIVEN IN CON- 
JUNCTION WITH ATROMID-S (CLOFIBRATE). 
THE DOSAGE OF THE ANTICOAGULANT SHOULD 
BE REDUCED BY ONE-THIRD TO ONE-HALF 
(DEPENDING ON THE INDIVIDUAL CASE) TO 
MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN DE- 
TERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE 
LEVELS HAVE BEEN STABILIZED. 

Precautions: Before instituting clofibrate therapy, attempts 
should be made to control serum lipids with appropriate dietary 
regimens, weight loss in obese patients, control of diabetes 
mellitus, etc. 

Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to de- 





termine that the patient has signihcantly elevated serum hpid 
levels. Frequent determinations of serum lipids should be made 
during the first few months of ATROMID-S administration, 
and periodic determinations thereafter. The drug should be 
withdrawn after three months if response is inadequate. How- 
ever, in the case of xanthoma tuberosum, treatment should be 
continued for longer periods (even up to one year) provided 
there is a reduction in the size of the xanthomata, 

During the early stages of ATRO MID-S (clofibrate) ad- 
ministration, serum transaminase determinations should be 
made. Mild transient increases in these tests have been noted 
in some patients. This is thought to be a result of the metabolic 
effect of the drug rather than a toxic effect. However, if 
steadily rising or excessive abnormalities occur, the drug 
should be immediately withdrawn. 

Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of hy- 
poglycemia occurring two hours after ingestion of 1 Gm. of 
clofibrate in a patient receiving tolbutamide. Although a causal 
effect was not established, caution should be observed in dia- 
betic patients. : 
Adverse Effects: ATROMID-S has been well tolerated by 
most patients. The most common side effect is nausea, noted in 
approximately 5 per cent of cases. Other less common gastro- 
intestinal side effects include vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Headache, dizziness, 
fatigue, weakness, skin rash, urticaria, pruritus, stomatitis 
have been reported occasionally, 

A slight and transient rise in serum glutamic oxaloacetic 
and/or glutamic pyruvic transaminases has been observed in 
some patients, but there is no evidence to suggest that this is 
due to hepatotoxicity. A few instances of increased BSP reten- 
tion have been reported. One patient receiving butobarbitone, 
phenobarbital, phenindione, tetracycline, and clofibrate devel- 
oped agranulocytosis which was attributed by,the investigator 
to the clofibrate. A few cases of leukapenia have been reported, 
but relationship to ATROMID-S administration has not been 
established. 

Polyphagia and weight gain have been noted in a few 
patients. It has been suggested that this may be due to increased 
deposition of subcutaneous fat. However, this has not been 
established nor has it been definitely determined that the 
weight gain is drug-related. Instances of weight loss have also 
been reported. One investigator reported congestive heart 
failure in a few patients on clofibrate. However, subsequent 
study by this investigator has shown no increase in circulating 
plasma volume. 

Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed a 
concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittle hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 
been reported; relationship to this drug has not been established. 
Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg.) four times daily. 
Supplied: No. 243—Each capsule contains 500 mg. clofibrate, 
in bottles of 100. 
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4, Fredrickson, D.S., ef al.: The typing of hyperlipoproteinemia: A 
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Affecting Lipid Metabolism, New York, Plenum Press, 1969, pp. 
307-325. 5. Brown, D.E, in Casdorph, H.R.: Therapy of the Hyper- 
lipidemic States, Springfield, Ill, Charles C Thomas, 1971, p. 147, 
6, Gelfand, M.L., and Garber, M.: Exhibit, American College of 
Cardiology Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 

7. Berkowitz, D.: J.A.M.A, 278:1002 (Nev. 15) 1971. 


Ayerst. AYERST LABORATORIES 
New York, NY. 10017 | 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 7228 
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and you'll know you made 
the right decision. 


From the start, an HP Medical Field Specialist works with you. 
He defines exactly what’s needed to create a complete system 
for you—down to the last patient cable. Supplies all the 
answers your architect needs on floor space, cable runs, 
power requirements. Doesn't leave the hospital until 

your system is in and operating correctly. 


He'll be back soon—and at regular intervals 
afterward. Briefing your staff on how to use all the 
capabilities of the system... teaching them 
through “hands on” methods . . . answering a/l 
their questions. And he’s there in the future 
without being called: making safety and cali- 
bration checks, following up on system per- 
formance in your day-to-day operations. f 


If you need help fast in a life-support 
situation, he will either make repairs on the 
spot or have equipment flown in from HP’s 
emergency standby pool. For routine service, 
he prefers—as you do—to keep the equip- 
ment where it belongs: in your hospital. 


When you own an HP medical system, 
you'll know an HP Medical Field Specialist. 
You'll know his background... the years he 
has spent in hospitals like yours . . . why he 
puts your satisfaction before everything else. 
You'll know HP instrumentation was the right 
decision, that HP people are people you can 
count on. Hewlett-Packard, Waltham, Mass. 
02154. In Europe: HPSA, P.O. Box 85, CH-1217 
Meyrin 2, Geneva. 
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Sys 


tem Xo. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO2 to pump the 

intra-aortic balloon. Not Helium. And because the 

intra-aortic balloon connects to a slave balloon in 

a Safety Chamber, the gas system is closed. Not 

open. Which means only a fixed volume of CO: is 

transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental datat show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


*patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

** U.S. Patent 43,347,452 


Datascope System 80 


PATASCOPE SYSTEM ne f 








lliness doesn't wait. Should you? 


When minutes are vital you want to be interpreting data, not 
trying to figure out what it is. If your pressure tracings are re- 
corded on Kodak Linagraph 1930 Paper, traces are sharp and 
clear, bold black on brilliant white, easy to read. And, they 
can be ready in as little as 90 seconds. 

Kodak Linagraph 1930 Paper responds to high frequencies, 
giving you the maximum possible information to work with. 
Further, since it is dimensionally stable, you can be sure of 
an undistorted time-base. 

The paper processes rapidly and easily in the same Kodak 
X-Omat Processor and with the same chemicals used for 
x-ray film in your affiliated hospital. Fast processing, rapid 
drying, wrinkle-free results—without wetting your hands. 

For details, send the coupon. And thank you for taking 
the time to read this advertisement. 


New Kodak Linagraph 1930 Paper 
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| EASTMAN KODAK COMPANY 2 

| Department 412L, Rochester, N.Y. 14650 | 

| O Send literature on Kodak Linagraph 1930 Paper and | 

paper sample I 

| CO Have representative call 
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There is 
another 
pacemaker. 







ay have heard of us. Maybe not. But since the first Biotronik pacemakers 
iced on the world market in 1963, they've had a history of increased safety 
ne Piens We think that’s why you'll want to know more about the Biotronik family 
-of pacemakers. 


e The Biotronik interference shield offers: 


Better protection from external environmental magnetic or electrical fields 
without the risk of tissue necrosis. 


Better protection from pulse generator damage because of moisture penetra- 
tion from the surrounding tissue. 


e Biotronik has less than three percent failure rate during the first 24 months. 
That's the reason the makers of Biotronik can offer a full 24-month replacement 
warranty. 


e Biotronik’s reliable end of life indicator lets you and your patient know when 
the batteries need replacement. 


For more information about Biotronik, send today for complete literature. 


*Compiete literature 
available on request 
fr 


om 
U.S. DISTRIBUTORS OF BIOTRONIK 
Airport Station 
St. Petersburg, Fla. 33732 


813-536-2791 
24 hr. Answering Service 
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STABLE ANGINA OR PRE-INFARCTION ANGINA? 


DIFFERENTIAL DIAGNOSIS OF STABLE 
ANGINA PECTORIS AND PRE-INFARCTION ANGINA 


STABLE ANGINA PECTORIS |PARAMETERS| PRE-INFARCTION ANGINA 


over sternum, over sternum, 
often spread- often spread- 



































ing across ing across 
the chest LOCATION the chest 
OF 
te i 

to either or v either or 

oth arms, oth arms, 
neck, or jaw, neck, pr asl 
or an n 
OONAN RADIATION combination 
thereof OF thereof 





PAIN 






lasts more 
than 5 
minutes 






DURATION 
OF 
PAIN 








N l 
usually sub- 
sides within 
1to5 
minutes 


pressure or heavy discomfort 


E 


usually none 


similar but more intense 







CHARACTER 
OF 
PAIN 










sweating and 
weakness 
in most 
patients 














ASSOCIATED 
SYMPTOMS 


bce 





exertion, 
emotion, 
eating, cold 
weather, 
lying down 





stopping effort, Isordil 
Sublingual or sublingual 
nitroglycerin 


transient S-T segment 
depression (flat or 
downsloping), _ 
disappearing with 
relief of pain 










raCTORS oe 
RELIEF incomplete or 





FROM AN only bee 


ACUTE 
eS 


S-T segment depression, 
usually long lasting; 
T-wave inversions often 
appear and persist; 
occasionally the ECG 
may be normal. 


ANGINAL 
ATTACK 


ELECTRO- 
CARDIOGRAM 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS*.. 


e terminate or reduce the 
severity and frequency of 
acute angina pectoris 
attacks 

e provide prophylaxis 
against anginal attacks 
often caused by 
unavoidable everyday 
stress 


ISORDIL 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 


*Indications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

“Probably” effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 













Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. 


New York, N. Y. 10017 © 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 
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and a few may need counseling 
and the psychotropic action of Valium” (diazepam). 


Before deciding to make Valium 
(diazepam) part of your treatment 
plan, check on whether or not the 

- patient is presently taking drugs 
and, if so, what his response has 

been. Along with the medical and 
‘social history, this information can 
help you determine initial dosage, 
the possibility of side effects and 

the ultimate prospects of success 
or failure. 

While Valium can be a most 
Sig gee adjunct to your counseling, 
it should be prescribed only as long 
as excessive psychic tension per- 

-sists and should be discontinued 
-when you decide it has accom- 
plished its therapeutic task. In 
general, when dosage guidelines 
are followed, Valium is well 
tolerated (see Dosage). For con- 
venience it is available in 2-mg, 5-mg 
and 10-mg tablets. 

Drowsiness, fatigue and ataxia 
have been the most commonly re- 
ported side effects. 

Until response is determined, 
‘ete receiving Valium should 

e cautioned against engaging in 
hazardous occupations requiring 
complete mental alertness, such 
as driving or operating machinery. 


Roche Laboratories 
Division.of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


=- Betore prescribing, please consult complete product 


information, a summary of which follows: 

Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; psycho- 
neurotic states manifested by tension, anxiety, apprehension, 
fatigue, depressive symptoms or agitation; symptomatic relief 
of acute agitation, tremor, delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology, spasticity 
caused by upper motor neuron disorders, athetosis, stiff-man 
syndrome, convulsive disorders (not for sole therapy). 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma who 
are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol and 
other CNS depressants, Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, abdominal and 
muscle cramps, vemiting and sweating). Keep addiction-prone 
individuals under careful surveillance because of their pre- 
disposition to. habituation and dependence. In pregnancy, 
lactation or women of childbearing age, weigh potential 
benefit against possible hazard. 

Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 

a . Y » 
employed; drugs such as phenothiazines, narcotics, barbi- 
turates, MAO inhibitors and other antidepressants may poten- | 
tiate its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or with suicidal 
tendencies, Observe usual precautions in impaired renal or 
hepatic function. Limit dosage to smallest effective amount in 
elderly and debilitated to. preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, diplopia, hy poten- 
sion, changes in libido, nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, headache, incon- 
tinence, changes in salivation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. Paradoxical reactions suc 
as acute hyperexcited states, re hallucinations, increased 
muscle spasticity, insomnia, rage, sleep disturbances, stimula- 
tion have been reported; should these occur, discontinue drug. 
Isolated reports of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable during long-term 
therapy. 

osage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 10 mg 
bid. to q.i.d.; alcoholism, 10 mg tid. or q.i.d. in first 24 hours, 
then 5 mg tid. or q.id. as needed; adjunctively in skeletal 
muscle spasm, 2 to-10 mg tid. or q.id.; adjunctively in 
convulsive disorders, 2 to 10 mg b.d. to qid. Geriatric or 
debilitated patients: 2 to 2¥2 mg, tor 2 times daily initially, 


increasing as needed and tolerated. (See Precautions.) Children: 


1 to 2% mg tid. or q.id. initially, increasing as needed and 
tolerated (not for use under 6 months). 

Supplied: Valium® (diazepam) Tablets, 2 mg, 5 mg and 
10 mg; bottles of too and 500. An strengths also available in 
Tel-E-Dose® packages of 1000. 


Valium 
diazepam 


To help you manage excessive psychic tension 
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The first predictable and reproducible 
defibrillation of a human heart with a 
reliable D.C. defibrillator was achieved 

-at Providence Hospital, Seattle, Wash- 
- ington, USA, on December 7th, 1961. 
= That original instrument, still in use to- 
< day, was designed and built by Physio- 
Control. To the medical profession, the 
~- event represented a new standard of pre- 
dictable results. To Physio-Control, it 
-was the beginning of a ten-year evolu- 

tionary process that has culminated in 

the manufacture of the world’s “‘first 
family” of defibrillating equipment: 

Physio-Control Series 70 

The most modestly-priced full 400 
watt-second D.C. defibrillator on 
the market today. 

Physio-Control Model 092 

Our medium-priced, all purpose 
line-operated D. C. defibrillator and 
synchronizer. 
< Physio-Control LIFEPAK 911 
A complete ICU-CCU facility inte- 
grated into a single unit. 

Physio-Control LIFEPAK /33* 

The battery operated portable D. C. 
defibrillator that has revolutionized 
emergency cardiac care. 

Physio-Control LIFEPAK 2 
i The latest addition to the Physio 

family. Battery operated and port- 
able like the LIFEPAK/33, LIFE- 
PAK 2 is lighter-weight, and built 
even more ruggedly. New features 
include a larger scope and an op- 
tional FM modulator for transmit- 
ting ECG signals via telephone. The 
LIFEPAK 2, the LIFEPAK/33 and 
the 911 all have Physio-Control’s 
exclusive Quik-Look® feature (in- 
stant ECG reading through the 
defibrillator paddles). 

- To get better acquainted with the 
Physio-Control “first family”, or for the 
answer to any questions you might have LIFEPAK/33 
about defibrillators, go right to the LIFEPAK 911 
world’s leading manufacturer. Contact: jerpak 2 
Physio-Control Corporation, 2607 Sec- 
ond Ave., Seattle, Washington, 98121. 
Telephone (206) 624-4824. Telex 32-0166. 
Cable: Physio-Sea. 





C= Physio-Control 


*LIPEPAK/33 and Quik-Look are registered trademarks of 
Physio-Control Corporation. Quik-Look feature patented 
under U.S, Patent No. 3,547,108. 





Model 092 
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If you could see what 
aldosterone is doing 

in your essential 
hypertension patients... 








Hypertensive patients appear to overreact to 
aldosterone. While aldosterone normally helps 
regulate blood pressure levels,'? it produces a 
greater increase in vascular reactivity in hyperten- 
sives than in normotensives.? Thus “... normal 
production of aldosterone in patients with sustainec 
hypertension may represent inappropriately high 
levels in relation to their hypertension.’ 


A significant percentage of patients with essen- 
tial hypertension may have elevated aldosterone 
secretion levels. 


» An increase in aldosterone secretion often 
follows treatment with thiazides. 


Potassium depletion often follows the secondar) 
aldosteronism induced by thiazides. 





..youd see the reasons for 
starting antihypertensive 
treatment wit 





spironolactone 25 mg. with 
hydrochlorothiazide 25 mg. 


Spironolactone is the only available direct 
competitive aldosterone antagonist—and it ap- 
pears to block the action of aldosterone wherever 
aldosterone acts in the body.** 


With ALDACTAZIDE, your patient benefits from 
additive antihypertensive actions. The antihyper- 
tensive effects of spironolactone and hydrochloro- 
thiazide are approximately equal,’ but are based 
on different physiologic mechanisms.*? 


It is important to note in this respect that triamterene 
has little or no antihypertensive action. 


%* Special advantage for the hypertensive patient 
with potential diabetes or gout—Unlike thiazides, 
spironolactone lowers blood pressure without 
altering glucose or urate metabolism. In 
ALDACTAZIDE, the combination often permits a 
reduction in the dose-related hyperglycemic or 
hyperuricemic effect of the thiazide component. 


With ALDACTAZIDE, spironolactone helps 
maintain potassium balance. Potassium loss due 
to the thiazide component is minimized or 
eliminated. 


* Special advantage for the digitalized hypertensive 
patient—Preventing potassium loss is especialy 
critical in order to avert digitalis toxicity. Aldactazide 
should be given cautiously to patients with elevated 
serum potassium levels. Periodic determinations 
of serum potassium will guard against the possi- 
bility of either hyperkalemia or hypokalemia. 





The negative power of clinically significant anxie 
in angina pectoris... 











During anginal attacks, patients may suffer intense : 
apprehension. More frequently, however, they experience a 
continuing sense of less severe but nonetheless dispropor- 


tionate anxiety. 


Reduction of such clinically significant anxiety is 
important, since undue emotional stress may precipitate 


further anginal episodes. 


Adjunctive Librium (chlordiazepoxide HCl) may be 
especially suitable for relief of clinically significant 


anxiety and emotional tension in anginal patients 


because of its generally prompt therapeutic effective- 
ness and wide margin of safety. Ina recent double-blind 
randomized study,* Librium (chlordiazepoxide HCI) 
was administered for relief of moderate anxiety in 20 
anginal patients seen in office practice over a 20-week 


period. Symptoms of emotional distress related to 


anxiety were rated at base-line, one week, two weeks 
and monthly thereafter. Relief was obtained notably 
early in therapy. The clinical results demonstrated that 
Librium offers the coronary patient an antianxiety drug 
that, in the author’s opinion, is both effective and safe. 
_ In general use, the most common side effects reported 


have been drowsiness, ataxia and confusion, 
particularly in the elderly and debilitated. (See 
summary of prescribing information.) 


Librium (chlordiazepoxide HCl) is used concomitantly 
with certain specific medications of other classes of 
drugs, such as cardiac glycosides, diuretics and antihy- 
pertensive agents, whenever anxiety is clinically signifi- 
cant. The drug should be discontinued after anxiety has 


been reduced to appropriate levels. 


The positive power of 
adjunctive 


@ id 


(chlordiazepoxide HCI) 
10-mg, 25-mg capsules 
up to 100 mg daily 


for moderate 
to severe anxiety 


accompanying angina pectoris 


Before prescribing, please consult complete product 
information, a summary. of which follows: 


Indications: Relief of anxiety and tension occurring alone or 
accompanying various disease states, 
Contraindications: Patients with known hypersensitivity to the 
rug. 
Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants, As with all CNS-acting drugs, 
caution patients against hazardous occupations requiring com- 
plete mental alertness (¢.g., operating machinery, driving). Though 
physical and psychological dependence have rarely been reported 
on recommended doses, use caution in administering to addiction- 
prone individuals or those who might increase dosage; withdrawal 
symptoms (including convulsions), following discontinuation of 
the drug and similar to those seen with barbiturates, have been 
reported. Use of any drug in pregnancy, lactation, or in women of 
childbearing age requires that its potential benefits be weighed 
against its possible hazards. 


Precautions: In the elderly and debilitated, and in children over 
six, limit to smallest effective dosage: (initially 10 mg or less per 
day) to preclude ataxia or oversedation, increasing gradually as 
needed and tolerated, Not recommended in children under six, 
Though generally not recommended, if combination therapy with 
other psychotropics seems indicated, carefully consider individual 
pharmacologic effects, particularly in use of potentiating drugs 
such as MAQ inhibitors and phenothiazines. Observe usual pre- 
cautions in presence of impaired renal or hepatic function, Para- 
doxical reactions (e.g., excitement, stimulation and acute rage) 
have been reported in psychiatric patients and hyperactive aggres- 
sive children. Employ usual precautions in treatment of anxiety 
states with evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely in 
patients receiving the drug and oral anticoagulants, causal rela- 
tionship has not been established.clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may occur, 
especially in the elderly and debilitated. These are reversible in 
most instances by proper dosage adjustment, but are also occa- 
sionally observed at the lower dosage ranges. In a few instances 
syncope has been reported. Also encountered are isolated instances 
of skin eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased and 
decreased libido —all infrequent and beet controlled with 
dosage reduction; changes in EEG patterns (low-voltage fast 
activity) may appear during and after treatment; blood dyscrasias 
(including agranulocytosis), jaundice and hepatic dysfunction 
have been reported occasionally, making periodic blood counts 
and liver function tests advisable during protracted therapy. 
Supplied: Librium® Capsules containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide HCI. Libritabs® Tablets containing 5 mg, 10 mg 
or 25 mg chlordiazepoxide. 


*Levine, S.: “Angina Pectoris and Emotional Overlay,” Scientific 
Exhibit presented at the Annual Meeting of the Maine Medical 
Association, Kennebunkport, Me., June 13-15, 1971. 


A copy of the Levine study may be obtained from your 
Roche representative. 


Roche Laboratories oe 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07440 
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ISSA Standby 
the Star 
Edward 


The Starr-Edwards™ Standby Pulse 









’ standby rates; high sensitivity to ectopic 
# activity; efficient interference rejection a 
9 cycles/second; and a tracking pulse, du 
periods of sinus rhythm, which does not 

distort the underlying electrocardiogram 
Endocardial or myocardial stimulation c 
be accomplished through a variety of lea 
and adapter systems. 


Implantation of an artificial pacemaker is only the beginning of responsible 
management of the heart block patient; your surveillance of the patient and his 
pacemaker is a continuing matter. The Starr-Edwards Cardiac Pacer System is 
the new “better way” to pace and to monitor these patients. Introduction of this 
new system culminates four years of extensive engineering, laboratory, and 
clinical evaluation. 

Edwards Laboratories is the first company to provide a complete patient 
management and records system that was conceived as part of the development of 
a reliable, long-lasting pulse generator. The Data Transmitter given to each 
patient supplements office and clinic visits, and permits pulse generator 
replacement to be scheduled at the optimum time for patient and physician, with 
a minimum of emergency situations—a significant contribution toward patient 
peace of mind. An additional benefit is the Edwards Laboratories tradition of 
providing to the physician detailed clinical results on all its products. Edwards 
Laboratories stands by you in service to your pacemaker patients! 


Cardiac Pacer System 





‘lectronic Analysis System. A 
atient transmitter and physician 
eceiver provide a quick, accurate 
neans for pulse generator analysis 


during patient follow-up. As a An autoclavable Threshold A simple, integrated records system 
supplement to office or clinic visits, Analyzer, for use within the sterile has been developed to assist you in 
the transmitter can be attached to field, allows measurement and the proper care and management 
most telephones for routine confirmation of proper stimulation of your pacemaker patients. 
follow-up anywhere in the world. from the pulse generator about to 


be-implanted. 











E EDWARDS LABORATORIES 
Division of American Hospital Supply Corporation 
C] FINDING BETTER WAYS 
PARN _ 17221 Red Hill Avenue, Santa Ana, California 92705 
® Telephone 714-557-8910, Cable Address: EDSLAB 
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Increased longevity in the new generation 
of Vitatron Medical pacemakers. 


Vitatron Medical announce their 
new series of highly reliable and elec- 
tronicly advanced pacemakers manu- 
factured to the smallest available size. 

Because of automatic energy com- 
pensation there is no need to replace 
a Vitatron pacemaker due to battery 
failure until slowing pacemaker rate 
is physiologically undesirable. 


The relationship between patient thres- 
hold and total pacemaker output can be 
confirmed at any time. 


For detailed technical information write: 
Vitatron Medical N.V. 

P.O. Box 76, NL 6210 Dieren, Holland. 
Vitatron Medical Inc., 

MILTON, Mass. 02186 (USA) 


The longevity of most models is 
increased because the batteries remain 
unconnected to the circuitry until im- 
plantation. The pacemakers are com- 
pletely analysable allowing: determi- 
nation of relative and absolute stimu- 
lation threshold; calculation of safety 
margin during and after implantation 
by simple external monotoring. 

Two ofthe on-demand pacemakers 
offer hysteresis circuitry thereby ad- 
ding to longevity and better physiolo- 
gical pacing. 


MEDICAL QI 





bureau IPS rotterdam 


write it 
precision quality control... 
eassured tablet content uniformity” 


predictable patient response... N : : 
eproven biologic availability’ ( | 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dase of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
Is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCl=74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


Lanoxin digoxin Bo 








Research Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 
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The Three Sphygs 


from Tycos. 






With 65 years of manufactur- 
ing, refining and improving 
aneroids for the medical 
profession, and with over three 
million in use today, Tycos 
sphygs still lead the field in 
accuracy, speed and innovation. 


The big wall sphyg offers out- 
standing advantages for many 
hospital locations and 
physicians’ examination rooms. 
With a big 6%” dial and swivel 
bracket, it’s easy to read from 
anywhere in the room from 
any angle desired. 


The hand and pocket aneroids 
are quality diagnostic 
instruments. Their compactness 
and light weight make them 
easy and comfortable to carry 
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<> One for the 


wall 





medical supply dealer to show 
you the three sphygs and all 
the other quality Tycos 
medical instruments. 


in pocket or bag. For the busy 
practitioner they can be counted 
on to give every day top 


performance. 
All three sphygs have the 6 TAYLO R 
exclusive Tycos visual check SYBRON CORPORATION 


for accuracy, and are backed 
by the famous Tycos 10-year 
warranty. When blood-pressure 
readings can be as simple as 
telling the time, why look for 
anything else. Ask your Tycos 


Taylor Instrument/Health Care Product: 
Arden, N. C. 28704 


From CRO-MED Bionics Corp. A 


An Affiliate of Chromalloy American Corp 





First Class 
Permit No 45012 
New York, N.Y 


or the cardiologist... 


COMPLEGRAM IS 


BUSINESS REPLY MAIL 
an advanced diagnostic aid which 


No Postage Stamp Necessary If Mailed in the United States 


or service to patients and colleagues CRO-MED BIONICS CORP. 


An Affiliate of Chromalloy American Corp 
160 FIFTH AVENUE 
NEW YORK, N.Y. 10010 


| 
| 
| 
| 
| 
| 
| 
| 
nukiples the cardiologists opportunities | Postage will be paid by: 
| 
| 
| 
| 
| 
| 
| 


THE COMPU-GRAM SYSTEM 


The only Automated Three Channel Diagnostic 
OG System designed to be Fully effective 


inthe clinical environment 


Greatly increases speed and efficiency 
-vastly increases nae capability 


BB Definitive, verified ECG diagnoses based on both cardiac rhythm and 
contour analysis are returned via teletype. 

E Rapid turnaround — scheduled to your needs — 24 hours a day, 7 days a 
week. 

E Doily and weekend pre-operative service — same day 
results at no added cost. 

Superior stat and emergency services give 
results in minutes, 24 hours a day. 


E Consultation service with CRO-MED’s staff of 
cardiologists available. 





E No capital equipment investment for most 
advanced three channel COMPU-CONSOLE™ 
which features a 12-lead scalar ECG system that 
automatically records 4 groups of 3 leads 





simultaneously. COMPUTER PROCESSED ELECTROCARDIOGRAM 
E COMPU-GRAM System eliminates laborious, ee et 29 he 
time-consuming task of cutting and pasting tracings. 
In addition, the need for dictation and transcription of cROMed (QB Bionics Corp. anasan sioracnaiior nenen eoan | RES 
ECG diagnosis is eliminated. In addition, CRO-MED’s j ey 


console provides an 8 second tracing — 2 seconds 
per lead set in an already mounted format — that 
can be immediately placed on patient's chart 





E Automated ECG analysis and interpretation frees the 
cardiologist from burdensome overload of reading 
ECGs and multiplies his opportunities for increased 
patient service and consultation. 


Clinically proven—Medically accepte 


The CRO-MED COMPU-GRAM System has been in 

development for over 5 years at The Mount Sinai Medical Center in 
New York and fully operational for over 3 years in major 

medical institutions. The enormous data storage of a digital 
computer allows utilization of 16,000 different ECG criteria for . 
analyzing data from each of the 12 leads. The computer prints out 
a complete analysis of the ECG, and provides a definitive ECG 
diagnosis which is returned in a concise teletype message. 


Gentlemen, 


Please send me more information 
about Compu-Gram. 





Hospital Affiliatior 








j} CRO- MED Bionics Corp. 


An A ite of Chromalloy American Corp 
oan Avenue, New Ye rk, N.Y 10010 (212) 675-5 
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Studied by Cineradiography of Epicardial Markers 


IAN G. McDONALD, MD, FRACP 


Fitzroy, Australia 


From the Cardiovascular Unit, and Depart- 
ment of Medicine, St. Vincent's Hospital, 
Victoria Parade, Fitzroy 3065, Australia. 
This study was supported by a grant-in-aid 
from the National Heart Foundation of 
Australia. Manuscript received January 4, 
1972; revised manuscript received March 
28, 1972, accepted April 25, 1972 

Address for reprints: lan G. McDonald, 
MD, Cardiovascular Unit, St. Vincent's Hos- 
pital, Victoria Parade, Fitzroy 3065, Austra- 
lia. 


The shape of the hypertrophied left ventricle during contraction and 
the shortening of epicardial dimensions were studied by postopera- 
tive cineradiographic studies of opaque markers placed at the time 
of aortic valve replacement in 10 patients with severe isolated aortic 
valve disease. The control group comprised 8 patients with a nonhy- 
pertrophied left ventricle who were treated successfully for pure mi- 
tral stenosis by closed mitral valvotomy. The extent of shortening 
during systole of epicardial chords across the left ventricular base 
and longitudinally from base to apex anteriorly and inferiorly were, 
respectively, 15.8, 14.3 and 16.1 percent (mean 15.4 percent) in the 
control group and 10.3, 7.1 and 5.4 percent (mean 7.6 percent) in 
patients with left ventricular hypertrophy. Thus, myocardial shorten- 
ing was reduced generally in the patients with hypertrophy, but base 
to apex lengths were more affected and individual chords showed 
the most abnormal patterns of shortening during systole. 

In 2 patients with aortic regurgitation of recent onset, these ab- 
normalities were less severe. Furthermore, the patterns of abnormal 
contraction remained unchanged in 4 patients studied serially over 
periods of 6 months to 2 years postoperatively despite electrocardio- 
graphic evidence of some resolution of left ventricular hypertrophy. 
It was therefore concluded that impaired myocardial function and an 
abnormal pattern of left ventricular contraction accompany severe 
left ventricular hypertrophy in aortic valve disease and improvement 
develops slowly or not at all after removal of the abnormal load. 


A clear understanding of the geometry of the contracting left ventri- 
cle is fundamental to the interpretation of cardiac physical signs in 
physiologic terms and, in particular, to the explanation of the mech- 
anism of the apical impulse. In addition, the accuracy of estimates of 
left ventricular volume, velocity of myocardial shortening and mural 
tension, whether based on dimensions measured by angiographic? :? 
or ultrasound*-5 techniques, depends on whether the model chosen 
for calculations bears a reasonable resemblance to the true shape of 
the chamber. Furthermore, increasing sophistication of such mea- 
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TABLE 1 
Clinical Data in 10 Cases 











i : Duration of 
Case Age (yD Aortie V alve Disease o o o aa Heart Failure Associated 
no. & Sex Type Cause (mo) Symptoms 
1 47M AS, AR Congenital subaortic fibrous ring; 18 None 
bacterial endocarditis 
2 42M AS, AR Congenital bicuspid aortic valve; 3 Syncope 
calcific 
3 40M AS Unknown calcific ae Syncope 
4 63M AS Congenital calcific 2 Syncope 
5 49M AR Rheumatic 5 None 
6 49M AR Syphilitic aortitis 6 None 
7 53M AR Rheumatic: bacterial endocarditis 1 None 
8 48F AS, AR Congenital calcific 4 Angina 
9 59M AS Unknown calcific 4 Angina 
10 43M AR Congenital sinus of Valsalva fistula; 18 None 


bacterial endocarditis 





AR = aortic regurgitation; AS = aortic stenosis. 


surements may even require a more specific model in 
order to match the shape of the left ventricle in a 
particular disease state.6 For example, it would be 
important to be aware of any modification of the 
normal contraction pattern that might be caused by 
left ventricular hypertrophy, since the latter is often 
present when assessment of myocardial function is 
required for clinical purposes. Study of sequential 
changes in the geometry of the normal left ventricle 
during systolic contraction in the dog disclosed 
marked changes in shape, ™8 but a more symmetrical 
pattern has since been demonstrated in man.? How- 
ever, in neither animal nor man has the. effect of left 
ventricular hypertrophy been studied. This experi- 
ment was designed to analyze contraction of the hy- 
pertrophied left ventricle in patients who had under- 


TABLE Il 
Hemodynamic Data in 10 Cases 





Pressure (mm Hg) 








Case LV Arterial Mean 
no. (S/ED) (S/D) Wedge AR Cl HR 
1 232/38 92/50 11 2+ 2.4 62 
2 164/37 102/54 32 2+ 3.5 66 
3 240/20 110/75 13 1+ 3.0 75 
4 172/30 88/58 28 ppe 3.4 94 
5 128/8 125/55 9 3+ 2.3 70 
6 151/38 143/50 34 4+ 2.5 90 
7 148/24 148/48 24 4+ er 104 
8 185/22 115/75 18 2+ 2.4 120 
9 205/17 122/68 12 1+ 2.1 57 
10 125/28 115/52 26 4+ 3.2 123 


AR = aortic regurgitation; CI = cardiac index (liters/min per 
m?) D = diastolic; ED = end-diastolic; HR = heart rate (beats/ 
min); LV = left ventricular; S = systolic. 


gone aortic valve replacement for severe isolated aor- 
tic valve disease. 


Methods 


Patients Studied 


Hypertrophied left ventricle (Tables I and II): Con- 
traction of the hypertrophied left ventricle was studied in 
10 patients after isolated aortic valve replacement. Nine 
of the patients were male and 1 was female; the average 
age was 49.3 years. The aortic valve disease consisted of 
aortic stenosis in 3 patients, aortic regurgitation in 4 and 
mixed aortic stenosis and regurgitation in 3. The disease 
was chronic.in 8 patients. In 1 of the 8, the indication for 
surgery was exertional syncope; in the other 7 it. was left 
ventricular failure (average duration 6.8 months). In Pa- 
tients 7 and 10, the clinical evidence indicated that aortic 
regurgitation was of short duration. Thus, Patient. 7 had 
been ill for 3 months with bacterial. endocarditis due to 
streptococcus viridans. At operation, a bicuspid aortic 
valve was found to be the seat of active endocarditis with 
perforation of both of the cusps. Similarly, Patient 10 had 
bacterial endocarditis due to staphylococcus albus with 
constitutional symptoms of 5 months’ duration. Operation 
revealed large perforations in the left coronary and non- 
coronary cusps of the aortic valve and a small sinus of Val- 
salva fistula communicating with the right ventricle. Aor- 
tic valve disease had not been previously suspected in ei- 
ther patient. 

Preoperative right and left heart cardiac catheterization 
was performed using a brachial arteriotomy technique. 
Pressures were measured with reference to the mid-chest 
at the level of the sternal angle: The cardiac output was 
measured by the indicator-dilution method. The severity 
of aortic regurgitation. was assessed from the degree and 
persistence of left. ventricular opacification by contrast 
during aortography and graded from 1+. (mild) to 4+ 
(gross). If aortic regurgitation was mild (1+) in a patient 
with severe stenosis, the classification was aortic stenosis. 
If severe aortic regurgitation was associated with a pres- 
sure gradient of 10 mm Hg or less, the classification was 
aortic regurgitation. 
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The aortic valve was replaced by a Starr-Edwards pros- 
thesis in 3 patients and by a heterograft valve in 7 pa- 
\ tients. The operation was performed by a sternal-splitting 
incision. A rotating disc oxygenator was used for cardio- 
pulmonary bypass at 32C; the coronary arteries were 
cannulated and perfused selectively. As a precaution 
against air embolism during perfusion, a catheter was in- 
serted through a purse-string suture at the apex of the left 
ventricle but no other incision or puncture was made in 
the chamber. 

No patient had clinical evidence of hemodynamically 
significant aortic regurgitation at the time of the post- 
operative radiographic study although a soft early diastolic 
murmur was audible in 3 of the patients with a hetero- 
graft valve. 

Nonhypertrophied left ventricle: Since epicardial 
markers have never been placed on a normal left ventri- 
cle, the control group was represented by 8 patients with 
pure mitral stenosis studied after a clinically successful 
closed mitral valvotomy which did not produce mitral re- 
gurgitation. 


Techniques of Study 


Contraction of left ventricular epicardial dimensions 
was studied postoperatively by single plane cineradio- 
grams which recorded the movement of radiopaque epi- 
cardial markers placed at the time of aortic valve surgery. 
Previous studies have established the safety and validity 
of this method of studying left ventricular contraction in 
man.911 

After replacement of the aortic valve but before discon- 
tinuation of cardiopulmonary bypass, silver aneurysm 
clips were sewn to the epicardial surface of the left ventri- 
cle so as to lie in a vertical plane passing through the long 
‘axis of the chamber (Fig. 1 to 3). These markers were 
placed at the left ventricular base near the atrioventricu- 
lar groove anteriorly (A), inferiorly (B) and at the external 
apex of the left ventricle (E). An additional marker (C) 
was placed on the anterior left ventricular wall between 
markers A and E; the corresponding marker placed on the 
inferior wall (D) in an earlier study? was omitted in all 
but 2 patients in order to shorten the procedure, since it 
was found more difficult to place markers on the inferior 
wall of the hypertrophied left ventricle. 

Cineradiograms were recorded in 2 projections during 
the fourth postoperative week. In the left posterior oblique 
projection, the patient’s right shoulder was rotated anteri- 


FIGURE 3. Cineradiographic frames corre- 
sponding to those of Figure 2 in a patient with 
severe left ventricular hypertrophy (Case 6). 
Note the large excursion of the apical marker 
relative to the apex cardiographic transducer 
(lower right). 


FIGURE 1. In the left posterior 
oblique projection, X-rays (dotted 
line) pass from the tube above to 
the image intensifier below the 
subject approximately at right an- 
gles to the long axis of the left 
ventricle and to the plane of the 
epicardial markers. The sites of the ' 
latter are indicated on the dotted 

outline of the left ventricle. ! 





FIGURE 2. Single cineradiographic frames exposed at the be- 
ginning of systole (A) and end of ejection (B) in a patient from 
the control group. The outline of the apex cardiographic trans- 
ducer is seen above the apical marker (at right). 
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© 
FIGURE 4. Superimposed tracings of epicardial markers in 
single cineradiographic. frames. exposed at the beginning of sys- 
“tole and end of ejection. The arrow indicates: the. direction of 
` movement. T indicates the position of the apex cardiographic 
transducer. The basal. markers, A and B, have been joined by a 
continuous line at the beginning of systole and by a dotted line 
at the end of ejection. a and b represent 2 control patients and 
c to f 4 patients with left ventricular hypertrophy, Note that the 
amplitude of descent of the base is reduced and apical move- 
ment increased in patients with left ventricular hypertrophy with 
the exception of Patient e (Case 10), whose severe aortic re- 
gurgitation was of recent onset (see text). 


orly until the markers at the left ventricular base (A and 
B) could be seen by fluoroscopic study to be maximally 
separated from the apical marker (E). In this projection, 
the markers therefore outlined the profile of the left ven- 
tricle and lay in a plane approximately at right angles to 
the central beam of the X-ray. The accuracy of placement 
of the markers was then checked. by rotating the left 
shoulder forward through 90° to place. the subject in the 
right posterior oblique projection which provided a view 
along the plane of the markers. The cineradiograms were 
obtained on 35 mm film at 60 frames/second. 


Analysis of Cineradiograms 


The electrocardiogram, indirect carotid pulse, apex car- 
diogram, phonocardiogram and an electrical signal indi- 
cating exposure of each frame of the cineradiogram were 
recorded simultaneously on a multichannel recorder as 
previously reported.® This permitted correlation of indi- 
vidual frames with physiologic events. The onset of left 
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FIGURE 5... The pattern of shortening of epicardial dimensions 
AB, AE and BE in the 6 subjects. represented in: Figure 4. The 
dotted lines indicate the beginning of systole and the arrows the 
beginning and end of ejection. a and b show the patterns of 
shortening characteristic of the control. subjects; ¢ to f show 
patterns in patients with left ventricular hypertrophy. 











TABLE III 
Shortening of Epicardial Dimensions: Hypertrophied Left 
Ventricle X 
i Fractional Shortening (9%). . 
Case Peers pea s i 
no, AB AE ‘BE: 
1 5.6 6.3 OB eS 
2 6.7 2.9 4.6 
3 10.7 5.1 3.9.) 
4 12.6 10.1 5.5 
5 15.3 9:4 3.9 
6 11.5 2.7 3.2. 
7 10.1 9.1 75 
8 4.2 3:5 0.7 
9 12.9 10.2 4.3 
10 13.3 11.5 13.7 
Mean+1SD 10.3 3.7 7.1 3.4 5.4cr 3.5 





POSON ENEE oeaan 


ventricular systole was taken to coincide with the. begin- 
ning of the systolic-upstroke of the apex. cardiogram, the 
end of left. ventricular ejection with the initial: high-fre- 
quency vibration ‘of the aortic component of the second 
heart sound, and the onset ‘of ejection was obtained by 
correcting the upstroke of the indirect carotid pulse trac- 
ing for delays in transmission of the arterial pulse wave 
and in the recording transducer. Left ventricular systole 
could then be divided into “preéjection” and “ejection” 
phases which were indicated by symbols:on the cineradio- 
gram. The film was then studied on a standard analytic 
projector (Tage Arno, Denmark). 


Terminology and Calculations 


To facilitate description, the term “pattern of contrac- 
tion” was used to describe changes in the shape of the left 
ventricular epicardial profile outlined by the markers in 
the right posterior oblique projection during systole (Fig. 
1). Particular note was taken of the relative contribution 
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FIGURE 6. Serial studies in Cases 4 and 6 showing little 
change in patterns of shortening between studies made 1 month 
and t year postoperatively. Symbols as in Figure 5. 


“TABLE IV 
Serial Studies: Shortening of Epicardial Dimensions 


Time of 


Ficti i 
Case Postoperative tactional Shortening (%) 








no: Study AB AE BE 

4 1mo 12.6 10.1 5.5 
lyr 12.4 8.0 4.6 

6 1mo -14.5 2.7 3.2 

6 mọ 12.4 1.7 1.3 

lyr 10.4 1.4 1.4 

oe Imo 10.1 9.1 7.5 
6 mo 9.6 10.0 8.3 

10. imo 13,3 11.5 13.7 

: lyr 12.5 11.9 16.4 
2yr 14.0 12.3 16.5 





“TABLE V 
Serial Studies: ORS Voltage 








R (Vs or Ve) +- 
Case no. Study S (V) (my) 

4 Preop 54 
1 mo postop 43 

lyr postop 34 

6 Preop 99 
1 mo postop 106 

6 mo postop 69 

l yr postop 65 

7 Preop 72 
1 mo postop 62 

6 mo postop 47 

10 Preop 61 
1 mo pestop 49 

lyr postop 3 

2 yr postop 36 


Postop = postoperative; preop = preoperative. 
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Diagrammatic comparison of the average systolic 


FIGURE 7... i 
fractional shortening of epicardial dimensions AB, AE and BE in 
control patients and those with left ventricular hypertrophy due 
to aortic valve disease (LVH): The diagram has been simplified 





by ignoring the small systolic movement of the apical marker E 
and change: in the’ direction | of the diaphragmatic epicardial di- 
mension BE. 


to left ventricular ejection. of the movements of descent of 
the base (shortening of dimensions AE and BE) and of | 
narrowing of the base (shortening of dimension AB). As 
an aid to this analysis, the positions of the epicardial 
markers at the beginning of systole and at the end of ejec- 
tion were superimposed manually, using the bones of the 
thoracic cage and wire sternal sutures as fixed points for 
tracing (Fig. 4). The term “pattern of shortening” was 
used to describe the changes in length of an epicardial di- 
mension measured frame by frame on the cineradiogram 
and plotted against time (Fig: 5). The “fractional shorten- 
ing” of each dimension was defined as the percentage dif- 
ference between its maximal length during systole and 
subsequent minimal length before the end of ejection 
(Table IID. The value of this measurement is independent 
of X-ray magnification. The ‘absolute length of the epicar- 
dial dimensions was not recorded because of the difficulty 
of accurately correcting for magnification when using a 
single plane technique. 

In Patients 5 and 8 left bundle branch block developed 
postoperatively. These patients were therefore excluded 
from the analysis of the patterns of shortening of individ- 
ual epicardial dimensions, but the fractional shortening of 
dimensions has been included in Table III. 


Serial Studies 
All of these patients were well at the time of subsequent 


studies, and none had required treatment for heart fail- 


ure (Table IV, Fig. 6). Patients 4, 6 and 7 had heterograft 
valves, and a soft early diastolic murmur was heard in 2 of 
them but was unchanged from the initial study. Patient- 


10 had a Starr-Edwards prosthesis. None had aortic regur- 


gitation of hemodynamic significance. A standard calcula- 
tion was made of the voltages of the precordial leads of: 
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the electrocardiogram in order to obtain an indication of 
changes in the severity of left ventricular hypertrophy and 
therefore an indirect assessment of left ventricular myo- 
cardial mass.12 The voltage of the R wave in lead Vs or Ve 
(whichever was larger) was added to the voltage of the $ 
wave in lead V; (Table V). 


Results 


Nonhypertrophied left ventricle: The epicardial 
profile of the left ventricle outlined by the markers 
contracted in an approximately symmetrical manner 
(Fig. 2 and 7). Thus, the average fractional shorten- 
ing of all 3 epicardial dimensions was 15.4 percent 
and the individual dimensions AB, AE and BE were 
shortened to a similar extent (Fig. 7). The patterns 

-of shortening of individual dimensions were also sim- 
ilar. Shortening commenced immediately after the 
beginning of systole and continued to or just beyond 
the end of ejection (Fig. 5). 

Hypertrophied left ventricle: The average frac- 
tional shortening of epicardial dimensions was 7.6 
percent. Furthermore, the left ventricular epicardial 
profile contracted in a less consistent and a less sym- 
metrical fashion than in the control group. The aver- 
age fractional shortening of the epicardial dimension 
across the left ventricular base (AB) was 10.3 per- 
cent compared to 7.1 and 5.4 percent for the base to 
apex lengths, AE and BE, respectively (Fig. 7). The 
results in individual patients are shown in Table MI. 
The pattern of contraction that exhibited least 

© abnormality was observed in Patient 10, whose left 
ventricular volume overload was of recent onset; the 
average fractional shortening was 12.8 percent, and 
all 3 dimensions were shortened by a similar 
amount. An intermediate pattern was found in Pa- 
tient 7, who also had a volume overload of recent 
onset; the average fractional shortening was 8.9 per- 
cent, and shortening was greatest for AB and least 
for BE. 

Individual epicardial dimensions showed a variety 
of patterns of shortening in the hypertrophied left 
ventricle. Although these patterns probably repre- 
sented a spectrum of abnormality, it was possible to 
classify them as follows: (1) reduced fractional short- 
ening, (2) no shortening or even lengthening during 
preejection systole, (3) reduced shortening or even 
lengthening during ejection, and (4) premature ces- 
sation of shortening during ejection. Examples of 
these abnormalities can be seen in Figure 5. Once 
again, Patient 10 with a volume overload of short 
duration showed least abnormality in the patterns of 
shortening of individual epicardial dimensions; Pa- 
tient 6 with chronic aortic regurgitation showed the 
most marked abnormalities, particularly in the base 
to apex dimensions AE and BE. 

Serial studies: The abnormal patterns of left 
ventricular contraction in patients with left ventricu- 
lar hypertrophy were found to persist without signifi- 
cant change over periods ranging from 6 months to 2 
years in 4 patients (Table IV, Fig. 6). The average 
value of the precordial QRS voltage was reduced 
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from 71 mv at the initial study to 45.5 mv at the last 
study (Table V). 


Discussion 


The choice for the control group of patients with 
closed mitral valvetomy was a compromise. A better 
choice would have been patients with a normal left 
ventricle who were undergoing cardiopulmonary by- 
pass. A study of patients with atrial septal defect 
was considered, but. the right lateral thoracotomy 
employed was unsuitable for placement of epicardial 
markers; furthermore, it was thought that left ven- 
tricular motion might be affected by attachment to 
an enlarged right ventricle. It might thus be argued 
that the abnormal pattern of left ventricular con- 
traction observed postoperatively was due to the ef- 
fects of surgical manipulation or of cardiopulmonary 
bypass. Indirect evidence against this contention is 
that the degree of abnormality of the contraction 
pattern seemed to be related to the duration of aor- 
tic valve disease since changes were less severe in pa- 
tients with more recent lesions. Furthermore, left 
ventricular myocardial function has been found to be 
substantially unchanged after aortic valve replace- 
ment?3 and the abnormally sustained cardiac apical 
impulse, which suggests an abnormal contraction 
pattern (see later discussion), is found both preoper- 
atively and postoperatively in patients with ventric- 
ular hypertrophy. . 

It would be unwise to assume that a patient whose 
mitral stenosis had been surgically relieved had a 
normal left ventricle, since there is pathologic evi- 
dence of an abnormality in the ventricular wall'* 
and physiologic evidence of impaired ventricular 
function!5.16 in this disease. Nevertheless, there is no 
evidence to suggest that the extent of shortening of 
epicardial dimensions would be greater than normal 
in patients with mitral stenosis. On the contrary, es- 
timates of ejection fraction in mitral stenosis were 
slightly smaller than in normal subjects,’ and the 
extent of shortening of epicardial and endocardial di- 
mensions recorded by ultrasound is the same or 
slightly less than in normal control subjects (unpub- 
lished observations). It follows that fractional short- 
ening of epicardial dimensions must have been great- 
ly reduced in our patients with left ventricular hy- 
pertrophy after aortic valve replacement. 

Reasons for reduced myocardial shortening post- 
operatively—impaired left ventricular function: 
When a severe volume overload such as aortic re- 
gurgitation has been corrected, why is myocardial 
shortening per unit length reduced postoperatively? 
Is it because myocardial function remains depressed 
as a result of the effects of longstanding overload, or 
is it simply that the enlarged left ventricle can now 
provide a greatly reduced left ventricular stroke vol- 
ume with less shortening per unit length? In short, 
does the myocardium shorten less because it cannot 
or because it need not shorten more? This question 
cannot be answered for the early postoperative peri- 
od, but Gault et al.1° effectively answered this ques- 
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tion by measuring force-velocity indexes of myocar- 
dial function pre- and postoperatively in 5 patients 
who underwent aortic valve replacement for severe 
aortic regurgitation. In 3 patients preoperative im- 
pairment of left ventricular circumferential shorten- 
ing had persisted despite little change in afterload 
(left ventricular mural tension). In the remaining 2 
patients, contractile shortening had been within nor- 
mal limits preoperatively, remained so postopera- 
tively and substantial decreases occurred in left ven- 
tricular size. The inference seems to be that left ven- 
tricular enlargement persisting after aortic valve re- 
placement is associated with impaired myocardial 
shortening which is due to impaired myocardial 
function. Certainly, these findings and the reduction 
of fractional shortening at the epicardial surface of 
the hypertrophied left ventricle found in the present 
study are consistent with other evidence for reduced 
contractility of hypertrophied myocardium in vitro,17 
in experimental animals!” and in man.13.18 Further- 
more, the milder abnormality found in our patients 
with overload of shorter duration and the long 
asymptomatic phase observed clinically in severe 
aortic valve disease suggest that abnormal left ven- 
tricular contraction develops slowly. Moreover, the 
persistence of impaired myocardial function up to 10 
months postoperatively in the study of Gault et al.13 
and the continued abnormal pattern of contraction 
for periods of up to 2 years in our patients indicate 
that changes in left ventricular function associated 
with left ventricular overload are either irreversible 
or only slowly reversible. These observations may 
have important implications in identifying the opti- 
mal time for aortic valve replacement as the quality 
of prostheses improves. 

Cause of abnormal pattern of shortening: Im- 
pairment of shortening of myocardial fibers alone 
would not explain the tendency for base to apex 
shortening to be more impaired than contraction 
across the left ventricular base. Since significant 
conduction delay was excluded as a cause of this ab- 
normal pattern of contraction, a likely possibility 
would be a change in the architecture of the left ven- 
tricular wall associated with the development of hy- 
pertrophy. Grant!® has suggested that the orienta- 
tion of fibers in the normal left ventricular wall rep- 
resents a response to directions of mural stress. Per- 
haps abnormal stresses in the left ventricular wall in 
patients with aortic valve disease cause gradual 
changes in orientation of myocardial fibers in a man- 


ner analogous to the adaptation of the direction of 
bone trabeculae to altered directions of stress after a 
fracture. There is some evidence to support such an 
hypothesis. An increase in the proportion of circum- 
ferentially oriented myocardial fibers has been de- 
scribed in the left ventricular wall of patients with 
hypertrophy of the chamber.?° These circumferential 
fibers were also found to extend further toward the 
left ventricular apex. Such a change would be ex- 
pected to decrease base to apex shortening of the left 
ventricle during systole and, if sufficiently great, 
could even result in lengthening of the chamber as 
observed in Case 6 of the present study. 

Application to study of cardiac apical impulse: 
Information on the pattern of contraction of the hy- 
pertrophied left ventricle can be most directly ap- 
plied to cardiac investigation in aiding under- 
standing of the cardiac apical impulse. In a normal 
subject, all methods of recording the impulse show a 
rapid outward movement at the beginning of systole 
which is followed by an inward movement during 
ejection.?°-24 By contrast, in patients with left ven- 
tricular hypertrophy, this inward movement during 
ejection is reduced or replaced by a plateau or out- 
ward movement.?°.21,25 During preejection systole, 
the normal left ventricle thrusts abruptly toward the 
chest wall as blood moves dorsally into the mitral 
valve leaflets which balloon toward their closed posi- 
tion.® It therefore seems likely that the systolic up- 
stroke of the apical impulse is due to propulsion of 
the apex and anterior surface of the left ventricle 
against the chest wall as an equal and opposite reac- 
tion to this abrupt backward displacement of blood 
into the mitral valve cusps, a principle analogous to 
that of the thrust of a rocket or jet engine. When 
ejection begins in a normal subject, the left ventricle 
begins to shorten abruptly and presumably draws 
the apex and anterior left ventricular wall away from 
the chest wall, causing an inward movement of the 
apical impulse. However, the impaired shortening of 
the hypertrophied chamber, postulated by Deliyan- 
nis et al.2° and demonstrated in the present study, 
would then result in the more sustained apical im- 
pulse that is felt clinically or recorded. 
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The postmortem findings and clinical records of 27 patients with . 
proved diabetic glomerulosclerosis were examined and reviewed for 
evidence of primary myocardial disease. Twenty-three cases were 
excluded because of complicating conditions such as hypertension, 
significant obstruction of the major coronary arteries or valvular dis- 
ease. Four patients demonstrated cardiomegaly and congestive 
heart failure of no known cause. 

The autopsy findings consisted of left ventricular hypertrophy and, 
in 1 case, right ventricular hypertrophy as well, in the absence of 
major coronary artery disease. Histopathologic study revealed dif- 
fuse fibrotic strands extending between bundles of muscle fibers and 
myofibrillar hypertrophy. In 1 case, the small intramural coronary ar- 
terioles demonstrated thickening of the wall and. narrowing of the 
lumen due primarily to the deposition of acid mucopolysaccharide . 
material in the subendothelial layers and subsequent subintimal 
thickening and medial hypertrophy. 

It is postulated that the myocardial disease seen in these cases is 
probably secondary to diabetic microangiopathy although the direct. 
effects of the abnormal myocardial metabolism in diabetes could not 
be excluded. : 


The pathologic features of diabetic microangiopathy have been de-. 
scribed in human skin, skeletal muscle?:? and renal tissue.*-> How- 
ever, there is no report at present relating the microangiopathy seen 
in these other organs to the pathology of the heart. The purpose of- 
this. paper is to present 4 patients with diabetes mellitus associated 
with renal microangiopathy (Kimmelstiel-Wilson’s disease) who- 
presented with cardiomegaly and advanced cardiac failure due to 
diffuse myocardial fibrosis without significant disease of the major 
coronary arteries. 


Materials and Methods 


Aatopsy data were obtained from the files of Metropolitan Hospital from 
January 1963 through January 1971 on those patients who had microscopic 
evidence of Kimmelstiehl-Wilson’s disease. The total number of autopsies. 
performed during this period was 3,234. The number of patients with dia- 
betic renal microangiopathy was 27. The following criteria were established 
for inclusion in the study: (1) presence of renal changes characteristic of — 
Kimmelstiehl-Wilson’s disease; (2) findings of advanced cardiac disease of 
unknown origin (absence of valvular, congenital, hypertensive heart disease 
or any coronary arterial obstruction greater than 40 percent), and (8) no 
history of alcoholism. Of the 27 patients with Kimmelstiehl-Wilson’s dis- 
ease 20 were excluded because of the presence of major coronary artery dis- 
ease; of these 7 were also noted to be hypertensive; 2 were excluded because. 
of hypertension alone and 1 patient had acute rheumatic carditis: The re- 
maining 4 patients satisfied all the above criteria. 
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TABLE I 
Physical and Laboratory Data 























Case 1 Gase 2 Case 3 Case 4 
A. Physical Findings on Admission 
Age (yr) & sex 68F £9F 76F 62M 
BP (mm Hg} 100/70 100/60 160/80 80/60 
Pulses Intact and equal; intact and equal; Intact and equal; Intact and equal; 
150/min, reg 92/min, reg 104/min, reg 86/min, reg 
Fundoscopic Negative Blurrec optic discs Negative Arteriolar narrowing 
examination ` 
Lungs Bilateral rales Bilateral rales Bilateral rales and No rales heard 
wheezing 
Heart size Cardiomegaly Cardiomegaly Cardiomegaly. et 
Murmurs Holosystolic at apex Holosystolic at apex Ejection systolic Sounds inaudible 
(Erb's point) 
Gallops Sz, S: Sa Sa Sa Sa 
Edema Present Present Present Absent 
B. Laboratory Findings on Admission 
Glucose (mg/100 m!) 200 420 242 1,100 
BUN (meg/100 ml) 60 (increased to 114 53 (increased to 15 (increased to 255 
terminally) 150 terminally) 56 terminally) 
Creatinine (mg/100 ml). 2.(increased to.4,7 5 (increased to 16 0.8 (increased to 1 7.6 
terminally) terminally) terminally) 
Electrolytes Normal Normal Normal Na 118; K 8; CIEI; 
(mEq/liter) CO, content 29- 
Cholesterol 110 196 115 eee 
(mg/100 ml) 
~ Total protein 5.4 5 7.4 
(g/100.ml) 
Albumin (g/100 mi) 3.3 2 2.8 
Hematocrit (%) 24 . 23 44 -36 
WBC (per mm?) 12,200; 78% segmented 8,500; nermal 5,000; normal 25,000; 96% 

i polynuclears; 15% differential differential segmented 
lymphocytes; 7% polynuclears; 
eosinophils 3% lymphocytes; 

1% monocytes 
Urine 3+ albumin; 2+ 3+ albumin; 4-+ 44 albumin; 4+ 4+ albumin; 4-+ 
glucose; pyuria; glucose; 6-8 glucose; 10-15 glucose; pyuria 
bacteriuria WBC/HPF; 2 WBC/HPF; 5. 
RBC/HPF RBC/HPF 
Chest LVH; pulmonary LVH; bilateral LVH; right pleural 
roentgenogram congestion pleural effusion effusion 
ECG RSR; LVH pattern RSR; nonspecific RSR; LVH pattern Terminal sinus. 
ST-T wave tachycardia (on 
changes monitor strip) 





BP = blood pressure; BUN = blood urea nitrogen; /HPF = per high power field; LVH = left ventricular hypertrophy; RBC = red blood 
cells; reg = regular; RSR = regular sinus rhythm; WBC = white blood cells. 


Case Histories 


Case 1: The patient, a 63 year old white woman with 
diabetes of 6 years’ duration. was admitted to Metropoli- 
tan Hospital with a fractured hip. Physical findings dem- 
onstrated a blood pressure of 100/70.mm Hg, cardiomega- 
ly and evidence of biventricular failure. Pertinent labora- 
tory data are summarized in Table I. 

The electrocardiogram (Fig. 1) and chest roentgenogram 
(Fig. 2) demonstrated left ventricular hypertrophy, and 
there was evidence of hilar congestion on the latter. The 

. patient underwent reduction of the hip fracture and died 
24 hours after operation. 


On. postmortem examination the heart weighed 350 g. 
The right ventricular wall measured 0.5 cm, and the left 
ventricular wall 1.8 cm in thickness, No pericardial or en- 
docardial changes were noted. The. myocardium was uni- 
formly brown and firm. Serial sections along the course of 
both coronary arteries revealed no significant. changes. On 
microscopic examination the coronary arteries showed 
moderate thickening. of the intima by fibrous connective 
tissue without occlusion or significant stenosis. Diffuse 
areas of myocardial fibrosis were exhibited. 

The kidneys. weighed 100 g each and had a coarsely 
granular dark brown surface. Microscopic examination 
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FIGURE 1. Case 1. Chest roentgenogram demonstrating left “TS WIECCOLLE EE 3 
ventricular hypertrophy. = i j baii : 
FIGURE 2. Case 1. Electrocardiogram showing left ventricular 
hypertrophy pattern. 


FIGURE 3. Case 1. Microscopic section of 
kidney, demonstrating nodular hyalinization of 
the glomeruli and thickening of Bowman's cap- 
sule. The arterioles are hyalinized and show 
marked thickening of the intima. (Periodic acid- 
Schiff X100, reduced by 37 percent.) 
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FIGURE 4. Case 2. Electrocardiogram demonstrating nonspe- FIGURE 5. Case 2. Chest roentgenogram showing left ventric- 
cific ST-T changes. ular hypertrophy and bilateral pleural effusion. 
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x k A * PG ENT r 4 5 A, E 

¥ \ A f COR * Ñ FIGURE 7. Case 2. Microscopic section of kidney showing 
Ai vaste Suton Y widespread hyalinization of the glomeruli. (Periodic acid-Schiff 
; An cni CAAA X100, reduced by 39 percent.) 


FIGURE 6. Case 2. Microscopic section of myocardium. Note 
diffuse areas of fibrosis throughout. (Masson trichrome stain 
X125, reduced by 3 percent.) 




























































































FIGURE 8. Case 3. Chest roentgenogram demonstrating left FIGURE 9. Case 3. Electrocardiogram demonstrating left ven- 


ventricular hypertrophy and right pleural effusion. tricular hypertrophy and diminutive Q wave in lead Ve. 
demonstrated nodular hyalinization of the glomeruli with effusion. Pertinent laboratory data are indicated in Table 
thickening of Bowman’s capsule. The arterioles were hy- I. 
alinized and showed marked thickening of the intima The electrocardiogram (Fig. 4) revealed nonspecific 
(Fig. 3). ST-T wave changes and the chest roentgenogram (Fig. 5) 
confirmed the presence of bilateral pleural effusions and 
Case 2: A 49 year old Puerto Rican woman with diabe- cardiomegaly. The patient’s blood urea nitrogen increased 
tes of 16 years’ duration was admitted with vomiting and gradually from 58 to 150 mg/100 ml, and she was treated 
recent onset of generalized edema. The blood pressure on with repeated peritoneal dialysis; her condition continued 
admission was 100/60 mm Hg. Gross edema of the face to deteriorate and she died. 
and limbs and severe neck vein distension were present as On postmortem examination, the heart weighed 550 g. 
well as cardiomegaly and evidence of bilateral pleural The right ventricular wall measured 0.4 cm and the left 
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FIGURE 10. Case 3. Microscopic section of myocardium show- 
ing area of fibrosis and foci of myocardial hypertrophy. (Periodic 
acid-Schiff X 125, reduced by 39 percent.) 


ventricular wall 2 cm in thickness. The myocardium was 
firm and brown with evidence of left ventricular hypertro- 
phy. The coronary arteries showed no significant abnor- 
mality. On microscopic examination of the heart there 
were diffuse areas of myocardial fibrosis (Fig. 6). The 
right kidney weighed 230 g, and the left kidney 200 g. 
Both kidneys exhibited a finely granular surface. Cortex 
and medulla were well demarcated. Microscopic examina- 
tion of the kidney showed nodular hyalinization of 85 to 
90 percent of the glomeruli; the small arteries and peri- 
glomerular arterioles revealed marked hyaline degeneration 
and considerable narrowing of the lumens (Fig. 7). The 
lungs were congested with marked fibrosis and thickening 
of the pleura. Alveolar septae were hyperemic and re- 
vealed some increase in fibrous tissue. 


Case 3: This 76 year old woman with a 20 year history 
of diabetes mellitus, a 3 year history of progressive dys- 
pnea and intermittent claudication, and angina of 6 
months’ duration was admitted with recent onset of swell- 
ing and pain in her legs. The blood pressure was 160/80 
mm Hg. She was in respiratory distress and had perioral 
cyanosis and neck vein distension. Cardiomegaly and 
signs of biventricular failure were noted. Laboratory data 
are indicated in Table I. 

Chest roentgenogram (Fig. 8) demonstrated cardiomeg- 
aly, pulmonary congestion and a right pleural effusion. 
Left ventricular hypertrophy was noted on the electrocar- 
diogram (Fig. 9). The patient died 3 weeks after admis- 
sion. 

Postmortem findings were as follows: the heart 
weighed 570 g, the right ventricular wall measured 0.4 cm 
and the left ventricular wall 1.7 cm in thickness. On mi- 
croscopic examination, the myocardium revealed areas of 





v ia 


FIGURE 11. Case 3. Microscopic section of kidney. Nodular 
hyalinization of glomeruli with slight thickening of Bowman's 
capsule. (Periodic acid-Schiff X125, reduced by 39 percent.) 


Wedd 





FIGURE 12. Case 4. Section of myocardium showing a small 
intramural coronary arteriole with thickening of wall due to fi- 
brosis and accumulation of acid-staining mucopolysaccharide 
material. (Periodic acid-Schiff X250, reduced by 39 percent.) 


November 8, 1972 The American Journal of CARDIOLOGY Volume 30 599 


CARDIOMYOPATHY WITH DIABETIC GLOMERULOSCLEROSIS—RUBLER ET AL. 





fibrosis and foci of myocardial hypertrophy (Fig. 10). 
No major coronary artery showed significant narrow- 
ing of the lumen. The right kidney weighed 200 g and the 
left 260 g, and their surfaces were finely granular. On mi- 
croscopic examination the kidneys showed nodular and 
diffuse changes of the glomeruli with mild thickening of 
Bowman’s capsule. The interstitial arteries and arterioles 
were moderately thickened (Fig. 11). In the lungs there 
was acute pulmonary congestion with focal edema, and 
the capillaries were congested. 


Case 4: This 62 year old white man had diabetes of 5 
years’ duration and had previously sustained bilateral leg 
amputations. He entered Metropolitan Hospital in a 
semistuporous state after 5 days of anorexia and poly- 
dipsia. His blood glucose level was 1,000 mg/100 ml, blood 
pressure was 80/60 mm Hg and he was markedly dehy- 
drated. Heart sounds were inaudible. Hepatomegaly was 
present. The monitor electrocardiogram showed sinus 
tachycardia and marked widening of the QRS complex. 
He died 12 hours after admission. 

The postmortem findings were as follows: the heart 
weighed 500 g, the right ventricular wall measured 0.9 cm 
and the left ventricular wall 1.8 cm in thickness. The 


FIGURE 13. Case 4. Section of kidney. A, 
thickening of intramural arteriolar wall due to 
subendothelial distension with mucopolysaccha- 
ride material and medial hypertrophy. (Periodic 
acid-Schiff X250, reduced by 37 percent.) B, 
nodular hyalinization of glomerulus. (Hematoxy- 
lin and eosin X250, reduced by 37 percent.) 


major coronary arteries were 80 percent patent. The 
ventricles were dilated and hypertrophied. Microscopic ex- 
amination of the heart showed that the small intramural 
coronary arterioles had thickening of the subendothelial 
layers of the wall due partially to fibrosis, but mainly to 
an accumulation of acid mucopolysaccharide. A moderate 
degree of thickening of the medial wall of the arterioles 
was also noted (Fig. 12 and 13A). Myocardial microscopic 
sections revealed scattered areas of fibrosis. In some sec- 
tions of both ventricles, strands of fibrous tissue were 
noted to extend between muscle bundles. Gross examina- 
tion of the kidneys revealed multiple small abscesses of 
the cortices. Microscopic examination showed nodular hy- 
alinization of the glomeruli with thickening of Bowman’s 
capsule. The arterioles were hyalinized and showed 
marked thickening of the intima (Fig. 13B). Examination of 
the lungs showed bilateral basilar congestion, and on mi- 
croscopi¢ examination there was pulmonary edema and 
capillary congestion. 


Discussion 


The 4 patients presented here had the following 
features in common: They were middle-aged to el- 
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derly, had diabetes of at least 3 years’ duration with 
. resultant nephropathy and had gross cardiomegaly 
with congestive heart failure. The major characteris- 
tics of their cardiac disease resembled the manifesta- 
tions of primary cardiomyopathy®?!° or the secon- 
dary cardiomyopathy seen in patients with Chagas’ 
disease,11_ with neuromuscular disorders!2-14 or in 
association with alcoholism.®.15-16 The 4 patients 
had myocardial disease of no known origin. Three of 
them presented with cardiomegaly, biventricular 
failure and gallop rhythm. Two of these 3 patients 
had holosystolic apical murmurs, and 1 (Case 3) had 
an ejection systolic murmur at Erb’s point. These 3 
patients also had X-ray findings consistent with left 
ventricular enlargement, and 2 had electrocardio- 
graphic evidence of left ventricular hypertrophy. Pa 
tient 2 had only nonspecific ST-T changes. The fourt 
patient was moribund on admission and therefore 
X-ray films and electrocardiograms were not avail- 
able. Only a rhythm strip was obtained. 
-~ Capillary and arteriolar lesions in diabetes: 
The concept of a small vessel disorder involving dif- 
fuse organ systems in diabetes is not new. Aagenaes 
and Moet found periodic acid-Schiff positive materi- 
al in the periendothelial layer of the capillaries of the 
toes and fingers of patients with diabetes whic 
caused a 10-fold increase in the thickness of the 
basement membrane. In another study," these eap- 
illaries were noted to be prominent, and the base- 
ment membrane was reduplicated. Examination of 
muscle tissue obtained from the legs of diabetic pa- 
tients demonstrated marked widening of the intersti- 
tial capillaries, and the authors? suggested that there 
were lesions throughout the body that were produced 
by this angiopathy. 

When the digital arterioles of amputated limbs of 
patients with diabetes were compared with speci- 
mens from arteriosclerotic patients without diabetes 
only the former demonstrated proliferation of en- 
dothelial cells with periodic acid-Schiff positive stain 
and colloidal negative hyalinization of the blood ves- 
sel walls.18 Farquhar et al.5 and Kimmelstiehl et al.4 
discussed similar lesions in the glomerular capillaries 
of patients with diabetic glomerulosclerosis, and 
angiopathy of the retinal vessels was described in an- 
other study.19 

Cardiomyopathy due to vascular changes in 
myocardium of diabetic patients: 





Previous inves- 
tigations have not mentioned the presence of these 
pathologic findings in the vasculature of the heart. 
In this study we have demonstrated that there are 
diffuse areas of fibrosis throughout the myocardium 
and myocardial hypertrophy. In 1 case, there was 
definite angiopathy similar to the renal pathologic 
changes and characterized by intimal and sub 
dothelial thickening of arteriolar walls by the depcs}- 
tion of periodic acid-Schiff positive staining muco- 
polysaccharide material. 

Small vessel disease in the heart has been recog- 
nized as an entity.?° It occasionally occurs in the ab- 


sence of large vessel disease, and has been implicated 
in the production of angina in young women whose 
coronary angiograms have shown no abnormality in 
the major vessels.?1,22 Similarly, the coronary angio- 
grams were normal in a young man with a myocar- 
dial infarction described by Sidd et al.23 In sickle 
cell states, the intramural arterioles of the heart 
were found to contain clumps of red blood cells, but 
the major coronary arteries were unaffected. The 
myocardial microscopic sections revealed diffuse fi- 
brosis and hypertrophy. 24 

In primary cardiomyopathy, coronary angiography 
has demonstrated straightening and narrowing of the 
branches of the major coronary arteries and diffuse 
involvement of the medium-sized and small arteries 
in contradistinction to the segmental and multifocal 
narrowing and total occlusions of the large vessels in 
coronary artery disease.25 

Cardiomyopathy due to metabolic derange- 
ments in diabetic patients: The possibility that 
the myocardial disease might be produced not by the 
small vessel disease but by the metabolic derange- 
ments associated with diabetes could not be exclud- 
ed. The hearts of rats with alloxan diabetes have 
been found to have an increased myocardial triglyc- 
eride content associated with the formation of nu- 
merous lipid droplets demonstrated under light 
microscopy.2® Metabolic disturbances in human dia- 
betes and alloxan diabetic dogs have demonstrated 
impaired utilization of carbohydrates by the heart. 
Although the diabetic heart can utilize glucose, it 
does so only to a limited extent. The lactate utiliza- 
tion was also found to be impaired and the total 
amount of energy available from carbohydrates 
sources reduced. Furthermore, it has been postulated 
that a metabolic block exists between pyruvate and 
the tricarboxylic acid of the Krebs cycle. The human 
diabetic heart also extracts more fatty acids and 
more ketone bodies because of this metabolic de- 
rangement.?? 

Metabolic disturbances have also been noted in al- 
coholic heart disease where increased intramyocar- 
dial triglycerides have been found. Wendt et al.28 
have demonstrated that the myocardial extraction of 
substrates after the acute ingestion of alcohol was 
consistent with the rise or decline in arterial blood 
levels of the substrate with the exception of lactate 
and glucose. Lactate extraction decreased and glu- 
cose extraction increased. They postulated that 
changes in the metabolism of the heart could lead to 
irreversible alcoholic cardiomyopathy after repeated 
exposures to this agent. Alterations in myocardial 
metabolism in diabetes such as those mentioned by 
Ungar et al.27 may lead to similar myocardial disease 
although the metabolic derangements are not identi- 
cal. 

Cardiomyopathy due to renal disease in diabetic 
patients: These patients had severe renal impair- 
ment. The influence of renal disease upon the myo- 
cardium has been discussed by Whitehill et al.,29 
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who found that cardiac failure occurred in acute ne- 
phritis and stressed the prevalence of such signs and 
symptoms as dyspnea, neck vein distension, heaving 
apical impulse, murmurs, gallop rhythms, hepato- 
megaly and pulmonary edema. They made this diag- 
nosis in 71 percent of their cases and found that car- 
diac decompensation was reported in 17 to 40 per- 
cent of the cases in other reported series. They at- 
tributed this condition to hypertension but men- 
tioned its presence even in the absence of increased 
blood pressure. In the latter circumstance they pos- 
tulated a “myocardial factor” which they assumed 
might be secondary to capillary permeability. How- 
ever, they stated that “no information is obtained 
from microscopic examination of the heart muscle 
which is almost universally reported as normal.” 
Therefore, although the clinical picture prompted 
the diagnosis of myocardial failure, the pathologic 
data did not establish any basis for the assumption 
that the myocardium itself was affected in acute ne- 
phritis. 

Microscopic evidence of myocardial changes was 
obtained,®° however, in 16 patients with acute and 
subacute glomerulonephritis who were found to have 


serous myocarditis with sparsely scattered cellular 
elements such as lymphocytes. However, fibrosis and 
degenerative alterations of the myofibrillar structure 
were absent, and the pathologic changes were unlike 
those noted in our cases. Moreover, the vascular 
changes noted in Case 4 showed the presence of peri- 
odie acid-Schiff positive staining material which is 
also unique to this cardiac condition. 


Conclusion 


From our study of these cases, we believe that pa- 
tients with long-standing diabetes who have renal 
disease may have concomitant myocardial changes 
which cannot be attributed to major coronary arteri- 
al involvement, hypertension, valvular or neuromus- 
cular disease, excessive ingestion of alcohol or to the 
associated renal disease or uremia. Therefore, they 
must be considered to have a form of cardiomyopa- 
thy not previously described. These cases manifest 
the clinical findings noted in cardiomyopathy, pri- 
marily cardiomegaly and congestive heart failure as- 
sociated with pathologic lesions characterized by 
myocardial hypertrophy, fibrosis and alterations of 
the small vessels of the heart. 
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Right atrial pacing studies were performed in 58 patients with coro- 
nary artery disease and in 15 normal subjects. Angina pectoris was. 
induced in 58 percent of patients with coronary artery disease at an. 


average heart rate of 129 + 3 beats/min; ischemic S-T segment 
depression was noted in 63 percent of such patients experiencing —__ 


angina pectoris and in 31 percent of those without angina. The 
greater the severity of coronary artery disease, the more frequent 
the pacing-induced angina. The main hemodynamic difference be- |... 
tween the normal subject and the. patient with coronary artery dis- S 
ease was the failure of the left ventricular end-diastolic pressure to 
decrease during pacing in the latter. Pacing ventricular function 


curves were abnormal in 60 percent of patients with coronary artery 


disease in the absence of angina pectoris and abnormal i in 90 per- 
cent during induced chest pain. 

Pacing studies were safely performed in 8 patients with unstable __ 
angina pectoris, with angina induced by pacing in 7. No significant 
hemodynamic differences were noted between these patients and 
those with stable coronary artery disease. 

Significant postoperative hemodynamic abnormalities were noted a 
in 9 patients; preoperative and postoperative studies indicated little | E 
improvement in myocardial performance after aortocoronary artery- 
vein bypass surgery. 


Since the report of Sowton et al.! on the induction of angina pectoris 
using atrial pacing, many investigators have employed this tech- 


nique in the study of patients with coronary atherosclerosis.2-24 At- 


rial pacing induces a controlled increase in heart rate, thereby en- 
haneing myocardial oxygen consumption, and may induce myocar- 
dial ischemia when the coronary circulation is unable to maintain 
blood flow commensurate. with the increased myocardial de- 
mands.35.16 Various hemodynamic,!-8-1 44 electrocardiographic?-5 6 
and metabolic abnormalities?:® 8-10.17 may be noted when the pacing 
responses of patients with coronary artery disease are compared with 
those of normal subjects, 151° and these alterations may have diag- 
nostic and therapeutic value. In addition, although apparently less 
sensitive than exercise stress,?°-?* atrial pacing may be of value in 
assessing left ventricular myocardial function.2-§ 12.15.23 24 

We have been utilizing graded right atrial pacing as one compo- 
nent of our evaluation of patients with coronary atherosclerosis. This 
report describes our recent experience with this technique, including 
studies performed in patients before and after myocardial revasculari-. 
zation, and in patients with coronary insufficiency (preinfarction 
angina pectoris). 


Methods 


Eighty-two right atrial pacing studies were carried out in 73 patients dur- 
ing cardiac catheterization; 9 patients had preoperative and postoperative < 
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evaluation. Eight of the 72 patients had preinfarction an- 
gina, and 50 had stable angina; 15 comprised a control 
group of patients with no coronary artery disease. The 
subjects in the control group had normal hemodynamic 
and angiographic findings; they were studied because they 
had chest pain, to rule out coronary artery disease. Al- 
though atrial pacing could induce supraventricular and 
ventricular arrhythmias as well as conduction distur- 
bances in the patients with coronary artery disease, previ- 
ous studies have disclosed that this procedure is relatively 
benign and devoid of major complications.7:13.18.24 
Hemodynamic and angiographic studies were performed 
in all patients for diagnosis or for preoperative or post- 
operative evaluation. Each patient was informed of the na- 
ture of the investigation. 

With the patient in the postabsorptive state and under 
light pentobarbital sedation and local anesthesia with li- 
docaine, a needle was inserted into the left femoral artery 
and a cutdown procedure performed in the right or left 
antecubital area. By standard techniques, one catheter 
was placed in the pulmonary artery through an antecubi- 
tal vein and another in the left ventricle retrograde from 
the brachial artery. A bipolar electrode catheter was posi- 
tioned in the right atrium. All pressures were recorded 
through fluid-filled systems on an Electronics for Medi- 
cine DR8 recorder through Statham P23Db strain gauges. 
The mid-chest position served as the zero reference point. 
Left ventricular end-diastolic pressure, recorded on a high 
sensitivity scale, was measured at the point where the 
downslope of the left ventricular A wave coincided with 
the initial upstroke of the left ventricular pressure; this 
usually occurred near the peak of the R wave of the elec- 
trocardiogram, about 0.05 second after the Q wave. Left 
ventricular end-diastolic pressure was averaged over 2 re- 
spiratory cycles, or approximately 10 beats. At rapid rates, 
the time relation between the Q wave or R wave and the 
left ventricular end-diastolic pressure at the control rate 
was used to determine the proper point for measurement. 

After the control arterial and the intracardiac pressures 
were measured, the heart rate was gradually increased by 
right atrial pacing, beginning at a rate 5 to 10 beats/min 
above the control level. Subsequently, rates were in- 
creased by about 10 beats a minute, with hemodynamic 
measurements recorded after a 2 minute period at the 
particular heart rate. Cardiac output was determined dur- 
ing the control period by the dye-dilution method at an 
intermediate heart rate of 100 to 110 beats/min and at the 
maximal pacing rate. The latter was determined for each 
patient on the basis of his response. Pacing rates were 
limited in some patients by the development of Wencke- 
bach-type second degree atrioventricular (A-V) block. In 
all patients we attempted to obtain significant changes in 
left ventricular end-diastolic pressure (that is, reduction 
to a value close to zero when the control left ventricular 
end-diastolic pressure was normal, and a pacing left ven- 
tricular end-diastolic pressure within the normal range 
when the control value was increased). Our aim was to 
construct pacing ventricular function curves relating pac- 
ing-induced changes in left ventricular end-diastolic pres- 
sure to stroke work. Stroke work was calculated from the 
following formula: Stroke work = {((FAm) — LVEDP x 
SV xX 1.36]/100 = gram-meters (g-m) where (FAm) is 
mean femoral arterial pressure, LVEDP is left ventricular 
end-diastolic pressure and SV is stroke volume. These 
function curves have been termed pacing ventricular func- 
tion curves?3-24 since, in the “classic” function curves, 
heart rate and other potential variables are held constant 
and alterations in stroke volume are produced by varying 


venous return.25 In these studies, stroke volume is being 
altered by increasing heart rate.1*-19 These “curves” were 
also interpreted in relation to the curve of the normal con- 
trol patient rather than to the classic description?® since 
their shape is more linear over a wide range of left ven- 
tricular end-diastolic pressure. 

To detect ischemic electrocardiographic changes during 
pacing, the leads were chosen so as to coincide with those 
showing changes before catheterization. If the 12 lead 
electrocardiogram was normal, recordings were made of 
complexes reflecting the anterior as well as the inferior 
wall of the heart. S-T segment depression of more than 1 
mm (standardization of 1 millivolt = 1 cm) was consid- 
ered to represent an abnormal ischemic response.®.?6 A 
precatheterization 12 lead electrocardiogram was used for 
comparison with the other indexes of myocardial function, 
with special emphasis on whether a previous myocardial 
infarction could be diagnosed.?7-28 The P-R interval was 
also measured in each patient since it increases with at- 
rial pacing and this increase would tend to disturb the 
relation between atrial and ventricular contractions and 
might adversely influence myocardial function.2° 3° True 
angina pectoris was considered to be present when the pa- 
tient’s chest discomfort had the usual characteristics and 
was similar to that occurring during exertion.3! By careful 
questioning and familiarity with the patient’s clinical syn- 
drome, this kind of discomfort was distinguished from the 
feeling in the chest that patients sometimes experience 
during pacing. 

In most patients, pacing was suddenly interrupted and 
left ventricular end-diastolic pressure studied in 2 ways: 
(1) by noting the initial post-pacing left ventricular end- 
diastolic pressure level, and (2) by averaging the first 10 
left ventricular end-diastolic pressure points in the post- 
pacing period. After the physiologic studies were com- 
pleted, left ventricular and coronary cineangiographic 
studies were carried out. The techniques used, the evalua- 
tion of the films and the grading systems, which included 
separating generalized from localized left ventricular an- 
giographic abnormalities, have been previously described 
by us and others.22-34 In each patient with coronary dis- 
ease, the atherosclerosis was extensive, occlusive lesions of 
over 50 percent of a vessel diameter being considered sig- 
nificant.35 The number of coronary vessels involved in any 
patient was determined by considering the right coronary, 
the left anterior descending and the left circumflex arte- 
ries and any of their major branches as individual vessels. 

The same hemodynamic studies performed in patients 
with stable angina were performed in those with preinfarc- 
tion angina pectoris. Evaluation was performed an average 
of 3.5 months postoperatively (range 3 weeks to 1 year); 
6 of the 9 studies were performed within 3 months. 


Results 


Normal subjects (Table IA): An increase in 
heart rate from 81 + 3 to 130 + 5 beats/min resulted 
in no change in mean systemic arterial pressure or 
cardiac output; left ventricular end-diastolic pres- 
sure and stroke work decreased, and the P-R inter- 
val increased significantly. These results are similar 
to those described in previous studies. 18-19 

Patients with coronary artery disease and sta- 
ble angina pectoris (Table IB): Maximal pacing 
heart rate (129 + 3 beats/min) and changes in P-R 
interval were similar to the alterations noted in the 
normal subjects. The patients experiencing angina 
pectoris reached a heart rate of 127 + 4 beats/min, 
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whereas those without induced angina reached a 
heart rate of 133 + 3 beats/min. The latter group in- 
cluded 3 patients who experienced A-V block at 
heart rates of 93, 102 and 108 beats/min, respective- 
ly. If these 3 patients are eliminated from the calcu- 
lation, the average heart rate in the other patients 
not having induced angina was 140 + 2 beats/min. 
The development of A-V block during pacing limits 
the stress imposed upon the left ventricle and may 


lead to some false negative results. There was a 


small increase in mean arterial pressure in patients 
with stable disease; however, no. significant change 


occurred in cardiac output, and stroke work was re- 


duced during pacing. No significant. change occurred 
in left ventricular end-diastolic pressure, a distinc- 
tively abnormal response to atrial pacing. In individ- 
ual patients, the left ventricular end-diastolic pres- 
sure remained the same in 10, decreased in 20 and in- 
creased in 20. The left ventricular end-diastolic pres- 
sure decreased initially (the normal response to pac- 
ing) in 27 of 38 patients experiencing angina pectoris 
during pacing. At the maximal paced rate, the left 
ventricular end-diastolic pressure was above the con- 
trol level in. atients, was ‘reduced in 10 and re- 
mained unchanged. 1 6. No significant differences 
existed between pati nts whose left ventricular end- 
diastolic pressure increased and those whose pressure 
remained decreased in respect to maxima! paced 
heart rate, ischemic electrocardiographic changes, 
cardiac output or ' angiographic finding (see relevant 









TABLE 1 i ; 
Right Atrial Pacing—Hemodynamic Responses 





We FA AVEDP CO SW P-R 


A. Normal Subjects (no, = 5) 





Control. 81 3. CEA 9+1 5.740.3 8344 0.17 40.01 


Pacing 130 + 5* 100 4 241 5.60.3 554 4* 0.2640. 02* 





B. Patients with Chronic Coronary Artery. Disease (no. HD). 





oe 2 92 1241 4.540.2 146 0.15 at: 0.02 


Pacing 1294 3%: 107 + 2* Mtz: 4, 70. 2 52.4 3 0. a 0. o1* k 





C. Patients with Postoperative Coronary Artery Disease (no, = 9) 





Control 902 100+6 2+1 4.50.3 624-6 0.17 + 0.01 
Pacing 1464:5* 102+ 8 13.4 4,52:0.3 394: 4* 0.24 + 0.02* 








D. Patients with Preinfarction Coronary Artery Disease (no, = 8) 





941 4.740.3 809 0.15+ 0,02 
83 4.7£0.3 554 8* 0.2 0.02 


Control 7445 1016 
Pacing 138+: 6* 108+ 7 





== significant differences between control and pacing values 
(P = 0.05) within the same group. 
All values are in standard error of the mean. CO = cardiac 
output (liters/min); FA = femoral arterial mean pressure (mm 
Hg); HR = heart rate (beats/min), LVEDP = left ventricular end- 
diastolic pressure (mm Hg); Pacing = values during the highest 
paced heart rate; P-R = P-R interval (seconds), SV = stroke 
volume (ml); SW = stroke work (g-m). 
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sections). The only notable difference was that the 
ventricular function curve before induced angina was 
more likely to be abnormal in those whose left ven- 
tricular end-diastolic pressure subsequently in- 
creased (13 of 22 patients—59 percent) than in those 
whose pressure remained at a low level (6 of 16 pa- 
tients—-38 percent). 

Patients with preinfarction or unstable angina 
pectoris:. The general hemodynamic responses of 
these patients were similar to those of patients with 
stable angina pectoris (Table ID). Alterations in 
heart rate were approximately the same, and no 


‘changes occurred in mean arterial pressure or cardi- 


ac output. Left ventricular end-diastolic pressure did 
not change with atrial pacing, but in individual pa- 
tients remained the same in 1, decreased in 4 and in- 
creased in 3. Angina was induced in 88 percent (7 of 
8 patients) of this group, but in only 58 percent of 
those with stable angina. During angina, the pacing 
ventricular function curves were abnormal in 7 of 7 
patients but, in the absence of induced angina, the 
pacing ventricular function curve was normal in 4 of — 
8 patients. All left. ventriculograms showed localized. 
contraction abnormalities. Four patients had 2-vessel ` 
and 4 had 3-vessel coronary disease. Atrial pacing 
was uncomplicated in each, and all survived saphe- 
nous vein-aortocoronary artery bypass surgery. 
Symptomatic _ and electrocardiographic re- 
sponses to atrial pacing: Atrial pacing induced 


angina pectoris in 29 of 50 patients (58 percent) with © 


chronic stable coronary artery disease and in 38 of 67 
patients (57 percent) if all the studies in patients 
with coronary artery disease are considered. Angina 
occurred at an average heart rate of 129 + 3 beats/ 
min. Fifty-six patients experienced angina pectoris 
during exertion, and 39 (70 percent) had pacing-in- 
duced angina. No pacing-induced angina occurred in 
3 patients with atypical chest pain nor in 3 without 
exercise-induced chest pain. The chest pain was usu- 
ally relieved promptly (within 1 to 2 minutes) after 


the pacing was discontinued, but nitroglycerin was 


administered to 6 patients whose pain was more pro- 
longed. No other significant symptoms were noted _ 
although a few patients had some anxiety and mild _ 
shortness of breath which were relieved by discon- — 


- tinuing the pacing. 


Ischemic (1 mm) S-T segment depression was 


noted in 24 of 38 patients (63 percent) experiencing 


angina pectoris and in 9 of 29 (31 percent) without 
chest. pain (all patients). The electrocardiographic 
change usually preceded the onset of chest pain and 
persisted after pain relief for 30 to 60 seconds. In 1 
patient, pacing induced a short run of supraventricu- 
lar arrhythmia, but this was self-limited and was the 
only pacing- -induced arrhythmia. In patients with 
stable angina, the electrocardiogram was consistent 
with old myocardial infarctions in 19; angina was in- 
duced in 9 (47 percent). In subjects with normal 
electrocardiograms or only nonspecific changes, pain 
was induced in 22 of 31 (71 percent). 
Angiographic-pacing correlations: The coro- 
nary arteriograms and the left ventriculograms were 
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normal in all 15 subjects in the control group. In the 
group with stable coronary artery disease, 8 of 50 pa- 
tients had 1-vessel, 23 had 2-vessel and 19 had 3-ves- 
sel disease. Angina was induced in 2 of 8 (25 per- 
cent), 13 of 23 (57 percent) and 14 of 19 (74 percent), 
respectively. Patients with pacing-induced angina 
had an average of 2.4 diseased coronary vessels per 
patient; those not experiencing angina had involve- 
ment of 2.0 vessels per patient. Pacing-induced is- 
chemic S-T segment depression was seen in 2 of 8 
patients (25 percent) with 1-vessel disease, 14 of 23 
(61. percent) with 2-vessel and 12 of 19 (63 percent) 
with 3-vessel disease. 

Four patients with stable disease had grossly nor- 
mal ventriculograms, as did the 15 patients in the 
normal group. Forty-six of 50 patients with stable 
coronary artery disease had abnormalities of left 
ventricular contractility, of which 19 were considered 
to be general and 25 local in nature. In 2 patients, 
large ventricular aneurysms were present, but no pa- 
tients had significant mitral valvular insufficiency or 
ventricular septal defects. 

Myocardial function: Comparison with pre- 
viously published data disclosed that the normal 
subjects had pacing ventricular function curves con- 
sidered normal. In those patients with stable angina 
pectoris, the pacing ventricular function curves in 
the absence of angina pectoris were abnormal in 30 
of 50 patients (60 percent). In 26 of 29 instances (90 
percent) in which data were available during angina 
pectoris, the pacing ventricular function curves were 
abnormal. Twelve of 20 patients with normal ven- 
tricular function curves subsequently had angina 
pectoris; the pacing ventricular function curve be- 
came abnormal in 9 and remained normal in 3. 
There was no significant relation between the pacing 
ventricular function curve and the number of coro- 
nary vessels involved, as determined by angiography 
or electrocardiography. The ventricular function 
curves were abnormal in 5 of 8 (62 percent) patients 
with 1-vessel, 13 of 23 (57 percent) with 2-vessel and 
12 of 19 (63 percent) patients with 3-vessel disease. 
Ventricular function curves were abnormal in 16 of 
29 (56 percent) with nonspecific changes, and in 14 
of 21 patients (67 percent) with electrocardiographic 
evidence of old myocardial infarctions. 

The pacing ventricular function curves. in the ab- 
sence of angina were abnormal in only 1 of.4 patients 
(25 percent) with normal left ventriculograms but 
were abnormal in 19 of 21 patients (90 percent) with 
generalized left ventricular abnormalities (including 
ventricular aneurysms). In 25 patients with localized 
angiographic abnormalities, the pacing ventricular 
function curves were abnormal in 11 (44 percent) 
and normal in 14 patients. 

When compared with the control left ventricular 
end-diastolic pressure, the pacing ventricular func- 
tion curve was normal in 17 of 29 patients (60 per- 
cent) with normal left ventricular end-diastolic pres- 
sure (12 mm Hg or less). The pacing ventricular 
function curve was normal in only 2 of 21 patients 
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(10 percent) whose control left ventricular end- 
diastolic pressure was increased. 

Pacing interruption: For 10 normal subjects, the 
control left ventricular end-diastolic pressure was 
similar (9 + 1 mm Hg) to the left ventricular end- 
diastolic pressure in the first postpacing beat and in 
an average of postpacing beats (Fig. 1). In 47 studies 
in patients with coronary artery disease (with or 
without angina), the value was 20 + 2 mm Hg for 
the first postpacing beat and 19 + 2 mm Hg for an 
average of 10 beats. This represents a significant ov- 
ershoot from the control level of 13 + 1 mm Hg (P = 
0.01). An overshoot in left ventricular end-diastolic 
responses in 26 of 47 patients (55 percent) with coro- 
nary artery disease was indistinguishable from that 
in the control group. When related.to the pacing 
ventricular function curve, an overshoot indicated 
abnormal. myocardial function in 20.of 21 patients. 
Although this postpacing increase seems to indicate 
abnormal myocardial function, 15 of 26 patients (58 
percent) with no overshoot also had abnormal myo- 
cardial performance. 

Postoperative studies: Except for the ability to 
pace to a higher maximal heart rate, there were no 
significant differences between the hemodynamic re- 
sponses of this group and those of the group with 
chronic coronary ischemic symptoms (Table IC). On 
the other hand, angina pectoris was induced by pac- 
ing in 7 of 9 patients before operation but in only 3 
of 9 after operation. Ischemic electrocardiographic 
changes were induced in 5 before operation, but in 
only 2 patients after operation. In 2 patients, surgi- 
cal treatment was unsuccessful because both saphe- 
nous vein bypasses were occluded; in each patient 
abnormal pacing ventricular function curves were 
noted before and after operation. In the patients 
with patent bypass vessels, the pacing ventricular 
function curve became normal in 2 who had definite 
abnormalities before operation. In 1, function was 
normal before and after operation; however, func- 
tional abnormalities persisted in the other 4 pa- 
tients. 

In this limited series, atrial pacing proved helpful 
in the postoperative evaluation. The reproducibility of 
the technique was demonstrated. Although good ini- 
tial clinical results were obtained (absence of angina 
pectoris or electrocardiographic changes), persistent 
abnormalities in myocardial function.may limit long- 
term prognosis. 

Discussion 

These and other studies have shown that graded 
right atrial pacing may be of value in the study of 
the patient with coronary artery disease?-14,36.37 
through the induction of angina pectoris, ischemic 
changes in the electrocardiogram and various hemo- 
dynamic alterations. The technique is reproducible 
and permits comparison after medical or surgical in- 
tervention. The enhancement of myocardial oxygen 
consumption1516 that results from atrial pacing is 
controlled; it occurs in the absence of systemic meta- 


Volume 30 


bolic changes and may be carried out in clinical sit- 
uations where other forms of stress may be undesir- 
¿able or impossible. Since graded right atrial pacing 
may be performed without patient awareness, a more 
objective evaluation can be obtained in certain pa- 
tients. with atypical chest pain, thus eliminating 
many psychological influences on exercise response. 
Angina pectoris was induced in 58 percent of our 
studies at an average heart rate of 129 + 3 beats/ 
‘min. In patients with exercise-induced angina pecto- 
ris, the rate of pacing-induced chest pain was 70 per- 
cent. These values are similar to those of other pub- 
lished pacing studies!:3.5-10,13,14,17,21-23 and proba- 
bly reflect the fact that atrial pacing stress is not 
usually as severe asthat associated with exer- 
cise.?1.22 However, in some patients the degree of 
stress is limited by the development of Wenchebach- 
type second degree A-V block. Consequently, the in- 
crease of myocardial oxygen consumption is still 
within the delivery capabilities of the coronary vas- 
cular bed, and there may be some false negative re- 
sults. Although ischemic electrocardiographic changes 
usually occur in association with pacing-induced 
angina,3-5.7.9,.10,14,22 these changes were also present 
in 31 percent of our patients who did not experience 
chest discomfort. Therefore, the failure to induce an- 
~ gina does not necessarily limit the diagnostic useful- 
i ness of atrial pacing. 


Ventricular Function During Atrial Pacing 


The initial hemodynamic response to atrial pacing 
in patients with coronary disease may be entirely 
<i normal.?-3.7-13.14.21-23 The systemic arterial pressure 
and cardiac output remain unchanged, whereas left 
ventricular end- diastolic pressure and stroke work 
= decrease as heart rate is increased. Subsequently, 
usually before the onset of chest pain, the left ven- 
tricular end-diastolic. pressure may begin to in- 
‘crease."-14 In some patients, the increase in left ven- 
tricular end-diastolic pressure is associated with an 
< increase in arterial pressure and cardiac output, this 
association suggests an enhancement of sympathetic 
nervous system activity. On the other hand, in a few 
patients, a significant decrease in cardiac output oc- 
curs in association with the elevation of the left ven- 
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POST PACING LVEDP 
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FIGURE 1. Postpacing left ventricular end-diastolic pressure 
(LVEDP). Each symbol represents the difference between a pa- 
tient’s control left ventricular end-diastolic pressure and the left 
ventricular end-diastolic pressure in the first beat and in an av- 
erage of 10 beats after interruption of pacing. CAD = coronary 
artery disease. 


tricular end- diastolik pressure level, thereby indicat- 
ing the onset of myocardial failure. 14 The left ven- 
tricular end-diastolic pressure may also begin to in- 
crease immediately with atrial pacing and may never 
show a significant: decrease. Patients with increases 
in left ventricular-end diastolic pressure are more 
likely to have abnormal myocardial performances. 

As noted in this study, the overall response of a 
group of patients with coronary artery disease shows 
no change in left ventricular end-diastolic pressure - 
as stroke work declines during pacing. One cannot 
predict individual change in left ventricular end- 


; E \ 40-200: / 





if 


“C. Post Pacing 
Hemodynamic and electrocardiographic changes during atrial pacing in a patient with severe coronary artery disease. 











Femoral arterial (FA) pressure is shown on the 0-200 mm Hg scale, and left ventricular pressure (LV) is shown on the 0-40 mm Hg 
scale. Note the S-T segment depression and increase in femoral arterial and left ventricular end-diastolic pressure during (B) and after 
(C) atrial pacing. Large arrow in B indicates pacing stimulus 
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A. Control 
FIGURE 3. 








B. Pacing Pt AK 


Control (A) and pacing (B) hemodynamic data in a patient with poor myocardial function. During atrial pacing, prominent 


pulsus alternans develops despite a fall in left ventricular end-diastolic pressure. FA = femoral arterial pressure (0-200 mm Hg scale); 
LV = left ventricular pressure (0-100 mm Hg scale); S = pacing stimulus. 


diastolic pressure because hemodynamic values may 
be normal even in some patients with angina pecto- 
ris. However, patients with more severe arterial dis- 
ease, who are more likely to have angina induced by 
pacing, usually manifest increased left ventricular 
end-diastolic pressure at that time. 

Figure 2 illustrates an ordinary response to atrial 
pacing in a patient with 3-vessel coronary artery dis- 
ease. The control left ventricular end-diastolic pres- 
sure (Fig. 2A) was 13 mm Hg. During pacing (Fig. 
2B), the left ventricular end-diastolic pressure and 
femoral arterial pressure increased, and S-T segment 
depression became apparent when angina was in- 
duced at a heart rate of 130 beats/min. These 
changes became more pronounced when pacing was 
discontinued (Fig. 2C). Pulsus alternans is frequent- 
ly seen during pacing stress in patients with poor 
myocardial function (Fig. 3). Prominent pulsus al- 
ternans developed during pacing at a rate of 120 
beats/min although left ventricular end-diastolic 
pressure decreased normally. The ventricular func- 
tion curve, as discussed below, was abnormal, as in 
all patients experiencing this hemodynamic abnor- 
mality. 
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Since atrial pacing induces changes in left ventric- 
ular end-diastolic pressure and stroke work, it has 
been used to construct ventricular function curves 
that are termed (since they are more linear than the 
classic studies) pacing ventricular function curves.?324 
Since pacing stress is generally less intense than 
exercise stress, the pacing ventricular function 
curve may not always be capable of disclosing 
milder degrees of ventricular dysfunction.?!:?? In 
our studies, the pacing ventricular function curves 
were abnormal in 22 of 25 patients (88 percent) dur- 
ing angina pectoris, as expected, but they were also 
abnormal in 27 of 45 instances (60 percent) in which 
chest discomfort was absent. This demonstrates the 
ahility of atrial pacing as performed in this laborato- 
ry to disclose abnormal myocardial function in the 
absence of overt ischemia. Although other studies 
have disclosed a higher incidence of abnormality by 
means of exercise testing,?1:22 during angina, this is 
usually, although not always, a state in which pacing 
is also apparently sensitive. Since other methods of 
stress, such as angiotension infusion, *? have also dis- 
closed some normal myocardial responses in the ab- 
sence of angina pectoris, probably the pacing ven- 
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TTO, Pacing 


Postoperative pacing study in a patient with a patent aortocoronary bypass graft. In spite of clinical improvement, the left 
ventricular end-diastolic pressure increased during atrial pacing (B), pulsus alternans was induced and the pacing ventricular function 
curve was abnormal. Abbreviations as in Figure 2. 
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tricular function curve is only insensitive in some pa- 
tients with mild functional abnormalities. Although 
it cannot be documented at present, the nonischemic 
functional status of the ventricle may have greater 
importance in prognosis than during ischemia. 

Using the pacing ventricular function curve, we 
were unable to correlate the extent of coronary ar- 
tery disease, determined angiographically, with the 
functional capacity of the left ventricle. The same 
proportion of patients with 1-, 2- or 3-vessel disease 
had myocardial impairment. However, when a pa- 
tient with coronary artery disease has cardiac en- 
largement, increased left ventricular end-diastolic 
pressure and a generalized decrease in contractility 
angiographically, his pacing ventricular function 
curve is invariably abnormal. In general, an entirely 
normal angiogram indicates normal myocardial func- 
tion in the absence of angina pectoris. Atrial pacing 
stress in functional evaluation is advantageous main- 
ly in patients with localized contraction abnormali- 
ties. Although localized disorders of myocardial con- 
traction, even with a normal-sized heart, may lead to 
heart failure,33 the overall status of the cardiac re- 
serve will depend upon the performance of the re- 
maining normal myocardium. 38 Twelve of our 22 pa- 
tients with localized abnormalities had normal pac- 
ing ventricular function curves in the absence of an- 
gina pectoris, a finding that indicates satisfactory re- 
serve in the face of the stress presented by atrial 
pacing. Although there was no relation between the 
extent of arterial disease and myocardial function, 
patients with the greatest degree of arterial disease 
were nevertheless more susceptible to pacing-in- 
duced angina. Pain will occur whenever an imbal- 
ance between oxygen supply and demand is pro- 
voked. This may occur in localized sites in patients 
with 1-vessel disease (2 patients in study) but not in 
those with 3-vessel involvement (4 patients). As a 
consequence, although there may be a trend in a 
large series of patients, the susceptibility of the indi- 
vidual patient to induced angina cannot always be 
predicted, 

The left ventricular end-diastolic pressure after 
pacing was significantly increased in patients with 
coronary artery disease when compared with values 
in the normal group, This overshoot in left ventricu- 
lar end-diastolic pressure (increase of 6 mm Hg or 
more above control values) has been noted in cther 
studies*-® and, when compared with the pacing ven- 
tricular function curve, it invariably indicates abnor- 
malities in myocardial function. Fifteen of our 26 pa- 
tients having this correlation had abnormal myocar- 
dial performance despite the lack of overshoot; thus, 
an abnormal postpacing response was significant 
when present, but its absence had no relation to the 
underlying performance of the heart. Many factors 
other than left ventricular failure apparently influ- 
ence the left ventricular end-diastolic pressure.?° As 
shown by Bristow et al.4° and Dwyer, *! left ventricu- 
lar myocardial compliance may decrease in patients 
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with coronary artery disease, and may decrease fur- 
ther as a result of ischemia. Some increases in left 
ventricular end-diastolic pressure during pacing with 
or without angina pectoris may reflect changes in left 
ventricular compliance, although the marked con- 
comitant decrease in myocardial function usually 
dominates the hemodynamic findings. 


Preinfarction Angina 


Atrial pacing was also performed safely in patients 
with “preinfarction” angina. Recent experience has 
shown that cardiac catheterization?’ #2 and, subse- 
quently, aortocoronary artery bypass surgery are fea- 
sible in these patients.42-45 Since exercise is con- 
traindicated, atrial pacing provides a method of esti- 
mating myocardial performance for assessing surgi- 
cal risk*® and for postoperative comparison. The 
hemodynamic changes in these patients were similar 
to those occurring in patients with chronic angina 
pectoris (Table I), and 4 of 8 patients had normal 
pacing ventricular function curves in the absence of 
angina, thereby indicating satisfactory cardiac re- 
serve. 


Postoperative Studies 


Hemodynamic, exercise and angiographic studies 
have disclosed significant postoperative improve- 
ment in some patients undergoing direct coronary 
artery surgery.47-48 However, in our postsurgical pac- 
ing studies (Table I), there were no significant hemo- 
dynamic differences between this group and those 
with stable angina except for the ability to pace to a 
higher maximal heart rate. On the other hand, angi- 
na was induced by pacing in 7 of 9 patients before 
operation and in only 3 of 9 after operation. Similar- 
ly, ischemic electrocardiographic changes were in- 
duced in 5 before and in only 2 patients after opera- 
tion. Although good initial clinical results (that is, 
absence of angina and electrocardiographic changes) 
were noted, functional abnormalities of the myocar- 
dium tended to persist even when patent bypass 
grafts were demonstrated. Figure 4 gives data in a pa- 
tient who had a patent bypass graft to a dominant 
right coronary artery that was 90 percent occluded. 
He also had disease of the left coronary artery, but 
surgical treatment was not technically feasible in 
this area. Despite clinical improvement (no angina), 
posteperative pacing studies (Fig. 4B) disclosed pul- 
sus alternans and an increase in left ventricular end- 
diastolic pressure, as well as an abnormal pacing 
ventricular function curve that was essentially un- 
changed by the surgical procedure. This is not an 
unusual finding in our laboratory, where postopera- 
tive studies frequently disclose relief of pain with lit- 
tle or no improvement in myocardial function (un- 
published observations). This probably reflects the 
myocardial necrosis and fibrosis of long-standing cor- 
onary artery disease, which is not amenable to relief 
by saphenous vein bypass surgery alone. 
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One hundred eighty-one patients with angiographically dociinénted: 
coronary artery disease were investigated. Thirty-nine patients (21.5 _ 
percent) were found to have demonstrable intercoronary collateral — 
vessels. Collateral vessels were seen only when occlusion of the lu- 
minal diameter of at least 1 vessel exceeded 75 percent. There was. 
an increasing incidence of collateral vessels as the extent of coronary” 
artery disease increased from 1- to 4-vessel involvement. Collateral 
vessels afforded no protection against. myocardial ischemia as mea- i 
sured by treadmill stress test when the study group was compared 
with patients without collateral vessels whose disease was equally 
severe and at least as extensive. 


Since recognition of coronary arterial collateral circulation in living 
patients has been made possible by coronary arteriography, contro- 
versy has existed about the functional importance of these vessels 
and their ability to protect the myocardium against ischemia.1-§ The 
submaximal treadmill stress test is widely accepted as a means of as- 
sessing myocardial ischemia, and some studies have attempted to 
gauge the protective effect of collateral vasculature by correlation 
with treadmill performance.>-6 The purpose of this report is 2-fold: 
(1) to describe the angiographic concomitants associated with the 
appearance of detectable collateral vessels in a study of 200 patients 
undergoing coronary arteriography for evaluation of anginal pain and 
(2) to compare the results of treadmill stress testing in patients hav- 
ing a collateral blood supply with results in an appropriately selected 
control group without visible collateral flow. 


Materials and Methods 


Patients were selected for study on the basis of having undergone coro- 
nary arteriography and treadmill stress testing for the evaluation of anginal 
pain. These procedures were performed during the same hospitalization in 
close temporal sequence. 

Coronary arteriography was performed by either the Judkins or the Sones 
method. Arteriograms were reviewed independently by 2 of us, and only 
those of a technical quality high enough to permit adequate visualization of 
the entire coronary tree in the opinion of both reviewers were retained in 
the study. Filming of the left coronary system in at least 2 views (usually 
right anterior oblique and left anterior oblique) was required. The right coro- 
nary artery was almost always examined from these 2 angles also, but an 
occasienal case was included in which this vessel was seen in only 1 projec- 
tion and was either widely patent or obviously narrowed. Each observer 
graded the 4 major coronary arteries (right, left main, left anterior descend- 
ing and circumflex) for maximal narrowing in terms of 4 quartiles: I, 0 to 25 
percent occlusion; H, 26 to 50 percent occlusion; III, 51 to 75 percent. occlu- 
sion; IV, 76 to 100 percent occlusion. 

The presence of intercoronary collateral vessels and their location was 
also noted. These channels were recognized by retrograde filling of 1 major 
vessel after injection of contrast material into the contralateral coronary os- 
tium or another major vessel. When the grading of both observers fell with- 
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TABLE | 


Distribution of Patients with Collateral Vessels in Relation to 
Maximal Severity of Obstruction (Quartile Score) in Any of 
the 4 Coronary. Vessels 


Number of Patients 
with Collateral Vessels 





Maximal Quartile 
of Any Vessel 





2 (26-50%) 0 
3 (61-75%) 0 
4 (76-100%) 39 





TABLE Ill 


Relation Between Coronary Vessels Supplying and 
Receiving Collateral Vessels 











Recipient Vessel 
Donor Vessel RCA LAD Circ Total 
RCA Sass 14 9 23 
LAD 8 i 1 9 
Circ 13 1 ES 14 
Total 21 15 10 46 





Circ = circumflex coronary artery; LAD = left anterior de- 
scending coronary artery; RCA = right coronary artery. 


in the same quartile, this was recorded as the amount of 
obstruction; when the observers disagreed, a joint viewing 
was arranged and a consensus reached. 

Treadmill stress testing was performed as previously 
described from this laboratory.” A. test was considered 
positive if the J junction became depressed at least 1 mm 
below the control level and was accompanied by a flatten- 
ing or downward sloping of the S-T segment which per- 
sisted in that direction for 0.08 second or more. A test was 
considered negative if a patient attained at least 90 per- 
cent of his predicted maximal heart rate and these 
changes did not occur. If a patient was forced to stop ex- 
ercising because of fatigue, dyspnea or angina before the 
attainment of ischemic electrocardiographic changes or 90 
percent of the predicted maximal heart rate, the test was 
considered negative and the percentage of predicted maxi- 
mal rate achieved as well as the reason for stopping was 
recorded. Patients with electrocardiographic evidence of 
left ventricular hypertrophy or angiographic evidence of 
severe rheumatic valvular disease were excluded from the 
study. Those with severe mitral regurgitation judged to be 
secondary to atherosclerotic heart disease were retained. 
Exercise tests of patients taking digitalis preparations, 
quinidine or beta adrenergic blocking drugs were excluded 
from consideration. All treadmill test results were inter- 
preted independently by 2 of us. When the evaluations 
coincided (as happened in all but.5 of the 200 cases), this 
decision was recorded; when the interpretations differed, 
another of us reviewed the record and this third reading 
was accepted as final. 

Patients with normal arteriograms and negative tread- 
mill stress tests were considered to have no objective evi- 
dence of coronary artery disease and were excluded from 
the study; only those with either demonstrable coronary 
lesions (classed in the second or higher quartile) or a posi- 
tive stress test were retained. A total of 200 patients met 
all the cited criteria. 
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TABLE Il 


Frequency of Collateral Vessels in Relation to Extent of 
Vessel Involvement 














Vessels f Patients with Collateral Vessels 
Involved Patients je 
(no.) (no.) no, A 
1 69 4 5.8 
2 47 Il 23.4 
3 59 20 33.9 
4 6 4 66.6 
Results 


Nineteen of the 200 patients (9.5 percent) had pos- 
itive submaximal treadmill stress tests and coronary 
angiograms that showed no more than first quartile 
disease. These patients were regarded as having 
“false positive” treadmill tests. The remaining 181 
patients had angiograms revealing obstructive coro- 
nary disease of at least second quartile magnitude in 
at least 1 coronary artery. Thirty-nine of these 181 
patients (21.5 percent) had visible intercoronary col- 
lateral channels. Thirty-three patients had 1 collat- 
eral vessel, and 5 patients had 2 and 1 patient had 3 
collateral vessels. Table I shows the distribution of 
collateral vessels in terms of the maximal severity of 
obstruction (quartile score) of any of the 4 vessels in 
each of the 39 patients. Ta . l 

The relation between the presence of collateral. 
vessels and the extent of involvement (that is, 1-, 2-, 
3. or 4-vessel disease) is shown in Table II. Table IN 
shows the source of the collateral channel and the 
vessel supplied by the anastomotic flow in each case. 
Table IV shows the results of treadmill stress test 
performance in the 39 patients with collateral ves- 
sels. Table V shows the results of treadmill perfor- 
mance in the remaining 89 patients with fourth 
quartile disease in at least 1 vessel and without de- 
monstrable collateral circulation. 

In an effort to demarcate a group whose disease 
was at least comparable in extent and severity to 
that of the population with collateral vessels, the 34 
patients were identified who were without demon- 
strable collateral vessels but who had fourth quartile 
disease in at least 1 vessel and some involvement 
(second quartile or more) of 3 or 4 vessels in the 
atherosclerotic process. Table VI shows the results of 
treadmill stress test performance in this group. 


Discussion 


Several conclusions can be drawn from our data: 

1. Collateral vessels are not seen until obstruction 
in at least 1 coronary vessel exceeds 75 percent of the 
luminal diameter (that is, fourth quartile disease). No 
patient whose maximal disease fell into the second or 
third quartile exhibited collateral flow. 

2. Although collateral vessels were visualized in 
patients whose disease was limited to 1 or 2 vessels, 
the presence of these vessels was correlated with in- 
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TABLE IV 


' . Treadmill Performance in Patients with Collateral Vessels 





Treadmill Test Results Patients (nc. 





Positive 33 

Negative 4 

Negative 2 
but <90% PMHR 


Total 39* 





* Therefore 37 patients attained morethan 90 percent of pre- 
dicted maximal heart rate, and 89.2 percent of these tests were 
positive. ee 

PMHR = predicted maximal heart rate. 





volvement, and the ma- 
ents with collateral flow 














1 3- or 4 ase. Both of these findings are 
reem ; observations ‘of Gensini and 

3. The rig artery appears to supply 
and receive col annels most frequently; the 
left anterior. artery is the second ‘most 


common recipient but the least frequent donor. The 
distribution of collateral donor vessels represents 
f fferences significant at the P = 0.04 
stribution 
ic ignificant (P = 0.14). . X 
ls offer no protection against the 
elop mic S~T segment response to 
adm t last: conclusion appears 
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; n (89.2 percent. posi- 
vessels versus 70 per- 









lateral 


also holds up when a comparison is made with pa- 
tients with fourth quartile obstruction whose disease 
involved at least 3 or 4 vessels (89.2 percent positive 
for those with collateral vessels versus 84.8 percent 
positive for those without collateral vessels). Since 
this last group is restricted to patients whose disease 
is somewhat more extensive than that of the group 
with collateral vessels (that is, some patients with 


collateral vessels had only 1- or 2-vessel disease) 
yet the severity was identical in the 2 groups- 
(all fourth quartile), one would expect the patients 


with collateral vessels to have a slightly smaller per- 
centage of positive treadmill stress tests on the basis 
of less widespread obstruction alone, without invok- 
ing any “protective” element. The findings that this 
was not the case and that the percentage of positive 
treadmill tests was virtually identical in the 2 groups 
provide even more convincing evidence that collater- 
al channels do not prevent development of myocar- 
dial ischemia on exercise, at least insofar as this is 
reflected by S-T depression after treadmill stress 
testing. 

Comparison of results with those from previous- 
ly reported studies: Most et al.5 have reported 
some correlates of collateral vessel formation in a 


of collateral recipient vessels" 


isease of the. 


r those without collateral vessels). It | 
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TABLE V 


Treadmill Performance in All Patients With Fourth Quartile 
Obstructive Disease Without Collateral Vessels 








Patients 





Treadmill Test Results 
Positive 56 
Negative 24 
Negative 9 
but <90% PMHR 
Total gor 


*Therefore 80 patients attained more than 90 percent of pre- 
dicted heart rate, and 70 percent of these tests were positive. 





TABLE VI 
Treadmill Performance in All Patients With Fourth Quartile 
Obstructive Disease Without Collateral Vessels Who Had at 
Least 3- or 4-Vessel Disease 








Treadmill Test Results no. 
“Positive 0 28 
Negative pos 5 
Negative = 0 o 1 
but <90% PMHR © 
Total ae 34* 





* Therefore 33 patients attained more than 90 percent of pre- 
dicted heart rate, and 84 percent of these tests were positive. 









s were seen in 46 percent 
ease, 57 percent of those 
4 percent of those with 3- 
ll of their 14 patients with 
major arteries had collateral 


vessel disease. Moreov: 
occlusion of 2 or more 


vessels. Sixty-three percent of their patients with 
collateral vessels (14 of 22) had > 1 mm of ischemic 


S-T depression on postexercise electrocardiogram as 
opposed to 50 percent (11 of 22) of their patients 
without collateral nels, Although these 2 last 
groups are not strictly comparable, in that those 


with collateral vessels apparently represent the pa- 


tients with the most severe and extensive disease, 


the authors conclude that collateral vessels “did not 


prevent the appearance of ischemic electrocardio- 
graphic response to exercise.” 

Our data suggest a far lower frequency of collateral 
vessels in the total population with coronary arterial 
lesions (21.5 percent). This difference is primarily a 
reflection of our decision to restrict the definition of 
collateral vessels to intercoronary anastomoses that 
can be. shown to fill 1 major vessel in retrograde 
fashion after injection of contrast material into an- 
other major channel. We have thus specifically ex- 
cluded “bridging” vessels and the inferential identi- 
fication of collateral vessels used by others* in an ef- 
fort to render our findings more specific and repro- 
ducible. Nevertheless, our report does support the 
general concept of increasing collateralization with 
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increasing extent and severity of disease. In our eval- 
uation we have attempted to contrast the postexer- 
cise results of patients with collateral vessels with 
those of a group more comparable in terms of num- 
ber of vessels involved and maximal magnitude of 
obstruction. Despite this effort to show collateral 
vessels in their best possible light, our conclusions do 
not differ in substance from those of Most et al.,° and 
we would agree with the statement of theirs cited 
earlier. : 

Miller et al.® recently evaluated 104 patients with 
severe coronary artery disease. They noted a total in- 


cidence of collateral vessels which far exceeded ours. 
(67 percent), probably for the reasons given earlier. 


However, they also reported a rising incidence of col- 
lateral vessels with increasing number of vessels in- 
volved by atherosclerotic lesions (42 percent of pa- 
tients with 1-vessel disease, 54 percent of those with 
2-vessel disease and 81 percent of those with 3-vessel 
disease). These authors. compared 2 groups of pa- 
tients, all of whom had some collateral vessels and 
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were matched with regard to numerous factors, dif- 
fering only in the presence or absence of collateral 
flow to the left anterior descending artery. They 
found no significant differences in various physiolog- 
ic indexes or incidence of a positive Master exercise 
test (84 percent in the group without collateral ves- 
sels; 69 percent in the group with collateral vascu- 
lature). Our data, although differing in absolute 
numbers from these findings, are in accord with the 
stated conclusions. |. 

Our findings support the notion that the presence 
of intercoronary collateral vessels can be regarded as 


-the hallmark of a severe and extensive atherosclerot- 


ic process. No “protective” function in terms of 


‘guarding the myocardium against exercise-induced 


ischemia can be demonstrated by submaximal tread- 
mill stress testing. ee 
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During. cardiac transplantation the posterior and lateral portions. of 
the recipient’s right and left atria and a posterior rim of interatrial. 
septum are left intact. Persistent electrophysiologic activity of these 
residual recipient atrial remnants has been manifest as P waves dis- 
sociated from the donor heart. rhythm and recorded in both standard 
and intracardiac electrocardiograms. Physiologically appropriate 
changes in recipient atrial rate have occurred in response to the re- 
spiratory cycle, donor heart systole, atropine, tyramine, amyl nitrite, 
carotid sinus pressure, the Valsalva maneuver and exercise. In sev- 
eral patients synchronization of the recipient atrial rate with the 
donor heart rate has been observed during exercise when these 


rates approached a similar level, Fibrillation and flutter of the recipi- n 
ent atria, independent ofthe donor heart rhythm, have been ob- 


served in 3 recipients. ; 

In 4 patients studied by cardiac cathet 
tively mechanical effects of recipien 
ed in both right- and left-sided: pre 
left atrial contraction occurring simult ni 
tole increased left ventricular end-diastolic pressure by 2 to 4 mm 
Hg and produced significantly greater peak left ventricular and arte- 
rial systolic pressures as well as augmented left ventricular ejection 
times. In several patients, especially during episodes of threatened 
graft rejection, diastolic heart sounds related to recipient atrial con- 
traction were noted clinically and recorded on phonocardiograms. 
Such recipient atrial gallop sounds simulated both atrial and ventric- 
ular gallop sounds of donor heart origin, and occurred in addition to 
both to produce hybrid diastolic gallop rhythms. The physiologic 
mechanisms and implications: of feelplent atrial behavior are dis- 
cussed. 













rization 1 year postopera- 
contractions were detect- 
"measurements. Recipient 
ously with donor atrial sys- 


During the clinical cardiac transplantation the posterior and lateral 
portions of the recipient atria (excluding appendages) and posterior 
rim of interatrial septum are left in situ and serve to anchor the donor 
heart.! That part of the recipient atrium generally considered to con- 
tain the sinoatrial node (that is, the anterior and anterolateral por- 
tion of the superior caval-right atrial junction) remains undisturbed, 
since the line of incision passes 1 cm or more anterior to this area, 
across the cephalad surface of the base of the right atrial appendage. 
Sympathetic and parasympathetic neural connections that enter 
these remnants of recipient atria directly from the cardiac plexus? 
are left intact. Although in occasional cases removal of the coronary 
blood supply to the residual atrial tissue may lead to ischemic necro- 
sis, in most patients viability is maintained by bronchial collateral 
vessels penetrating the atria posteriorly in the areas of pericardial re- 
flection.* Indeed, this anatomic point is well illustrated by the usual 
observation of vigorous bleeding from the transected atrial walls after 
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FIGURE 1. Case 4. Intraatrial electrocardiogram recorded 1 
year after cardiac transplantation. Recipient atrial P waves are 
large biphasic complexes. 











FIGURE 2. Atrial flutter of the recipient atrium with regular 
sinus rhythm of the donor heart. The donor P-R interval is 0.18 
second. 


removal of the recipient’s ventricles and coronary 
arterial system during cardiopulmonary bypass. 

Persistent electrical activity of the recipient atria 
after transplantation was described by Dong et al.5 
in 1964 and is commonly recognized in standard 
electrocardiograms by the presence of 2 sets of P 
waves (donor and recipient) which are dissociated. 
Additional electrophysiologic, hemodynamic, phono- 
cardiographic and clinical aspects of recipient atrial 
activity observed in patients after cardiac transplan- 
tation are the subject of this report. 


Methods 


The surgical techniques, immunosuppressive manage- 
ment and early results of clinical cardiac transplantation 
at this Center have been previously described.1:6® The 
data in this report are based on observations made in 11 
cases (Cases 4, 7, 9, 10, 12 to 15, 17, 19 and 20)* with 


*Case numbers refer to numbers held in current Stanford 
University cardiac transplantation series. 
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FIGURE 3. Representative effects of atropine (bottom), tyra- 


mine (middle), and amyl nitrite (top) on recipient atrial and 
donor heart rates. In this and subsequent figures HR = donor 
heart rate; PAO = central aortic blood pressure (mean); PPR = 
recipient atrial rate. Each symbol represents a single cycle. C.S. 
= Case 7; R.M. = Case 4; S.G. = Case 10. 


postoperative survival currently extending up to 34 
months. 

Postoperatively, phonocardiograms were recorded with a 
Sanborn 4 channel phonocardiograph (model 760) at a fre- 
quency cut-off rate of 50 cycles /second. In Cases 4, 7, 10 
and 13 cardiac catheterization was performed 1 year post- 
operatively. Right atrial intracardiac electrocardiograms 
(for recording recipient atrial electrical activity) were re- 
corded with a bipolar transvenous electrode. Brachial ar- 
terial (indwelling needle) and left ventricular (RPX 
catheter, inner diameter 0.043 inch) pressures and electro- 
cardiograms were recorded on magnetic tape, and pres- 
sures were calculated off-line with an IBM 360/50 com- 
puter. Left ventricular ejection times were measured from 
1 minute computer-averaged brachial arterial pressure 
wave forms. 

During cardiac catheterization tyramine, 0.03 mg/kg, 
was given intravenously to 1 patient, and atropine, 1.0 
mg, was administered intravenously to 5 patients. Supine 
exercise was performed on a bicycle ergometer at prede- 
termined workloads (25 to 50 watts) for 10 minutes. 
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Results 
Electrophysiologic Observations 


Rest: Two sets of P waves can usually be easily 
discerned in standard electrocardiograms after trans- 
plantation. One, arising from the donor heart, func- 
tions as ventricular pacemaker and is related nor- 
mally to donor QRS complexes. The other, repre- 
senting recipient atrial activity, is dissociated. Re- 
cipient atrial rates at rest have ranged from 45 to 
95/min (average 82/min). Figure 1 shows an intra- 
atrial electrocardiogram illustrating recipient atrial P 
waves 1 year after transplantation in Case 4. 

- In most patients respiratory variation in the recip- 

ient atrial rate was present, and in 1 patient proba- 
ble ventriculophasic recipient atrial arrhythmia was 
apparent during a transient period of slowing of the 
donor heart sufficient to allow interposition of recipi- 
ent P-P intervals between donor R waves. 

In 3 patients transient atrial flutter or fibrillation, 
or both, of the recipient atrium occurred during epi- 
sodes of threatened graft rejection while the donor 
atrium remained in sinus rhythm (Fig. 2). No other 
instances of recipient atrial arrhythmias after trans- 

plantation were recognized. Such recipient atrial ar- 
_rhythmias occurred less frequently than donor atrial 
arrhythmias during threatened rejection.? 
~ In no case was direct impulse conduction across 
the recipient-donor atrial suture line seen, thus con- 
-> firming previous observations in the canine cardiac 
autograft.5 
Response to drugs and carotid sinus pressure: 
In 5 patients atropine caused an acceleration of the re- 
cipient atrial rates from an average of 78 to 99 beats / 
min, unaccompanied by any change in the donor 
heart rates (Fig. 3). Carotid sinus pressure in 4 pa- 
tients was associated with the converse effect, slow- 
-ing recipient atrial rates from an average of 72 to 58 


Hor 


beats/min; donor heart rates remained unchanged. 
The administration of tyramine produced an initial 
depression of the recipient rate during the phase of _ 
increasing arterial pressure, followed by a more pro- > 
longed period of relative tachycardia (despite persis- 
tent elevation of the level of arterial pressure) with- 
out accompanying changes in the donor heart rate 
(Fig. 3). In 3 patients amyl nitrite inhalation pro- 
duced an average reduction in mean arterial pressure 


of 32 mm Hg with an immediate increase in the av- 


erage recipient atrial rate from 64 to 83 beats/min 
but only a slight and delayed increase in the average 
donor heart rate (Fig. 3). 

Valsalva maneuver: The response of the recipi- 7 
ent atrial rate to a 30 second strain period in Case 10. 
is shown in Figure 4. In all 6 patients studied by the 
Valsalva maneuver changes in the recipient rate dúr- 
ing the strain period were prompt and appropriate to 
the associated changes in arterial pressure. Upon res = 
lease of the strain only 1 patient (Case 13) demon- 


strated a significant arterial pressure overshoot, and. __ 


bradycardia of the recipient atrium occurring after 
strain was observed only in this patient, Donor heart 
rates during the Valsalva maneuver showed either no 


change (Fig. 4) or slight and gradual increases late ino a 
the strain period, with the greatest increase occur- . 


ring after release of the strain. 


Response to exercise: Distinct differences in the 


responses of recipient and donor rates to muscular 
exercise were observed (Fig. 5). With the initiation of 
exercise, recipient rates accelerated rapidly and- 
reached near maximal levels within 2 to 3 minutes. 
After the cessation of exercise, recipient rates rapidly 
returned toward control levels. In contrast, donor 
rates accelerated gradually and did not attain maxi- 
mal levels until near the end of the 10 minute period 
of steady exercise. Deceleration after exercise was 
likewise gradual. 


VALSALVA 





BEATS/MIN 





FIGURE 4. Case 10. Effects of the Valsaiva | 
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maneuver on recipient atrial and donor heart 0 
rates. Acrtic blood pressure (PAO} is plotted as 
mean pressure. 
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FIGURE 5. Recipient atrial (no. = 6} and donor heart (no. = 8) 
rates during a standard 10 minute period of steady exercise 1 
year postoperatively. Vertical bars indicate + SEM. 


In 5 patients temporary synchronization of recipi- 
ent and donor heart (atrial) rates occurred during 
exercise. This relation developed as the recipient and 
donor rates approached a similar frequency. In all 
cases the synchronized recipient P waves remained 
within the neighborhood of the donor S-T segment 
and T waves (Fig. 6). In Case 7 synchronization of 
the recipient atrial rate was present continuously for 
approximately 3% minutes during the mid-portion of 
exercise (Fig. 6 and 7); during this time the donor 
QRS to recipient P wave interval (Rp-Pr) was 
standardized at 210 to 240 msec (Pr-Rp interval ap- 
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Men RE SEH ail ill dota 

1 YEAR POST-OP (intra-atrial ECG) 
FIGURE 6. Case 7. Representative sections of the intraatrial 
electrocardiogram during exercise. Synchronization of the re- 
cipient P wave (negative deflection) with the ST--T portion of the 
donor complexes is seen during the 6th to 9th minutes of exer- 
cise. Apparent modulation of individual recipient P-P intervals 
occurred during the 7th minute. 





a cece n, 


8-9 MIN 9-10 MIN POST EXERCISE 


FIGURE 7. Case 7. Relation between recipient and donor heart rates at rest and during exercise. At 8 to 9 minutes of exercise synchroni- 
zation of these rates was present, indicated by standardization of the recipient P to donor R wave interval (P-R interval). PTAG and RTAG 
indicate electronic tags of the recipient P and donor R waves, respectively. 
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FIGURE 8. Case 4. Effects of recipient atrial 
contractions on the right atrial pressure wave- 
form (RA). Recipient atrial P waves are marked 
by arrows. ECGi; = lead Il; ECGra = right 
atrial lead. 


proximately 280 to 300 msec). Before and after this 
period Rp-Pr intervals showed a wide distribution 
with cyclic fluctuation as the recipient P waves 
“marched through” the donor complexes at a 
dissimilar rate (Fig. 7). 


Hemodynamic Observations 


In all 4 patients studied at cardiac catheterization 
the mechanical effects of recipient atrial contractions 
were detected in both right- and left-sided pressure 
measurements. Figure 8 illustrates pressures record- 
ed from the combined donor-recipient right atrial 
chamber in Case 4. Distortions produced by disso- 
ciated contractions of the recipient right atrium are 
apparent. Simultaneous recipient and donor atrial 
contractions augmented right atrial A waves by 1.5 
to 2 mm Hg; recipient right atrial contractions dur- 
ing donor ventricular systole accentuated the V 
waves by 2.5 to 3mm Hg. 

The effects of recipient left atrial contraction on 
left ventricular diastolic pressures are shown in Fig- 
ure 9. At rest, augmentation of donor left ventricular 
end-diastolic pressure by 2 to 4 mm Hg was pro- 
duced by appropriately timed recipient atrial systole. 
With exercise this effect became more prominent, 
and the left ventricular end-diastolic pressure was 
increased by 7 to 8 mm Hg. Similar findings were 
present in all 4 patients. Significantly greater (P 
<0.01) peak developed ventricular pressures were 
observed in those beats following simultaneous recip- 
ient and donor atrial contractions, thus suggesting 
effective recipient atrial transport. Similarly, arterial 
systolic pressures were increased (P <0.05) with such 
beats, and left ventricular ejection times were pro- 
longed (P <0.05) by 0.008 to 0.021 second (average 
0.014 second, 5.6 percent) in these 4 patients. 


Clinical and Phonocardiographic Observations 


Auscultatory findings related to recipient atrial 
contractions have included irregular variation in in- 
tensity of the first heart sound, similar to that ob- 
served in complete heart block. However, a more 
commonly recognized finding has been a soft low- 
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FIGURE 9. Case 4. Effects of recipient atrial contractions on 
left ventricular diastolic pressure. Augmented end-diastolic pres- 


sure produced by simultaneous recipient and donor atrial con- 
tractions is shown at right. 


pitched diastolic sound heard at the apex, or be- 
tween the xiphoid and apex (usually increased dur- 
ing inspiration), occurring randomly at any position 
in the diastolic interval (termed a recipient atrial 
gallop or S4r). In our experience this atrial gallop 
sound was audible only during periods of threatened 
graft rejection, or occasionally with intravascular 
congestion not apparently related to rejection. The 
phonocardiogram shown in Figure 10 illustrates an 
audible mid-diastolic S4r occurring 0.19 second after 
the onset of the recipient atrial P wave. Multiple 
phonocardiographic recordings of this additional 
heart sound in several patients have confirmed its 
bedside recognition, and have characterized it as a-2 
to 3 cycle, low frequency, low amplitude sound oc- 
curring 0.14 to 0.19 second after the beginning of the 
recipient P wave. 

The time relation of the S4r to the preceding re- 
cipient P wave has been noted to vary in similar 
fashion to that of atrial sounds occurring in complete 
heart block9; that is, an early diastolic Sap has usu- 
ally been associated with a longer recipient P to Sar 
interval than a late diastolic S4ąr in the same pa- 
tient. 
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FIGURE 10. Case 17, Audible mid-diastolic heart sound (Sag) 
associated with recipient atrial contraction. Recipient atrial P 
waves are marked by X's. 


Occasionally an S4g was apparent only when re- 
cipient atrial contraction occurred during the period 
of rapid ventricular filling, or simultaneously with 
donor atrial systole, but not in the mid-portion of 
diastole. Frequently, the Sap has simulated an atrial 
or ventricular gallop sound of donor heart origin, or 
has occasionally simulated both in separate cardiac 
cycles (Fig. 11). Alternatively, the Sar has been 
noted to summate with either a third or fourth heart 
sound of donor origin, or to occur in addition to ei- 
ther or both to produce a double or triple hybrid 
diastolic gallop rhythm. 


Discussion 


The rate behavior of recipient atria after clinical 
cardiac transplantation follows established concepts 
of reflex heart rate control, and thus demonstrates 
the functional preservation of efferent autonomic in- 
nervation to these structures, The Valsalva maneu- 
ver, muscular exercise and hypotension induced by 
amyl nitrite were all associated with appropriately 
timed acceleration of the recipient atrial rate to lev- 
els within the physiologic range. Vagal blockade with 
atropine likewise caused an increase in recipient at- 
rial rate; carotid sinus pressure had an opposite ef- 
- fect. Evidence for intact sympathetic innervation of 
the recipient atria was provided by the response to 
tyramine; although initial slowing of the rate oc- 
curred as arterial pressure increased (as a result of 
vagal influence), this slowing was followed by a pro- 
longed phase of relative tachycardia despite persist- 
ent elevation of the arterial pressure level. This lat- 
ter rate response is thought to represent the direct 
effect of tyramine in causing local release of catechol- 
amine stores.10.11 

Although the functional integrity of efferent sym- 
pathetic and parasympathetic neural control of the 
recipient atria has been established by these studies, 
no data exist on the function of potential afferent re- 
flexes arising within the recipient atria. The possible 
importance of residual afferent receptor activity after 
cardiac transplantation (for example, in body fluid 
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FIGURE 11. Case 12. Simulation of donor heart ventricular and 
atrial gallop sounds in consecutive cardiac cycles of Sar which 
occurs in variable relation to donor complexes. 


homeostasis) has previously been discussed by 
Lower}2 and William et al.,13 and further studies are 
needed on this subject. 

Absence of autonomic control of donor heart: 
In contrast to the intact autonomic control of the 
recipient atria, the transplanted hearts in these pa- 
tients did not show functional evidence of extrinsic 
efferent innervation. For example, donor heart rates 
increased slowly during exercise, reached maximal 
levels only after several minutes, and declined grad- 
ually after cessation of exercise. These exercise re-. 
sponses resemble those described by Donald and 
Shepherd#4 in cardiac-denervated dogs. The absence 
of donor heart rate response to tyramine is charac- 
teristic of the denervated state with its attendant de- 
pletion of myocardial catecholamine stores. 15 During 
the Valsalva maneuver, which was: associated with 
normal or nearly normal changes in arterial mean 
and pulse pressures, donor heart rate responses were 
slight, delayed in appearance, and directionally op- 
posite to normal in the period after strain (that 
is, donor tachycardia): Arterial hypotension in- 
duced by amyl nitrite caused only a slight and grad- 
ual increase in donor rate. These findings are charac- 
teristic of the denervated heart and illustrate the sig- 
nificant alterations from normal that accompany this 
state. Although the responses of the donor heart rate 
to exercise do demonstrate the ability of the graft to 
respond in a directionally appropriate manner to 
some physiologic stimuli, their magnitude and tim- 
ing suggest the operation of humoral or possibly in- 
trinsic!® factors such as circulating catechol- 
amines.!6-17 Previous studies of canine cardiac allo- 
grafts indicate that efferent reinnervation may occur 
after transplantation,!® and the failure of apparent 
reinnervation in the transplanted human heart, for 
periods up to 34 months postoperatively, at present 
remains unexplained. 

Synchronization of recipient atrial and donor 
heart rates: Persistence of the denervated state in 
the transplanted heart provides the physiologic condi- 
tion for unidirectional neurally mediated interaction 
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of the donor heart with the innervated recipient 
atria. Such an interaction is probably illustrated by 
the occurrence of synchronization of recipient atrial 
_ and donor heart (atrial) rates in several of our pa- 
tients during exercise when these rates approached a 
similar range. This phenomenon was not noted in 
‘any patient at rest, when recipient and donor rates 
were most dissimilar. Although a simple coincidence 
of recipient and donor rates during exercise could 
conceivably explain these findings, this explanation 
seems unlikely in view of (1) the sudden regulariza- 
tion of recipient rate as synchronization developed, 
associated with a significant change in the recipient 
„yate; (2) the constant relation of the recipient P 
wave to the donor QRS complex (within the neigh- 
_ borhood of the donor S-T segment and T wave) dur- 
ing periods of synchronization; and (3) apparent 
modulation of individual recipient P-P intervals as 
_ the P waves tended to wander from a synchronized 
relation (Fig. 6). Ettinger?9 noted the second feature 
_ cited in a patient with atrial synchronization during 
ventricular pacing and, indeed, the relation between 
the denervated transplanted heart and the innervat- 
ed recipient atria is analogous to that observed in 
patients with pacemakers implanted because of com- 
plete heart block. In this latter situation locking of 
the atrial rate to the paced ventricular rate has been 
-. described, 19-20 although in these cases it was limited 
to the resting state, when atrial and ventricular rates 
were similar. Synchronization was not observed 
. under other conditions, such as exercise, when the 
rates became greatly dissimilar. 
- Two of the several proposed mechanisms for syn- 
chronization?! can probably be excluded in our 
cases: (1) variation in sinus node perfusion associ- 
ated with the aortic pulse, ?2 and (2) retrograde atrial 
capture.?3 These would seem unlikely in view of the 
isolation of the recipient sinus node from the coro- 
nary circulation and the absence of conduction 
across the atrial suture lines. 

The recent studies of Reid2+ and Levy and asso- 
ciates?5.26 on the phase-dependent sensitivity of the 
sinus node to vagal stimuli provide an important 
new insight into this subject. Thus, under certain 
conditions, an increase in the frequency of vagal 
stimulation may be associated with an increase, 
rather than decrease, in the rate of sinus node dis- 
charge by virtue of entrainment of the latter rate to 
the frequency of vagal impulses. These consider- 
ations, taken together with the discrete grouping of 
efferent vagal firing associated with phasic barore- 
ceptor activity during the arterial pulse,27.28 tenta- 
tively suggest an integrated explanation for the phe- 


nomenon of synchronization as observed in our pa- 
tients. Bursts of vagal efferent impulses generated by 
the arterial wave form produced by the denor heart, 
if occurring at a rate close to the intrinsic rate of re- 
cipient sinus nodal discharge, could lead to entrain- 


ment of the latter rate and therefore synchroniza- _ 


tion. 
Recipient atrial contraction and audible dia- 
stolic sounds: In addition to persistent electro- 
physiologic activity of the recipient atria after trans- 
plantation, continuing mechanical performance was 
demonstrated by cardiac catheterization studies. 
The magnitude of the pressures generated by both 
right and left recipient atria suggests potentially ef- 
fective transport function despite the grossly’ altered. 
configuration of these chambers after transplanta- 
tion. The increased systolic pressures and left ven- 
tricular ejection times observed after augmentation 
of end-diastolic pressure by simultaneous donor and 
recipient atrial contractions would confirm this ef- 
fect, and also illustrate operation of the Frank-Star- 
ling mechanism in the transplanted heart. 

These observations likewise support the hemody- 


namic basis of the audible diastolic sounds related to . 
recipient atrial contractions. Previous studies corre: 4 
lating heart sounds related to atrial contraction with 


associated pressure events have suggested that these 
audible vibrations represent filling sounds originat- 
ing within the ventricles.29 The characteristics of the 


recipient atrial gallop or Sar (including the recipient — < 


P wave onset to Sar interval) imply a similar mecha- 
nism. 

In these patients an Sar has not been heard except 
under circumstances implying ventricular dysfunc- 
tion (graft rejection), or at least increased ventricu- 
lar filling pressures (intravascular congestion). 
Whether the latter represents merely an unmasking 
of residual myocardial damage from previous rejec- 
tion injury remains to be determined. The clinical 


significance of the Sar is further suggested by the a 
relatively short recipient P to Sar interval (P-G ins © 
terval of Duchosal®°) which did not exceed 0.20 sec- : 


ond in any of the patients in this series. Intervals 
within this range have previously been found to be 
nearly invariably associated with cardiovascular dis- 
ease although not necessarily symptomatic), whereas 
those related to atrial sounds occurring in conduc- 
tion defects without apparent functional impairment 
are longer (0.21 to 0.28 second).® For these reasons 
we prefer at present to describe the Sap as a recipi- 
ent atrial gallop sound and hope that this designa- 
tion does not unduly compound the confusion’? sur- 
rounding terminology of abnormal heart sounds. 
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Vectorcardiograms (Frank system) were recorded simultaneously 
with His bundle electrograms during atrial stimulation in 3 patients _ . 
with intermittent preexcitation Wolff-Parkinson-White (WPW) syn” 
drome. In 2 cases with classic WPW, type A, loops were obtained 
during (1) exclusive conduction through the normal pathway, (2). 
coexisting accessory bundle and normal pathway conduction, and. 
(3) exclusive accessory pathway conduction. Combination ‘beats (re- 
sulting from ventricular depolarization through both pathways) > 
showed an initial delay associated with anteriorly placed QRS loops 
and maximal vectors. When exclusive accessory bundle conduction. 
occurred, a rightward and anteriorly oriented terminal delay was 
added to the initial slowing. This terminal delay was not ascribed to 

right bundle branch block but to the specific pattern of activation of 
an impulse apparently propagating from the posterosuperior wall of | 
the left ventricle. In fact, these vectorcardiograms were similar to 
those recorded from patients with ectopic impulses originating at the 
posterosuperior left ventricular wall. When exclusive conduction 


through the normal pathway was associated with right bundle branch 


block, the prolonged St-V interval coexisted with a loop showing 
only terminal conduction disturbances. , 


The loops seen during exclusive accessory bundle conduction in 


the patient with WPW, type B, had a leftward, posterior and superior 


orientation. The spatial delay was diffuse, although more marked i, 
toward the end of depolarization. This terminal (leftward) conduction 


defect was not attributed to right bundle branch block. The sequence 
of ventricular activation (as recorded at the body surface) was simi- 
lar to that occurring during right ventricular apical pacing. Resem- 


blance between vectorcardiograms showing exclusive accessory : 
bundle conduction and those produced by direct stimulation of spe- 


cific ventricular sites suggests, but certainly does not prove, that the 
electrical impulse is propagated from equivalent sites. 


The vectorcardiogram has proved to be a useful tool in the analysis. 
of intraventricular conduction.! It is also well established that the 
catheter technique for specialized conducting system studies com- 
bined with artificial stimulation gives valuable information regarding 


the mechanisms of atrioventricular conduction.? Therefore, it Ape ce 


pearec that the simultaneous recording of vectorcardiograms and His 


bundle electrograms during artificial pacing could enhance our un- 


derstanding of those processes, such as the preexcitation (Wolff-Par- 
kinson-White) syndrome, in which the significance of coexisting pat- 
terns of atrioventricular and intraventricular conduction was not 
clear. 
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SINUS HIGH RIGHT ATRIAL PACING 


FIGURE 1. Horizontal plane loops (Frank system), standard 
leads and His bundle (HBE) recordings in a patient with inter- 
mittent ventricular preexcitation. The left panel shows sinus 
rhythm with exclusive His bundle conduction. Combination com- 
plexes appeared in the right panel when the high right atrium 
was stimulated (St.) at a rate of 90/min. Paper speed in Figures 1 
and 2 is 50 mm/sec. (The bottom part of this figure is reproduced 
from Castellanos et al.? by permission of The American Heart 
Association, Inc.) 


PURE ACCESORY 





PSLV PACING 


es 
HORIZONTAL FRONTAL SAGITTAL 


FIGURE 3. Case 1. Vectorcardiograms obtained during exclu- 
sive accessory bundle conduction (top). The loops shown in the 
middle and bottom were obtained from 2 other patients with 
spontaneously occurring or electrically induced beats at the 
posterosuperior wall of the left ventricle (PSLV). PVC = pre- 
mature ventricular contraction. 
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HIGH RIGHT ATRIAL PACING 


FIGURE 2. Case 1. Horizontal plane loops, standard leads and 
His bundle recordings during different degrees of ventricular pre- 
excitation exposed by atrial pacing. The QRS configuration was 
that attributed to Wolff-Parkinson-White (WPW), type A. (The bot- 
tom part of this figure is reproduced from Castellanos et al.’ by 
permission of The American Heart Association, Inc.) 


Methods 


The catheter technique of His bundle recordings used in 
our department has been reported in detail previously.*° 
His bundle electrograms and spatial vectorcardiograms 
were recorded while the high right atrium was paced con- 
tinuously or intermittently by means of a specially con- 
structed pacemaker (American Optical Corp.).6 The 
Frank system of vectorcardiography’ was used with the 
electrodes at the level of the fourth intercostal space while 
the patients were in the supine position. The recording 
apparatus consisted of a Hewlett-Packard 1520 A vector 
system with a model C04-197 A oscilloscope camera. The 
sagittal plane was viewed from the right. The loops were 
interrupted so that each dash represented 2.5 msec. 

Three patients with ventricular preexcitation, that is, 
Wolff-Parkinson-White (WPW) syndrome, were studied. 
Two had the configuration attributed to WPW, type A, 
and 1 had that of WPW, type B.® 


Case Reports 


Case 1: Other recordings of this 62 year old patient 
with intermittent WPW, type A, have been presented 
elsewhere.? During sinus rhythm (rate 50/min) atrioven- 
tricular (A-V) conduction occurred exclusively through 
the normal pathways. These beats had a normal P-R in- 
terval and narrow QRS complexes (Fig. 1, left). The elec- 
trical axis was oriented toward +60°. The horizontal plane 
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A 

LRA 
FIGURE 4. Case 2. Horizontal loops, surface leads and His 
bundle recordings during exclusive His bundle conduction (left) 
and ventricular preexcitation (right). The anomalous QRS com- 
plexes had the configuration of WPW, type A. Paper speed in 
Figures 4, 5 and 6 is 100 mm/sec. LRA = low right atrium. 


QRS loop showed counterclockwise rotation with anterior 
and rightward orientation of the initial 10 msec vectors 
and anterior and leftward orientation of the initial 20 
msec vectors. The maximal QRS vector pointed toward 
0°. 

Preexcitation was present when the high right atrium 
was paced at a rate of 90/min (Fig. 1, right). The H de- 
flection appeared 10 msec before the onset of the delta 
wave. This beat, therefore, was a “combination” complex 
in which the ventricles were activated through both nor- 
mal and accessory pathways.?:1° Note that the electrical 
axis was more or less the same as when exclusive His bun- 
dle conduction was present (Fig. 1, left). 

The horizontal plane QRS loop still showed counter- 
clockwise rotation, but an initial delay was now present. 
The initial (10 and 20 msec) vectors were oriented anteri- 
orly, but the degree of leftward or rightward tilt could not 
be determined with certainty. The maximal QRS vector 
and the major part of the loop were more anteriorly 
placed than in Figure 1, left. 

Increasing the pacing rate (Fig. 2) resulted in further 
prolongation and distortion of the ventricular complexes. 
Since (from left to right) the H deflections were inscribed 
progressively after the beginning of the delta wave, it was 
assumed that the impulse descending through the acces- 
sory bundle was contributing more and more to ventricu- 
lar depolarization. Although the stimulus to V (St-V) in- 
tervals did not change with higher rates, a definite shift of 
the electrical axis to the right was now evident. 

The horizontal QRS loop (Fig. 2, left) showed an in- 
crease in the duration of the initial delay associated with 
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FIGURE 5. Case 2. Horizontal loops, surface leads and His 
bundle recordings during exclusive accessory bundle conduction 
with the QRS configuration of WPW, type A (left) and during 
exclusive His bundle conduction with right bundle branch block 
(right). LRA = lower right atrium; RBBB = right bundle branch 
block. 


a more anterior displacement of the maximal QRS vector. 
A figure-of-8 rotation and a minor degree of terminal 
delay were also noted. In Figure 2, right, the duration of 
the initial and terminal delays was more significant. The 
QRS loop showed pure clockwise rotation. 

The vectorcardiogram recorded during what appeared to 
have been exclusive accessory bundle conduction1! is 
shown in Figure 3, top. The anteriorly placed horizontal 
QRS loop was similar to the one presented in Figure 2, in 
that there was anterior and leftward orientation of the ini- 
tial delay and anterior and rightward location of the ter- 
minal delay. These spatial (3 plane) delays were distinctly 
separated by a period of more normal speed of conduction 
as evidenced by the greater distance between dashes. 
Both horizontal and frontal QRS loops had clockwise rota- 
tion. 

The vectorcardiogram in Figure 3, bottom, was ob- 
tained from another patient who had an epicardial pace- 
maker implanted in the posterosuperior wall of the left 
ventricle.12 The loops in the middle were from a third pa- 
tient with spontaneous ectopic ventricular beats presum- 
ably originating at the posterosuperior wall of the left ven- 
tricle. 

Note that all 3 sets of vectorcardiograms had certain 
common characteristics, namely (1) similar QRS rotation 
in the horizontal and frontal planes, (2) similar location of 
the QRS loops and corresponding maximal vectors, (3) ex- 
istence, and similar location, of initial and terminal de- 
lays, and (4) opposition between QRS and ST-T loops. 


Case 2: The recordings presented in Figure 4 were ob- 
tained from a 28 year old man with intermittent WPW, 
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FIGURE 6. Case 3. QRS configuration during exclusive acces- 
sory bundle conduction (WPW, type B; left) and right ventricular 
apical (RVA) pacing (right). BAE = bipolar atrial electrogram. 


type A. During high atrial pacing at a rate of 160/min, the 
St-V interval was prolonged at the expense of the lower 
right atrium to H (LRA-H) interval (Fig. 4, left). An H 
deflection was inscribed 40 msec before the onset of ven- 
tricular complexes with normal contour and width. The 
electrical axis pointed toward +60°. The horizontal QRS 
loop showed counterclockwise rotation with anterior and 
leftward orientation of the initial 10 and 20 msec vectors. 
Its maximal QRS vector pointed toward 0°. Significant 
delays were not seen. 

In this patient coupled atrial pacing induced different 
degrees of ventricular preexcitation. When this procedure 
was performed (Fig. 4, right) the St-V interval was short- 
ened to 130 msec, and inscription of the forward H deflec- 
tion coincided with that of the delta wave. This indicated 
that the ventricles were activated through both normal 
and accessory pathways. Morphologic QRS changes sug- 
gestive of WPW, type A, were also present. Although a 
shift in the electrical axis had not occurred, the horizontal 
plane QRS loop had a figure-of-8 rotation with a more an- 
terior orientation of the maximal QRS vector and of the 
whole loop. The characteristic initial delay was oriented 
to the left and anteriorly. Figure 5, left, shows the pat- 
terns which in this patient were attributed to exclusive 
accessory bundle conduction. Although the duration of the 
QRS complexes had increased, the forward H deflection 
was inscribed definitely after the beginning of the delta 
wave. Neither the St-V interval nor the direction of the 
electrical axis had changed significantly when compared 
with Figure 4, right. The horizontal plane QRS loop 
showed (as in Fig. 2, right) clockwise rotation with anteri- 
or orientation of the whole loop. An initial delay was sepa- 
rated by an interval of more normal conduction speed 
from a significant terminal delay oriented to the right and 
anteriorly. 

Occasionally, some of the artificial atrial impulses were 
conducted to the ventricles exclusively through the His 
bundle but with aberration due to functional right bundle 
branch block. When this occurred the St-V interval was 
prolonged at the expense of the LRA-H interval (Fig. 5, 
right). Moreover, the H-V interval had similar values 
than when there was exclusive His bundle conduction 
(but without right bundle branch block) (Fig. 4, left). The 
rsR’ pattern in lead V1 was associated with a normal elec- 
trical axis. The horizontal plane QRS loop showed coun- 
terclockwise rotation with a maximal vector only slightly 
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FIGURE 7. Vectorcardiograms recorded from Case 3 (with 
WPW, type B) during exclusive accessory bundle conduction 
(bottom) and from Case 1 during right ventricular apical pacing 
(top). Horizontal plane (left) and frontal plane (right). 


anterior to 0°. The delayed terminal appendage oriented 
to the right and anteriorly, characteristic of right bundle 
branch block, 1 was also present. 


Case 3: Figure 6 was obtained from a 52 year old pa- 
tient with WPW, type B. During sinus rhythm (left) the 
P-R interval measured 120 msec and the QRS complexes 
130 msec. Inscription of the forward H deflection coincid- 
ed with that of the delta wave. This suggested that the 
ventricles were activated through both the normal and 
accessory pathways. 

In this patient, ventricular stimulation was also per- 
formed from the right ventricular apex. The second (pace- 
maker-induced) wide QRS complex was similar to the 
first. In both beats lead I showed an upright deflection. 
Leads II, II and V; had predominantly negative (QS) 
complexes. This indicated that the major electrical forces 
were oriented to the left, superiorly and away from the 
chest electrode (Vi). Therefore, during exclusive accessory 
bundle conduction (Fig. 7, bottom), the maximal QRS 
vectors were oriented superiorly, to the left and posterior- 
ly. The horizontal and frontal QRS loops showed counter- 
clockwise rotation with diffuse areas of delay and slurring 
which were more marked toward the end. This terminal 
delay was oriented to the left and posteriorly. 

Although vectorcardiograms were not recorded during 
pacing of the right ventricular apex, stimulation of the 
latter site was performed in Case 1. The corresponding 
loops are presented in Figure 7, top, so that they can be 
compared with those representing exclusive accessory 
bundle conduction in the patient with WPW, type B. 
These vectorcardiograms had similar features. For in- 
stance, the location of the QRS loops as well as of their 
maximal vectors was more or less the same. However, the 
loops obtained during pacing of the right ventricular apex 
showed figure-of-8 rotation in the frontal plane with dif- 
fuse delays and slurrings which were less marked toward 
the end of depolarization. 


Discussion 


WPW, type A, vs. right bundle branch block: 
Various modalities of atrial stimulation combined 
with His bundle recordings have been used success- 
fully in the evaluation of the preexcitation (WPW) 
syndrome. 8:10.13-15 Coupled atrial pacing provided 
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additional information but also introduced potential 
sources of misinterpretation. For example, a His 
bundle deflection (H) might not be seen during pre- 
mature atrial stimulation because of catheter dis- 
placement. In these cases, a right branch (RB) po- 
tential can be recorded instead of the His bundle de- 
flection. If the premature atrial impulse is transmit- 
ted exclusively through the His bundle with func- 
tional right bundle branch block (without conduc- 
tion delay in the left branch), the beat will show 
what appears to be a His bundle deflection (but real- 
ly is a right bundle potential) inscribed slightly after 
the onset of depolarization. 

The resulting pattern resembles (superficially) 
that attributed to exclusive accessory bundle con- 
duction (due to an electrophysiologic Kent bundle) 
with a WPW, type A configuration. However, in 
functional right bundle branch block the P-R or 
(ST-V) interval is prolonged, and the vectorcardio- 
gram does not show an initial delay. In contrast, 
beats with this type of preexcitation have short P-R 
intervals as well as initial delays. 

Some authors have discussed the value of intracar- 
diac recordings in patients with preexcitation and 
prolonged P-R intervals. They have attributed the 
preexcitation to (1) a bypass below the A-V node 
(Mahaim bundle)3-13; (2) the association of a Ma- 
haim bundle and an A-V nodal bypass (James bun- 
dle)1%; and (3) the coexistence of a James bundle 
and a Kent bundle.1® In these patients (with pro- 
longed P-R intervals) the vectorcardiogram can be of 
help in validating the deflection recorded by the 
catheter located over the His bundle area. 

WPW, type A, vs. impulse from posterosuperior 
wall of left ventricle: There was a resemblance 
(Fig. 3) between loops showing exclusive aceessory 
bundle conduction (WPW, type A) and those ob- 
tained when an impulse originated (spontaneously or 
artificially) at the posterosuperior wall of the left 
ventricle. In fact, work performed in Wilson’s labora- 
tory first suggested that in WPW, type A, the anom- 
alous excitatory process probably arrived (from the 
atria) at a septal or parietal left ventricular site lo- 
cated posteriorly and superiorly.6 Catheter record- 
ings have been performed from the distal coronary 
sinus and proximal great cardiac vein by several au- 
thors.°-17.18 Before emptying into the coronary sinus, 
the great cardiac vein runs in the posterior part of 
the left-sided A-V sulcus between the left atrium 
and left ventricle.1® In the anteroposterior X-ray 
projection it appears as a posterior structure in the 
upper part of the left ventricular muscle.*:2° Pacing 
from this vein (through catheter electrodes) or its 
vicinity (with implanted epicardial electrodes) re- 
sulted in QRS changes similar (but not identical) to 
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the ones seen during exclusive accessory bundle < 
duction in persons with WPW, type A (Fig. 5).5-20 

Catheter recordings from the great cardiac \ 
have shown that in some patients with WPW, t 
A, the onset of activation at the explored posteri 
perior left ventricular site coincided with the onse 
the delta wave, thus suggesting that the recorc 
leads were located close to the preexcited area. 
These findings might explain the resemblance 
tween the loops obtained when the impulse pro 
gated from the posterosuperior wall of the left ven 
cle, either because it arose there (ectopic beat)! 
because it entered the ventricles in that region (\ 
to a bypass of the A-V junction). 

The terminal delay oriented anteriorly and to 
right noted in the loops with exclusive access 
bundle conduction (WPW type A) need not be 
cribed to right bundle branch block but in Case 
and 2 probably reflected the specific type of acti 
tion pattern of an impulse propagating from 
posterosuperior wall of the left ventricle.5-12.15.20 

Ventricular activation in WPW, type B: As: 
ilar reasoning can be applied to the loops noted d 
ing exclusive accessory bundle conduction in the 
tient with WPW, type B. Although a right ventri 
lar entrance has been postulated in some of these 
tients,?1:22 the exact location of the correspond 
accessory bundle has been a subject of debate £ 
speculation. That this is of more than academic 
terest is evidenced by the various surgical attem 
made in some patients with this type of preexci 
tion. 21-27 

Figures 6 and 7 do not settle this question. T] 
do show that the ventricular activation process s 
similar to the one resulting from stimulation of 
right ventricular apex in the same (Fig. 6) or anot 
patient (Fig. 7). In Case 3, the terminal delay loc 
ed posteriorly and to the left was not ascribed 
right bundle branch block, since this conduction c 
turbance is characterized by a terminal conduct 
disturbance oriented toward the right. Rather, ° 
leftward delay probably reflected the ventricular | 
tivation pattern of an impulse propagating from | 
lower regions of the right ventricle. 12,28 

Finally, the gross correlation noted between 1 
preexcitation loops and those obtained during paci 
from specific ventricular sites suggests, but does 1 
prove, that the impulse propagated from an equi’ 
lent part of the ventricles. How large this area w 
can only be a matter of speculation. For instan 
the original studies performed by Barker et al 
seem to indicate that an electrical stimulus elic 
similar QRS complexes from a relatively large arı 
which according to their Figure 7, was as much as 
to 25mm. 
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The effects of experimental infarction of the posterior left ventricular 
wall on the echocardiographic configuration and motion of the poste- 
rior left ventricular endocardium were evaluated in 20 closed chest | 
dogs. Myocardial infarction. was produced by selected intubation of 
the circumflex coronary artery and injection of blood clots. The elec- 
trocardiogram, phonocardiogram, apexcardiogram, aortic and left 
ventricular pressure curves, and left ventricular dP/dt were recorded... 
simultaneously and superimposed on the echocardiographic tracing. 
Correlation of the echocardiogram with the other measurements per- 
mitted the calculation of left ventricular volumes, contractility and 
systolic and diastolic time intervals. Specific .echocardiographic 
changes in the configuration of the posterior left ventricular endocar- 
dium occurred synchronously with left ventricular mechanical perfor- 
mance regardless of S-T segment changes in the electrocardio- 
gram. Reduction of excursion and mean and maximal velocity of ex- 
cursion of the posterior left ventricular endocardium were indicative : 
of experimental posterior wall infarction. Changes in the echocardi- 
ographic configuration of the posterior left ventricular endocardium 
could be correlated with upright and inverted T waves. Experimental. 
infarction of the posterior left ventricular wall was always reflected in ` 
changes in the posterior left ventricular endocardial. echo, whether | 
the infarction was transmural or nontransmural. In contrast, the 
electrocardiogram failed to show changes in nontransmural infarc- 
tion. The study may form the basis for an interpretation of echocar-. 
diographic findings in posterior wall infarction in man. 


In 1954 Edler and Hertz! first pointed out that a strong ultrasonic 
echo could be obtained from the posterior left ventricular wall. This: 
echo had a characteristic motion pattern and ‘configuration during. 
the cardiac cycle.23 It is now possible to record reflections of the 
posterior left ventricular endocardium and epicardium, thus provid- 
ing a beat to beat analysis of ventricular dimension, position and ve. 
locity of contraction in experimental animals and man.** Only 1. 
group of investigators‘ has so far used ultrasound to study both mo» 
tion and configuration of the posterior left ventricular endocardium 
in myocardial infarction. The study described here is concerned with - 
an analysis of motion and configuration of the posterior left ventricu- 
lar endocardium in posterior left ventricular wall infarction and a 
correlation of these changes with the electrocardiogram and left ven- 
tricular hemodynamics. 


Methods 
Twenty dogs, weighing 31 to 58 lb, were subjected to myocardial infarction” | 
of the posterior left ventricular wall. These animals were studied before and. _ 


after acute myocardial infarction by echocardiography and hemodynamic 
measurements. The dogs were anesthesized with intravenous injection of 
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FIGURE 2. Normal tracings recorded synchronously with the 
echocardiogram. In descending order, this tracing shows elec- 
trocardiographic lead Ill, phonocardiogram, apex cardiogram, 
aortic pressure curve, dP/dt and left ventricular pressure curve. 


FIGURE 1. Normal configuration of echoes ob- 
tained from a dog: A, posterior left ventricular en- 
docardium. A-B = electromechanical interval; B-C 
= isovolumic contraction period; C-D = ejection 
period; D-E = isovolumic relaxation period; E-F = 
rapid ventricular filling period; F-A = slow ventric- 
ular filling period; B = point of end-diastolic mea- 
surements; D = point of end-systolic measure- 
ments. B, anterior right ventricular wall, the inter- 
ventricular septum (IVS), and the posterior left 
ventricular endocardium (EN) and epicardium 
(EP). Right and left ventricular end-diastolic di- 
mensions (Dg) are measured at the time of the R 
wave; right and left ventricular end-systolic dimen- 
sions (Ds) are measured at the time of the end of 
the T wave in the electrocardiogram. C, left ven- 
tricular cavity limited by the left portion of the 
interventricular septum and the posterior left ven- 
tricular endocardium. Behind the endocardium the 
posterior left ventricular epicardium can be visual- 
ized. Dg = end-diastolic diameter; Ds = end-sys- 
tolic diameter. D, left ventricle limited by the left 
portion of the interventricular septum (IVS) and the 
posterior left ventricular endocardium (EN) ob- 
tained from a 10 year old child. Dg = end-diastolic 
diameter, D, = end-systolic diameter; EP = poste- 
rior left ventricular epicardium. 


sodium pentobarbital (Nembutal® sodium, 14 mg /lb). The 
trachea was intubated and connected to a Harvard respira- 
tor. The animals were placed in the left oblique position, 
and the right carotid artery and left femoral artery and vein 
were exposed. An angiocatheter needle was placed into the 
femoral vein and 5 cc of blood was withdrawn and per- 
mitted to clot. A solution of 250 ml of 5 percent dextrose and 
10 ml of 7.5 percent (8.92 mEq) of sodium bicarbonate was 
slowly infused for the duration of the experiment. 

With the use of fluoroscopy the outline of the heart was 
marked on the skin, and the left ventricle was intubated 
with a catheter (5420 U. S. Catheter and Instrument 
Corp.) under fluoroscopic control. A specially manufac- 
tured metal catheter? was then inserted into the aorta by 
way of the right carotid artery. Both catheters were con- 
nected to Statham pressure gauges (model P23DB). Leads 
were attached for electrocardiographic recordings. Two 
microphones (model PS 2, pulse-apex sound microphone, 
Electronics for Medicine) for apex cardiography and pho- 
nocardiography were placed at the apex of the heart and 
over the second left intercostal space. 

All tracings, including the electrocardiogram, phonocar- 
diogram, aortic pressure and left ventricular pressure and 
its first derivative, dP/dt, were monitored on a multi- 
channel Electronics for Medicine screen and recorded on a 
strip chart recorder. A time interval of 0.1 second and 
paper speeds of 50 and 100 mm/sec were used. A commer- 
cially available echocardiograph (100 series diagnostic 
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FIGURE 3. Interventricular septum, left ventricle, endocardial 
and epicardial surfaces of the posterior left ventricular wall ob- 
tained in the dog. Recordings taken simultaneously with left 
ventricular hemodynamics. Left tracings obtained before emboli- 
zation; right tracings, 5 minutes after embolization. Markers on 
the right echogram are also valid for the left echocardiogram. 


echoscope, Unirad) connected to a Polaroid camera re- 
corded the echo of the posterior left ventricular endocar- 
dium and the right and left ventricular diameters. A 
transducer (5g inch in diameter, 2MHz) with a repetition 
rate of 1,500 impulses/sec was employed. An additional 
electrocardiogram was recorded on the Unirad echoscope 
to make possible superimposition of the various tracings. 
Recording of echocardiograms: The transducer was 
placed in the fourth intercostal space at the left sternal 
border and directed posteriorly as well as laterally and in- 
feriorly to obtain a group of echoes from the posterior left 
ventricular wall.2 Using A-display, these echoes were rec- 
ognized by their typical motion—anterior during ventricu- 
lar systole and posterior during ventricular diastole. Be- 
fore recording motion from the posterior left ventricular 
wall, one must clearly identify the endocardial and epi- 
cardial surfaces of the posterior wall echo. The rejecting 
and damping modalities and the sensitivity were adjusted 
to obtain a clear echo of the posterior left ventricular en- 
docardium. Figure 1 demonstrates both the endocardial 
and epicardial surfaces of the posterior left ventricular 
wall echo. Polaroid photographs, using M-display, of the 


posterior left ventricular endocardial echo and lead III of 


the electrocardiogram were then recorded. The scale for 
direct measurement was superimposed on the same pic- 
ture, with the use of A-display and a very short exposure 
time. The electrocardiogram, phonocardiogram, apex car- 
diogram, aortic and left ventricular pressures and dP/dt 





FIGURE 4. Identification of the left ventricular cavity. A, left 
portion of the interventricular septum, left ventricle, and posteri- 
or left ventricular endocardium. B, after injection of 1 mg of in- 
docyanine green by means of a left ventricular catheter which is 
facing the septum, the injected dye produces some echoes 
which first appear along the septal surface. C, after injection of 
2 mg of dye, there are enhanced echoes along the septal sur- 
face. D, after injection of 5 mg of dye, the left ventricular cavity 
is completely filled by echoes, as a result of dye injection, thus 
confirming that the echoes displayed in A had been focused 
correctly. 


were recorded simultaneously on a strip chart recorder 
(Electronics for Medicine) at paper speeds of 100 and 50 
mm/sec (Fig. 2). 

Echoes from the epicardial surface of the right ventri- 
cle, as well as the interventricular septum and the poste- 
rior left ventricular endocardium, were recorded by the 
technique of Popp et al.5 (Fig. 1 and 3). For this purpose, 
the transducer was placed in the fourth intercostal space 
at the left sternal border and was directed posteriorly, lat- 
erally and inferiorly. The reject control was set at maxi- 
mum to eliminate low-intensity echoes. The sensitivity in 
the far field was adjusted until the posterior left ventricu- 
lar endocardium was clearly visualized. The sensitivity 
display of echoes in the near field was gradually increased 
until 2 nearly parallel echoes representing the right and 
left interventricular septum were seen. Finally, an echo of 
the right ventricular epicardial surface, just posterior to 
the echoes originating from the anterior chest wall, was 
recorded. This echo was recognized by a movement oppo- 
site to that of the posterior left ventricular endocardium. 
When clear echoes could be monitored, Polaroid photo- 
graphs were taken with the use of M-display. The scale 
for direct reading was superimposed in the manner pre- 
viously described. 

Left ventricular dye studies: To eliminate confusion 
with intracavitary echoes and confirm the identity of the 
displayed echoes with the endocardial surfaces of the pos- 
terior left ventricular wall and those of the left side of the 
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FIGURE 5. Typical hemodynamic tracing after embolization of 
the circumflex coronary artery. In descending order: electrocar- 
diographic lead Ill, phonocardiogram, apex cardiogram, aortic 
and left ventricular pressures, dP/dt. 
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interventricular septum, dye studies with indocyanine 
green were performed. Injections of 5 mg (1 ml of a solu- 
tion consisting of 25 mg dye and 5 ml aqueous solvents) of 
indocyanine green and saline were made directly into the 
left ventricle by means of left ventricular catheter.’ The 
tip of the catheter was facing the septum. The injection 
produced echoes, filling the cavity between the septum 
and the anterior portion of the posterior wall echo, which 
was consistent with the posterior left ventricular endocar- 
dium. The echoes resulting from the dye injection first 
appeared at the endocardial surface of the left part of the 
septum. Thus, the posterior left ventricular endocardium 
and the left side of the interventricular septum could be 
outlined (Fig. 4). This study therefore confirmed that the 
focus of both structures terminating the left ventricular 
cavity had been correct. 

Coronary embolization: The method of Khomazyuk 
was used to produce coronary embolization.® Four to 5 
blood clots, each with a diameter of about 1.5 mm, were 
suspended in a syringe filled with saline solution. The sy- 
ringe was connected to the Khomazyuk catheter.” Under 
direct observation and with continuous recording of aortic 
pressure and the electrocardiogram, the catheter was 
moved toward the aortic valves and then turned toward 
the left coronary ostium. Occlusion of the left coronary os- 
tium was indicated by a sudden drop of aortic pressure 
and T wave inversion. At that time the clots were injected 
through the catheter into the left coronary artery. Appear- 
ance of ventricular premature beats was a reliable sign 
that the clot had been correctly placed. The catheter then 
was immediately withdrawn with the tip in the aorta. 

After the injection, typical patterns of myocardial in- 
farction with Q waves, elevated S-T segment, and dome- 
shaped T waves developed in leads II, III and aVF (Fig 5). 
Five different electrocardiographic changes were recorded 
during the 15 minutes following the infarction (see Fig. 8). 
In 10 cases ventricular fibrillation occurred and was suc- 
cessfully treated by electrical countershock. 

Fifteen minutes after the injection of the clots, echocar- 
diographic and hemodynamic recordings were repeated. 
After the experiment, the animals were killed and the 
hearts visually examined to confirm the diagnosis of myo- 





FIGURE 6. 


Dog heart after embolization of the circumflex cor- 
onary artery, obtained by autopsy. A large infarction involves the 
posterior left ventricular wall, the septum, the apex and the pos- 
terior papillary muscle. The dog weighed 26.1 kg, and the heart 
weight was 185 g. 


cardial infarction of the posterior left ventricular wall 
(Fig. 6). Transmural infarction was noted in most ani- 
mals, except in those in which the electrocardiogram re- 
verted to normal. The mean diameter of the infarcted area 
measured approximately 3/4 inch. The posterior papillary 
muscle was involved in nearly all animals. 

Before calculation, hemodynamic tracings and echocar- 
diographic photographs were superimposed by means of 
the 2 identical electrocardiographic tracings recorded by 
the strip chart recorder and the echoscope camera. 


Measurements 


The normal echocardiogram of the posterior left ven- 
tricular endocardium and epicardium, obtained from a 
dog, is illustrated in Figure 1A. To prevent misunder- 
standings, it should be stated that all measurements of 
motion and configuration obtained in this study were re- 
lated to the posterior left ventricular endocardium only. 
Similar to the findings of others, point B of the posterior 
left ventricular endocardial echo, the wall position at the 
end-diastole, appeared synchronously with the R wave in 
the electrocardiogram.?~# 

During isovolumic contraction time (B-C interval), the 
posterior left ventricular endocardium moved posteriorly 
before ventricular ejection (C-D interval). The onset of a 
sharp posterior displacement at point D indicated the 
isovolumic relaxation time (D-E interval). During early 
diastole, the posterior left ventricular endocardial echo re- 
turned to its base-line position (E-F interval). F-A corre- 
sponds to ventricuar filling. The total amplitude of excur- 
sion of the posterior left ventricular endocardium was 
measured as previously described by Kraunz and Kenne- 
dy? and Winsberg and Goldman.? The total amplitude 
was the vertical distance between C (onset of left ventric- 
ular ejection) and D (end of left ventricular ejection) and 
was expressed in centimeters (Fig. 1A). 

The mean velocity of excursion of the posterior left ven- 
tricular endocardium was measured as the slope of the 
line extending from the onset (C) to the maximum (D) of 
anterior displacement and was computed as the ratio of 
the excursion to the time interval C-D.?:4:8 The maximal 
velocity of excursion was calculated by drawing a tangent 
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to the steepest point on the systolic limb of the curve and 
measuring the slope in centimeters per second.2:? The 
systolic and diastolic time intervals on the hemodynamic 
tracings were measured as described by Perloff et al.® and 
as illustrated in Figure 2. The electromechanical interval, 


«which is the first part of the preejection period, was di- 


rectly determined as the Q (electrocardiogram) to Sı 
-. (phonocardiogram) interval, which is nearly synchronous 

with the A-B distance of the posterior left ventricular en- 
docardial echo. 


TABLE ł 


Arithmetic Mean + Standard Error of the Mean, T Statistics and Probability of Data Before and After Myocardial Wall infarction 





Before Infarction 


A, Data Obtained by Echo 





Posterior wall excursion (cm) 0.98 + 
Posterior wall mean velocity (cm/sec) 4.60 = 

.. Posterior wall maximal velocity (cm/sec) 6.94 + 
LVES diameter (cm) 3.7 

< J LVED: diameter (cm) 4.4 £ 
“ORVES diameter (cm) L7 

- RVED diameter (cm) 2.04 
LVES volume (cm?) 34.02 & 
LVED volume (cm?) 50.93 
Stroke volume (cm?) 16.93 -+ 


B. Hemodynamic Data 





Heart rate (beats/min) 





7347 Ml 6 3.0 0,005 
Cardiac output (liters/min) 2.93 4.0.23 1.71 0.15 4.38 <0.001 
Ejection fraction ` 0.39 + 0.03 0.21 + 0.02 4.97 <0.001 
Pressures (mm Hg) 
LV systolic 166 = 6 139 + 6 3.0 <0.005 
Aortic systolic 166 +: 6 | 139 = 6 3.0 <0.005 
LVED 7+ 0 16+: 2 5.0 <0.001 
Aortic diastolic 126 =: 6 103 = 7 2.0 <0.02 
dP/dt(mm Heg/sec) 2860.9 +: 191.2 1552.2 a> 173.0." 5.1 <0. 001 
C. Systolic and Diastolic Time Intervals (sec) 
Electromechanical interval 0.044: 0 0.05 +: 0 2.34 <0.025 
isovolumic contraction time 0.05 0 0.05 +: 0 0.16 <0.9 
Ejection time oS 0.14: 0.01 0:17 +: 0.01 2.99 <0,005 
isovolumic relaxation time 0.06 + 0.01 0.06 +: 0 0.17 <0,9 
Filling time 0.07 + 0 0.08 =: 0.01 0.32 <0.8 
‘Preejection period 0.09 + 0 0.10 + 0 1.19 <0.3 
...Preejection/ejection time 0.65 a: 0.04 0.61 + 0.04 0.74 <0.5 
=s Electromechanical systole 0.23 + 0,01 0.27 + 0.01 3.20 <0.005 
- -Electrornechanical diastole 0.14 + 0;01 0.17 +.0.01 2.43 <0;02 
LV systole 0.20 + 0.01 0.22 + 0.01 1.93 <0.1 
LV diastole 0.17 + 0,01 0.20 + 0.01 2.03 <0.05 
R-R interval 0.37 + 0.01 0.44 + 0.02 3.55 <0.005 
D. Electrocardiographic Data 
A-V conduction time (sec) 0.10 + 0 0.10+ 0 0.49 0.7 
QRS complex (sec) 0.07 + 0 0.09 0 2.22 0.08: 
R amplitude (mm) +1 +1 0.7 05. 
P amplitude (mm) 340 2+0 2.82 0.01 





: A-V = atrioventricular; LV = left ventricular; LVED and LVES = 
- ventricular end-diastolic and end-systolic. 
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The isovolumic contraction time, that is, the time from: 
onset of left ventricular contraction to the onset of ejec- 
tion, was measured indirectly by subtracting the left ven- 
tricular ejection time from Sı (phonocardiogram) to Ag 
(phonocardiogram) interval. This interval occurred syn“. 
chronously with the B-C distance of the posterior left 
ventricular endocardial echo, Left ventricular ejection 
time was derived from the aortic pressure curve by calcu- 
lating the distance from the onset of rapid upstroke to the 
dicrotic notch: This interval was synchronous’ with the 


After Infarction 2P 


0.05. 0.58 + 0.04 6,42 <0,001 
0.53 2.46 + 0.23 3,68 <0.001 
0.58 3.85 + 0.45 4.18 <0.001 
0.2 4.80.2 3.2 <0.005 
0.2 5.14 0.2 2.5 <0,02 
0.0 2.4 4: 0.2 3.4 <0.005 
0.0 2.7 + 0.2 3.2 <<0,005 
5.68 59,34 + 7.54 2.68 <0.02 
6.40 71.75 cz 7.89 2.05 <0.05 
1.15 12.65 +: 1.18 2.59 <0,02 








left ventricular end-diastolic and end-systolic; RVED and RVES = right 
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TABLE II 


Posterior Myocardial Wall Changes After Infarction Relating the Electrocardiogram to Mechanical Events in 20 Dogs 
Pe Sea en RSS Di E S a Ss 8 ee OL A as ee ee 


Isovolumic Isovolumic 
Electromechanical Contraction Ejection Relaxation Filling 
Interval Time Time Time Time 
Cae Sele SE eS Daa IN ies hee bade ta eee i ee Sei CNR. Dee ee) omer bMS 

Group 1, reversion to normal pattern 83% N 50% N 17% N 17% N 83% N 
after infarction (no. = 6) 17% A 50% A 83% A 83% A 17% A 
Group 2, typical infarction pattern 14% N 14% N 0% N 0% N 29% N 
(no. = 7) 86% A 85% A 100% A 100% A 71% A 
Group 3, elevated S-T segment and 100% N 0% N 0% N 0% N 100% N 
inverted T after infarction (no. = 2) 0% A 100% A 100% A 100% A 0% A 
Group 4, tented T wave after 100% N 50% N 0% N 0% N 100% N 
infarction (no. = 2) 0% A 50% A 100% A 100% A 0% A 
Group 5, inverted T wave after 100% N 100% N 0% N 0% N 100% N 
infarction (no. = 3) 0% A 0% A 100% A 100% A 0% A 





A = abnormal pattern of posterior wall echo; N = normal pattern of posterior wall echo. 


8 - POST. WALL VELOCITY POST. WALL LEFT VENTR.DIAMETERS RIGHT VENTR.DIAMETERS 


MEAN MAXIMAL EXCURSION ENDSYST. ENDDIAST. ENDSYS. ENDDIAST. 
7- CM/SEC. cM cM cM 
6- 2P<0.001 2P<0,001 2P<0.001 2P<0.005 2P<0,002 2P<0.005 2P<0,005 
5 e 
4 - 
3- 
2- 
1 - 
ob i” 
DO FIRST COLUMN: E SECOND COLUMN: 
PRIOR TO INFARCTION AFTER INFARCTION 
FIGURE 7. Graphic display of means + standard error of the 


means of posterior wall mean and maximal velocity, posterior 
wall excursion, left ventricular end-systolic and end-diastolic di- 
ameters and right ventricular end-systolic and end-diastolic di- 
ameters. 
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FIGURE 8. Graphic display of means + standard error of the 
means of left ventricular end-systolic and end-diastolic volumes, 
stroke volume, cardiac output, ejection fraction and heart rate. 
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C-D distance of the posterior left ventricular endocardial 
echo. 

Isovolumic relaxation time was calculated as the dis- 
tance Az (phonocardiogram) to 0 (apex cardiogram) coin- 
ciding with the D-E interval. The ventricular filling time 
was determined as the 0 (apex cardiogram) to Q (electro- 
cardiogram) distance coinciding with the E-F-A interval 
of the posterior left ventricular endocardial echo. 

The electromechanical systole was the time interval 
from Q (electrocardiogram) to Az (phonocardiogram); the 
left ventricular systole was represented by the distance Sı 
(phonocardiogram) to Az (phonocardiogram). The electro- 
mechanical diastole was determined as the interval be- 
tween Az (phonocardiogram) and Q (electrocardiogram); : 
the left ventricular diastole was represented as the Ag 
(phonocardiogram) to S, (phonocardiogram) distance. 
The right ventricular end-systolic and end-diastolic diam- 
eters were obtained by echocardiography and calculated 
as the distance between the right ventricular epicardial 
surface and the more anterior of the 2 septal echoes (Fig. 
1B).6 

The left ventricular end-systolic (Ds) and end-diastolic 
(Da) diameters were derived from the distance measured 
from the more posterior of the interventricular septal 
echoes—the left septal echo—to the posterior left ventric- 
ular endocardium, which is the anterior portion of the 
posterior left ventricular wall echo (Fig. 1, B and C). The 
end-systolic dimensions (Ds) were measured at the time of 
the end of the T wave in the electrocardiogram, the end- 
diastolic diameters (Da) at the time of the top of the R 
wave (Fig. 1, B and C).® 

The left ventricular end-systolic (Vs) and end-diastolic 
(Va) volumes were calculated using the formula of Popp 
and Harrison.!° The left ventricle conforms closely to the 
geometric shape of a prolate ellipse, that is, an ellipsoid of 
revolution around the major axis.11-1% Angiographic data 
from other studies have shown that the major axis of the 
left ventricular chamber was approximately twice as long 
as its minor axis.!1:13 Consequently the formulas Vs = 
pi/3 x Ds’ and Va = pi/3 X Da? were employed.1°:12-14 
The stroke volume (S,) represents the difference between 
the end-diastolic (Va) and end-systolic (Vs) volumes,?° 
and the cardiac output is the product of heart rate and 
stroke volume. The ejection fraction is the ratio of stroke 
velume (Sy) to end-diastolic volumes (Va). 
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PRIOR TO INFARCTION AFTER INFARCTION 


FIGURE 9. Graphic display of means + stamdard error of the 
means of left ventricular and aortic systolic pressures, aortic 
diastolic pressure, left ventricular end-diastolic pressure, and 
dP/dt. 


Results 


Tables I and II and Figures 6 to 11 show the aver- 
age data obtained in 20 animals. 

Results obtained by echocardiography: The re- 
duction of posterior left ventricular endocardial ex- 
cursion after infarction was 36 percent and was sta- 
tistically highly significant (Tables I and III, Fig. 7). 
The mean velocity of excursion of the posterior left 
ventricular endocardium was diminished by 34 per- 
cent, and the maximal velocity of excursion showed 
a severe reduction of 38 percent (Tables I and II, Fig. 
7). The increase of right ventricular end-systolic and 
end-diastolic and left ventricular end-systolic diame- 
ters,ranged between 28 and 41 percent. The left ven- 
tricular end-diastolic diameter increased by 16 per- 
cent. The left ventricular end-systolic and end-dias- 
tolic volumes increased significantly from 41 to 76 
percent (Table I, Fig. 8). The reduction in stroke 
volume, calculated as the difference between the end- 
diastolic and end-systolic volumes, was about ‘25 
percent. 

Results of detailed analysis of the configuration of 
the posterior left ventricular endocardium after in- 
farction in relation to the electrocardiogram and 
mechanical intervals are outlined in the discussion. 

Hemodynamic data: Significant changes in 
hemodynamics were observed (Table I, Fig. 9). The 
heart rate decreased 19 percent, cardiac output 41 
percent, ejection fraction 46 percent and left ventric- 
ular and aortic pressures 17 percent. These changes 
were highly significant. A marked drop in aortic 
diastolic pressure of 18 percent was also recorded. In 
contrast, left ventricular end-diastolic pressure in- 
creased 129 percent after infarction. The maximal 
increase of pressure rise in the left ventricle, dP/dt, 
was markedly reduced. 
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FIGURE 10. Graphic display of means + standard error of the 
means of the electromechanical interval, QRS complex, ejection 
time and electromechanical systole (seconds). 
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FIGURE 11. Graphic display of means + standard error of the 
means of the electromechanical diastole, left ventricular dias- 
tole and P amplitude. 


TABLE III 


Distribution of Posterior Wall Changes Related to the 
Classification Into 5 Groups 





Posterior Wall Posterior Wall 


Excursion Mean Velocity Maximal Velocity 

(%) (%) (%) 

Group 1 —37 —45 —34 
Group 2 —44 —54 —62 
Group 3 —17 —16 —31 
Group 4 —40 —24 —21 
Group 5 —42 —30 —44 
Mean —36 —34 —38 


(no. = 5) 
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PRIOR TO INFARCTION 


GROUP 1 GROUP 2 


FIGURE 12. 


POST INFARCTION 


GROUP 3 GROUP 4 


Cardiodynamics including, in descending order, electrocardiogram, phonocardiogram, apex cardiogram, aortic pressure 


curve, dP/dt and left ventricular pressure. The tracings are superimposed with echocardiographic tracings of the posterior left ventric- 
ular endocardium. Classification into 5 groups is according to the electrocardiographic pattern after myocardial infarction of the poste- 
rior left ventricular wall. EN = posterior left ventricular endocardium, EP = posterior left ventricular epicardium. 


Systolic and diastolic time intervals: The 
electromechanical interval, the ejection time, 
electromechanical systole and diastole, as well as the 
R-R interval (Fig. 2) were significantly prolonged 
(Table I, Fig. 10 and 11). The isovolumic contraction 
time and preejection period increased slightly. No 
changes were observed in the isovolumic relaxation 
time and the left ventricular filling period. A slight 
reduction in the ratio preejection period/ejection 
time was noticed. 

Electrocardiographic data: A significant pro- 
longation of the QRS complex of 17 percent and a 
reduction of the P amplitude of 33 percent were ob- 
served (Table I, Fig. 10 and 11). 


Discussion 


The purpose of this experimental study was to 
demonstrate that echocardiography may be a reli- 
able method in diagnosing posterior wall infarction. 
In many cases of clinical posterior wall infarction, 
the electrocardiogram discloses typical changes. 
However, in a considerable percentage of observa- 


tions, the electrocardiogram may not be characteris- 
tic or diagnostic of posterior wall infarction. This can 
occur if the infarcts are too small, either in circum- 
ferential extent or in the endocardial-epicardial 
thickness (nontransmural); if the infarct of the pos- 
terior wall fails to cause diagnostic electrocardiogra- 
phie changes because of its location with respect to 
the electrode placement; and if the position of the 
heart in the thorax, that is, a decidedly transverse or 
vertical heart, obscures the location of the infarct. 

In contrast, the echocardiographic 1-dimensional 
view of motion and configuration of the posterior left 
ventricular endocardium related to left ventricular 
events appears to offer means for assessing left ven- 
tricular function. In some instances changes in 
echoes can occur, even in the absence of electrocardi- 
ographic alterations. The slow sweep time motion 
representation also provides a measurement of left 
ventricular time intervals. 

The interpretation of the results reported here de- 
pends to a large extent on a clear definition of the 
structures displayed on the echogram, such as the 
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posterior left ventricular endocardium and endocar- 
dial surface of the left septal portion. As previously 
described, the injection of indocyanine green con- 
firmed that the identification of both echoes ob- 
tained in this study was correct (Fig. 4). At the same 
time, injection of indocyanine green provides confir- 
mation of the values obtained for the internal di- 
mensions of the left ventricle (Fig. 4). These values 
were further confirmed by direct observation of 
hearts obtained at autopsy (Fig. 6). Comparison of 
these echoes in dogs and man demonstrates that mo- 
tion and configuration of the septum and pcsterior 
left ventricular endocardium are identical (Fig. 1D). 

Echocardiographic data: The significant reduc- 
tion of the excursion and the mean and maximal ve- 
locity of excursion of the posterior left ventricular 
endocardium are indicative of a diminution in myo- 
cardial contractility, which occurs as dP/dt declines. 
The velocity of anterior displacement of the posterior 
left ventricular endocardium during systole has been 
taken as an index of the velocity of circumferential 
fiber shortening.15.16 The mean reduction of excur- 
sion and of mean and maximal velocity of the poste- 
ior left ventricular endocardium (Table I, Fig. 7) 
suggests that a diminution of excursion and mean 
and maximal velocity of more than 30 percent ac- 
companies experimental posterior wall infarction. 

Of particular interest. are alterations in configura- 
¿tion of the posterior left ventricular endocardium 
‘after infarction, when related to systolic and diastol- 
ic time intervals. During the electromechanical in- 
terval (A-B in echo, Q-R in the electrocardiogram), 
no remarkable changes in the configuration of the 
endocardial portion of the posterior left ventricular 
wall echo can be observed (Fig. 12). This is not sur- 
prising, since during this interval no left ventricular 
-mechanical alterations occur. During the isovolumic 
contraction period (B-C in echo, descending limb of 
` R wave to the beginning of the isoelectric line in the 
electrocardiogram), there is shortening of the base to 
apex length of the left ventricle with a concomitant 
increase in cross-sectional area.17 An abnormal flat, 
bulged or wavy anterior displacement of the posteri- 
or left ventricular endocardium takes place after a 
posterior motion of short duration (Fig. 12). This 
configuration is indicative of asynchrony of contrac- 
tion,18 probably due to ischemic ventricular disease. 

The main alteration in the echocardiographic con- 
figuration of the posterior left ventricular endocar- 
dium was observed during ventricular ejection. In 
the ejection phase (C-D in the echocardiogram, 
ST-T in the electrocardiogram), a minimal change 
in the apex to base length and a marked continuing 
reduction in cross-sectional area of the left ventricle 
occur.1? Therefore, one can expect that the main al- 
terations in echocardiographic motion and configura- 
tion occur during this period. 

It is possible to relate the echocardiographic 
changes to T wave characteristics of the electrocardi- 
-ogram. All animals with upright T wave displayed 
an echocardiographic configuration different from 
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those with T inversion (Fig. 12). The group with up- 
right T wave with or without S-T segment elevation — 
initially showed a flat and prolonged anterior dis- 
placement of the endocardial portion of the posterior 
left ventricular wall echo, extending to a broad sys- 
tolic bulge, occurring synchronously with the top of 
T wave (Fig. 12). Thereafter a brief posterior dis- 
placement of the posterior left ventricular endocar- 
dium takes place, which is terminated by a small 
peak, occurring synchronously with the end of the T 
wave. Both displacements show systolic inward or 
outward bulges, peaks and notches that appear to 
depend on the severity of electrocardiographic 
changes (Fig. 12). 

In animals with T wave inversion with or without 
S-T segment elevation, the initial flat and prolonged 
anterior displacement of the posterior left ventricular 
endocardium extends to a notch, which occurs syn- 
chronously with the top of the T wave (Fig. 12). In 
contrast to findings in the group with upright T 
wave, this change is followed by another anterior 
displacement of the posterior left ventricular endo- 
cardial echo extending to another notch, which is 
timed with the end of the T wave. Both displace- 
ments show less peaking and bulging than that dem- 
onstrated in the animals with upright T wave (Fig. 
12). According to Inoue et al.4 and Mason et al.,38 
some of these abnormalities of posterior wall configu- 
ration are related to distortion,* asyneresis,18 dysk- 
enesis18 or asynchrony? of ventricular wall motion. 

During the isovolumic relaxation time (D-E in 
echo and isoelectric line in the electrocardiogram), 
the base to apex length of the left ventricle increases 
maximally, and the cross-sectional area becomes 
larger.17 This time a flat posterior displacement of 
the posterior left ventricular endocardial echo with 
diastolic waves and bulges appears. An increase in 
left ventricular end-diastolic pressure and dimin- 
ished ventricular distensibility and compliance after 
infarction might be responsible (Fig. 12). 

During the filling period (E-A in echo and isoelec- 
tric line to Q in the electrocardiogram) a sudden in- 
crease in cross-sectional area and later a reduction in 
apex to base length occurs.17 Only a few alterations 
in the configuration of the posterior left ventricular 
endocardium are present (Fig. 12). 

Since the determination of left ventricular diame- 
ters is used for the calculation of left ventricular vol- 
umes as well as stroke volume, cardiac output and 
the ejection fraction, it follows that these values 
must be greatly changed as well. Thus an increase in 
left ventricular dimensions, as described in this 
study, leads to a reduction in stroke volume and 
ejection fraction (Table I, Fig. 7 and 8). According to 
Ross,!® significant right ventricular dilatation may 
be due to either an increase in volume or a decrease ._. 
in compliance of the right ventricular wall. The dim-.”. 
inution of the left ventricular stroke volume could be 
the result of a decline in left ventricular preload and 
afterload, and of ventricular contractility (Table L; 
Fig. 9). 
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Hemodynamic data: The hemodynamic changes 
that occurred were indicative of a decline in left ven- 
tricular performance, including a decrease of left 
ventricular and aortic pressures, dP/dt, and a signif- 
icant increase of the left ventricular end-diastolic 
pressure.?° 

Systolic and diastolic time intervals: As the 
heart rate decreases, there is a linear lengthening of 
the electromechanical systole (Fig. 8 and 10). This is 
primarily due to an increase in the duration of left 
ventricular ejection time. The duration of the pree- 
jection period increases only slightly. According to 
Perloff et al.,9 lengthening of the preejection period 
is related almost exclusively to an increase in the 
electromechanical interval, since the isovolumic con- 
traction time remains constant over a wide range of 
heart rates. These conditions were present in our 
study, thereby suggesting that the significant drop in 
heart rate is primarily responsible for the change of 
the systolic time intervals. 

-0 Electrocardiographic data: Our study offered 

‘the opportunity to correlate electrocardiographic and 
echocardiographic results with autopsy findings in 
dogs with experimental posterior myocardial wall in- 
farction. To accomplish this, the experimental series 
was divided into 5 groups. Group 1 comprised dogs 
that had a reversion of the typical electrocardiogra- 
phic infarction pattern to normal within 15 minutes 
after the onset of infarction. Autopsy showed a non- 
transmural infarction. Degs in group 2 demonstrated 
a typical infarction pattern, which deteriorated or 


remained unchanged. A typical infarction pattern 


was considered to be present if the following criteria 
were met: a Q wave, high takeoff of the S~T segment 
and dome-shaped upright T wave in lead III. Autop- 
sy revealed transmural infarction. Group 3 com- 
prised dogs in which the typical infarction pattern 
changed to a different pattern with slight S-T eleva- 
tion and inverted T wave within 15 minutes after in- 
farction. Transmural infarction was present at au- 





topsy. Dogs in group 4 showed only tenting of the T 
wave; no S-T segment changes were recorded 15 
minutes after infarction. Transmural infarction was 
demonstrated at autopsy. Dogs in group 5 had a typ- 
ical infarction pattern which evolved to severe T 
wave inversion without S-T segment elevation. Au- 
topsy disclosed transmural infarction. The echocar- 
diographic findings are illustrated in Tables II and 
Ill and Figure 12. Groups 1, 2 and 4 showed the pat- 
tern associated with upright T wave as described. 
Groups 3 and 5 presented the pattern accompanying 
T wave inversion. 

This correlation demonstrates that echocardiogra- 
phic changes in the configuration of the posterior left 
ventricular endocardium occurring synchronously 
with mechanical left ventricular performance were 
usually associated with upright and inverted T 
waves in the electrocardiogram, regardless of changes 
in the S~T segment. According to Friedberg?! and 
Wallace,22 S-T segment deviations or displacements 
are due merely to a delay of complete depolarization 
and early repolarization of the ischemic ventricular 
zone, thus establishing a gradient of positive poten- 
tials between the injured and unaffected areas. Con- 
sequently, this electrical event does not influence the 
echocardiographic configuration of the posterior left 
ventricular endocardium. In relating posterior left 
ventricular endocardial echo to autopsy findings, ex- 
perimental myocardial infarction of the posterior left 
ventricular wall is reflected in changes of the echo- 
eardiogram whether the infarct is transmural or non- 
transmural. This is in contrast to the electrocardio- 
gram, which may not change in nontransmural in- 
farction. 
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Acute myocardial infarction was produced in a group of 20. dogs 
after the selective placement of a thrombogenic copper wire by 
catheter technique into either the anterior descending or circumflex 
branch of the left coronary artery. The time of onset of thrombosis 
ranged from 1 to 4 hours. The resulting thrombus was enzymatically 
lysed 1 to 24 hours after the occlusion, and signs of infarction were 
demonstrated. The lysing agent was delivered directly into the coro- 
nary artery, by means of a catheter to the site of the thrombus. Min- 
imal amounts of the enzyme were used, and complete canalization 
of the obstructed vessel was achieved in all cases in which lysis was 
attempted. In 16 dogs, there was a definite improvement in the 
hemodynamic and biochemical indexes after lysis and reestablish- 
ment of blood flow. 


In human myocardial infarction, the finding of a coronary thrombus 
at autopsy increases with time after the onset of clinical signs and 
symptoms. Whether or not thrombosis plays a primary or secondary _ 
role in the pathegenesis of myocardial infarction, its presence results 
in cessation of blood flow through the coronary artery in question. 
Weisse et al.! have reported that autocanalization of an intracorona- 
ry arterial thrombus usually occurs within the second month after 
thrombosis. During this time, there is usually a developing collateral 
circulation to the infarcted and the bordering area. Until blood flow 
is reestablished, myocardial function will be decreased in the un- 
scarred bordering area. Fletcher and Sherry? suggested that early 
restoration of blood flow through a thrombosed coronary vessel dur- 
ing acute infarction may lead to reduction in the resulting area of in- 
farction, establishment of electrical stability and prevention of mural 
thrombi, thus preventing extracardiac thromboembolic complica- 
tions. 

Enzymatic lysis of intravascular thrombi by intravenous infusion 
of thrombolytic agents has been reported experimentally and clini- 
cally in recent years. When administered systemically, up to 1 mil- 
lion or more units were reported necessary to achieve complete disso- 


lution of a thrombus in most cases.3-4 If the lysing material is deliv- 


ered at the root of the aorta,5:® an excessive amount is still required 
before blood flow in the coronary artery beyond the occlusion is dem- 
onstrated. Two side effects related to high systemic levels of these 
lysins are hemorrhage and increased body temperature. These condi- 
tions are probably the result of increased proteolytic action by these 
drugs. 

In this report, a previously described model of myocardial infarc- 
tion’ is utilized in which helically shaped thrombogenic copper wires 
are selectively placed in the anterior descending or circumflex 
branch of the left coronary artery by a double catheter technique. 
Delivery of the lysing agent directly at the thrombus site, using the 
same catheter, should increase local fibrinolytic activity with an 
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amount less than would be required to achieve the 
same level when infused by way of other routes; it 
should also possibly reduce the severity of the side 
effects cited. 


Method 


Mongrel dogs of both sexes were used ranging in weight 
from 16 to 24 kg. Pentobarbital sodium anesthesia (12 
mg/kg, intravenously) was used as the inductant. After 
anesthesia, a base-line electrocardiogram was recorded. 
Arterial and venous blood pH, POz and PCO, were deter- 
mined together with serum glutamic oxaloacetic transam- 
inase (SGOT), creatine phosphokinase (CPK), mean aor- 
tic blood pressure and rectal temperature. 

The delivery system used to place the thrombogenic 
wires was a double catheter consisting of an outer radio- 
paque (Formacath) polyethylene catheter (inner diame- 
ter 0.071 inch, outer diameter 0.110 inch) 30 cm long and 
a vinyl (Becton Dickinson) inner catheter (inner diameter 
0.044 inch, outer diameter 0.065 inch) approximately 50 
cm in length.? 

Two types of helically shaped solid core copper wire 
(outer diameter 0.02 inch) were used in the study. One of 
these thrombogenic wires was placed in 1 of 4 different 
sites within the selected coronary vessel (Table I). The 
sites were arbitrarily designated “proximal” if the wire 
was placed 1 to 2 cm from the origin of the anterior des- 
cending or circumflex branch of the main left coronary 
artery, and “distal” if beyond these points. Blood flow 
through and distal to the wire? was not affected. The 
phasic flow pattern was altered slightly, but mean blood 
flow remained the same. 

Under fluoroscopic control (Siemen’s image intensifier), 
the tip of the catheter system was introduced into the left 
carotid artery and advanced to the root of the aorta. The 
tip of the inner catheter, holding the wire, was directed 
into either the anterior descending or circumflex branch of 
the left coronary artery. By pushing slightly forward on 
the outer catheter, and pulling back the inner catheter, 
the wire was released, allowing it to float freely down the 
selected vessel. A coronary cineangiogram was recorded 
using Hypaque 75° contrast medium after which the 
catheter was withdrawn into the outer catheter, which re- 
mained in the aortic arch. Each dog was kept lightly se- 
dated (morphine sulfate, 5 to 10 mg) through the remain- 
der of the experiment. 

The animals were monitored continuously (Astrodata 
physiologic monitoring system) and recordings made dur- 
ing the different stages of thrombosis. Verification of com- 
plete occlusion was accomplished by hand-injecting a 
small amount (1 to 2 cc/sec) of contrast medium. This 
technique did not alter the thrombus position, even after 
several injections. The coronary cineangiogram was re- 
peated; then the inner catheter was again withdrawn into 
the outer catheter and the dogs were monitored for peri- 
ods of thrombus “aging” (Table II) ranging from 1 to 24 
hours. 

The fibrinolytic solution consisted of Merck Lyovac- 
Thrombolysin® (50,000 Merck Sharp & Dohme units of 
streptokinase-activated fibrinolysin, containing 40 casein 
units) dissolved in a bottle containing 250 cc of 5 percent 
dextrose in water which was connected to the stub adapt- 
er at the end of the inner catheter by a standard veno- 
clysis set (Venopak®). Pressure was controlled by a pres- 
sure-bulb connected to the air intake valve and the rate of 
infusion by the regulating clamp on the Venopak tubing. 
The Thrombolysin was delivered just proximal to the 


TABLE | 


Position of Thrombus in the Left Coronary Artery System 
with the Average Infarction Time for Each Site After Wire 
Placement 





Average Time (min) S-T Changes 
Occurred After Wire Placement 





Wire Position in Left Procedures 1-2 Loop 4-6 Loop 
Coronary Artery (no.) Wires Wires 
Circumflex 
Proximal 2 120 (1) 50 (1) 
Distal 4 225 (2) 88 (2) 
Anterior 
descending 
Proximal 4 110 (2) 80 (2) 
Distal 10 242 (4) 58 (6) 





Figures in parentheses indicate number of experiments. 


TABLE II 


Amount of Thrombolysin and Duration of Infusion for 
Each Thrombus Age Group 








Average Amount of Average 
Lysing | Thrombolysin Infused Duration 
Age of Thrombus Experiments (Merck Sharp & of Infusion 
(hr) (no.) Dohme units) (min) 
1-2 5 18,500 46 
3-4 5 28,000 49 
6 2 32,000 42.5 
12 2 45,000 75 
24 2 52,000 90 





Wire in Anterior Descending 





1 





A B wda 
Complete Obstruction Angiogram Following Lysis 





FIGURE 1. Reproduction of several 35 mm cine frames taken 
from a coronary angiogram (right lateral position) during 1 ex- 
periment. Arrows in each picture show position of the wire with- 
in the anterior descending artery. 
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TABLE M 


Mean Values of Arterial and Venous Blood Gases and pH During Different Experimental Stages 























Arterial Venous 
PO; PCO, PG, PCO, 
Time (mm Hg) (mm Hg) pH (mm Hg) (mm Hg) pH 
Base line 87.6 45.0 7.34 42.2 55.4 7.31 
(+21) (48.6) (40.05) (46.3) (#12) (0.04) 
After wire placement 81.9 44.4 7.33 45.2 51.1 7.30 
(19) 48.5) (£0.03) (£9.6) (£9.6) (+0.04) 
During ischemia 84.8 41.8 7.35 40.8 49.8 7.29 
(T wave change (+13) (+6.9) (+0.02) (£7.5) (4,6) (+0.03) 
in ECG) ' 
During injury 93.8 43.8 7.35 41.1 54.8 7.29 
(S-T change in ECG) (+24) (9.1) (40.04) (£13) (10) (40.04) 
Before lysis 78.0 39.4 7.38 33.0 58.4 7.30 
(7.8) (+11) (0.06) (4.0) (418) (0.05) 
After lysis 86.7 39.7 7.33 41.4 51.0 7.30 
(+14) (45.7) (+0.06) (6.3) (8.5) (+0.07) 





Figures in parentheses indicate standard deviation. . 


thrombus through the inner catheter at an average rate of 
400 to 600 units/min. A priming dose of 1,000 to 1,500 
units preceded the infusion, and the delivery rate repre- 
sented a flow through the catheter of 2 to 4 drops/sec. 
«The dog was heparinized (approximately 50 units/kg, in- 
travenously) at this time to prevent rethrombosis after 
lysis. In a separate group of 4 dogs, Thrombolysin infusion 
was preceded by the administration of 150 cc of physiolog- 
ic saline solution followed by an equal volume of heparin- 
ized saline solution (20 units/cc). using the same delivery 
rate cited. No evidence of thrombus degradation or 
dislodgment was observed during or after infusion of the 
saline or heparinized saline solution. However, lysis did 
occur after thrombolysin administration. All measurements 
were obtained 30 minutes after complete thrombus deg- 
radation. The dogs were then sacrificed and the hearts 
grossly, as well as histologically, examined together with 
the 4 control hearts. 





Results 


The sequence of thrombotic occlusion after place- 
ment of the wire and recanalization after Thromboly- 
sin treatment in 1 experiment is illustrated in Fig- 
ure 1. The signs of myocardial infarction observed in 
each experiment resembled those seen clinically. A 
decrease in mean heart rate was observed with the 
onset of myocardial ischemia and the mean aortic 
blood pressure increased slightly. After the onset of 
infarction, there was a reciprocal change in these 2 
variables. Aortic blood pressure increased and the 
heart rate decreased to the prethrombosis levels after 
thrombolysis was achieved. Several parameters (Ta- 
bles IN and IV) changed significantly from their mean 
base-line values. to those obtained before lysing. 
The mean values for arterial pH (P <0.05), SGOT 
(P <0.01), CPK (P <0.01) and rectal temperature (P 
<0.05) all became elevated; aortic blood pressure (P 
<0.01) and venous POs (P <0.01) showed a signifi- 
cant decrease in mean values. After lysis the mean 
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temperature (P <0.05) and arterial pH (P <0.05) 
decreased and the venous PO2 (P <0.01) increased to- 
ward the base-line levels obtained before lysis. Al- 
though the arterial pH, heart rate, aortic blood pres- 
sure and serum enzymes did not change significant- 
ly, they, together with the other values, showed a re- 
turn toward the base-line, os 

The time intervals for complete occlusion depend- 
ed upon the overall length of the wire and the num- 
ber of loops (Table I). In the 20 dogs studied, fibrilla- 
tion developed in 6 hearts before thrombolysis 
was started. At autopsy, 4 were found to have a sep- 
tal arterial thrombus. In 2 dogs the hearts were suc- 
cessfully defibrillated and converted to normal sinus 
rhythm, and the lysing procedure was completed. The 
S-T changes observed in the electrocardiogram, evi- 
dent after complete occlusion and during the moni- 
toring phase, returned to the isoelectric level at the 
end of each procedure (Fig. 2). Q waves persisted in 
the appropriate leads in those hearts having a 






Before 
Lysis 


After 
Lysis 


FIGURE 2. Electrocardiographic tracings for leads i Ul, IH 
and V4 recorded before wire placement (top), just before lysis 
(middie) and 30 minutes after iysis was completed (bottom). 
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TABLE IV 


Mean Values of Body Temperature, Heart Rate, Systemic Blood Pressure and Serum Enzymes (SGOT and CPK) During 


Different Stages of the Experiments 


ee a LO 


Rectal Temperature Systemic Blood Pressure Heart Rate CPK SGOT 
Time (°F) (mm Hg) (beats/min) (units) (units) 
a a ee a ae 
Base line 99.9 114 135 47 42.2 
(+1.6) (415.9) (+25) (+23) (+17) 
After wire placement 99.3 112 140 42 35.1 
(+1.2) (+12.5) (+17) (+17) (+17) 
During ischemia 99.5 117 107 54 52 
(T wave change in (2.6) (+15.2) (+19) (+27) (+36) 
ECG) 
During injury 100 105 109 79 85 
(S-T change in ECG) (2.7) (20.5) (+26) (+36) (+43) 
Before lysis 101 94.8 150 252 141 
(42.3) (+24.7) (+23) (£21.5) (+97) 
After lysis 99 99 122 240 197 
(+2.6) (+22.8) (+16) (+38) (+98) 


a a RD te ht ee 


Figures in parentheses indicate standard deviation. 


thrombus age greater than 1 hour. Normal sinus 
rhythm was observed in every experiment. Arrhyth- 
mias, when present, were in the form of premature 
ventricular contractions and were amenable to ad- 
ministration of antiarrhythmic drugs (lidocaine, 1 to 
2 mg/kg, intramuscularly). Thrombolysin had no 
significant effect on variables in the control group 
of hearts not containing a wire. There was no evi- 
dence of necrosis, inflammation or hemorrhage in the 
control hearts examined histologically. 

The initial fluoroscopic evaluation of the wire posi- 
tion was anatomically confirmed at autopsy (Fig. 3). 
Each coronary artery was found patent upon longi- 
tudinal opening, and no thrombus or fragment was 
observed on or distal to the wire. There appeared to 
be less infarction in hearts of those with a “younger” 
thrombus age (1 to 4 hours) than in those with an 
“older” thrombus age (over 6 hours). 

A linear relation appeared to exist between the age 
of the thrombus and the time and amount of Throm- 
bolysin required to attain complete lysis (Table II). 
In most cases, blood flow could be demonstrated an- 
giographically within 15 minutes from the beginning 
of lysis (Fig. 1D). 


Discussion 


Several models of myocardial infarction®13 have 
been reported in which infarction is produced by dif- 
ferent means. Although these models are useful in 
the pursuit of various studies, none offers a prepara- 
tion in which myocardial infarction is produced sec- 
ondary to a slowly forming coronary thrombus, dur- 
ing which the entire thrombotic episode could be 
continuously monitored and serially recorded. Blair 
and co-workers® experimentally produced a slowly 
occluding intracoronary thrombus by placing a 
thrombogenic spiral-shaped magnesium wire under 


visual control directly through the wall and into the 
lumen of a coronary artery. This required an open 
chest approach to the coronary artery as well as ob- 
vious trauma to the vessel wall. The catheter tech- 
nique described eliminated the open chest procedure 
and trauma to the vessel wall. The onset of thrombosis 


A Circumflex branch 


aa 
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Helical wire 1 
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FIGURE 3. Anterior view of exposed heart showing wire within 
the lumen of the anterior descending coronary artery. 
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with use of a copper wire occurred within hours as 
opposed to days with use of the magnesium wire. The 
copper wire was therefore selected for this experiment. 
The configuration of the wire determined the time of 
onset of thrombosis, but there did not appear to be a 
relation between onset and the position of the wire 
within the vessel. 

The typical signs of acute myocardial infarction 
after coronary thrombosis were observed in these ex- 
periments. Clinically, elevation of the level of body 
temperature is reported 24 to 48 hours after infarc- 
tion, and in some cases, as early as 4 to 8 hours. 
However, a continuous rise in body temperature and 
serum enzyme (CPK and SGOT) levels was observed 
from the first ischemic change through infarction 
and the start of thrombolysis. During the ischemic 
period, the mean heart rate fell below the base-line 
level. The mean systemic blood pressure was slightly 
increased at this time but continued to decrease 
after signs of infarction developed until lysis was ini- 
tiated, after which it increased slightly. The cause of 
this temporary change of heart rate and mean blood 
pressure in the opposite direction is not clear. It is 
possible that the relative bradycardia is due to the 
Bezold-Jarish reflex which later is overcome by reflex 
tachycardia due to pump failure. The slight increase 
of mean pressure during the ischemic phase may be 
equivalent to a pain reaction. However, no signs of 
pain were apparent clinically. 

During the gradual encroachment of the coronary 
lumen, there was a gradual increase in mean arterial 
PO; possibly due to tachypnea during severe myo- 
cardial ischemia. The increase in mean venous PCO 
during the ischemic phase was thought to be related 
to an increase in myocardial metabolism, and the 
decrease in mean venous PO: after occlusion to the 
passive result of decreased arterial PO2. A low level 
of arterial PO. and slightly reduced PCO2 were 
observed several hours after complete obstruc- 
tion of the coronary artery. The reduction of venous 
PO» at this time was assumed to be associated with 
changes in decreased cardiac output, although this 
variable was not measured. Correction of the base 
deficit by intravenous infusion of bicarbonate ions 
during the period of infarction was thought to be the 
probable reason why only mild metabolic alkalosis 
occurred, reflected by the mean arterial pH. 

There was a return of the S-T segment to the iso- 
electric line after blood flow was restored distal to 


the thrombus. The irreversible S-T pattern after 
fibrinolysin administration reported by Dewar et 
al.14 in patients and by Moschos et al.?* in animals 
may be related to the route and length of time of 
infusion in the former and to the model used in the 
latter (electrical injury to the coronary vessel wall). 
On the other hand, Boucek and Murphy® reported 
reversal of S-T segment elevation in 8 patients dur- 
ing the convalescent period following coronary 
thrombolysis. The obstructed coronary artery in 
these cases was perfused with Thrombolysin by a 
catheter placed in the root of the aorta, which al- 
lowed a more concentrated level of lysing agent to 
reach the thrombus site within the coronary vessel. 
Lidocaine (3 to 4 mg/kg, intravenously) was used in 
these cases to correct arrhythmic episodes observed 
during the procedures. 

Moschos et al.?® speculated that the slower resto- 
ration of blood flow to the anoxic myocardium by 
lysis did not result in dysrhythmia as opposed to the 
sudden release of a mechanically occluded coronary 
artery as reported by Sommers and Jennings.16 
Whether restoration of blood flow contributed to 
electrical stability of the myocardium following coro- 
nary thrombolysis could not be answered from these 
studies, since we utilized an antiarrhythmic agent 
during the procedure. 

The return of the physiologic and biochemical 
variables to their base-line values after blood flow was 
reestablished in the coronary artery suggests an 
overall improvement of myocardial function. Less 
Thrombolysin was required for complete lysis in our 
experiments by delivering the thrombolytic solution 
directly to the site of the obstructing thrombus. 
Early lysis of intracoronary thrombi is probably 
more desirable, but it was demonstrated that a 
thrombus present for over 24 hours could be success- 
fully lysed. Although these experiments have shown 
that complete recanalization of the coronary artery 
occluded by an experimental thrombosis in the dog 
could be achieved, the results described here are not 
necessarily directly transferable to the lysis of 
human thrombi. Thrombolysin is a mixture of strep- 
tokinase and human plasmin and it is a much more 
powerful activator of dog plasminogen than human 
plasminogen. Further studies in man performed in 
the catheterization laboratory may be warranted to 
evaluate this method for the treatment of acute coro- 
nary occlusion. 
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Percutaneous Transfemoral Right Heart Catheterization 


-The Pulmonary Wedge Catheter 


“ah H: GROLLMAN, Jr., MD, A simple catheter design is presented. which allows obtaining. the 


© e Je EDSON PRICE, Jr., MD wedge position in the pulmonary lung field with a catheter passed 
_ ROBERT K. GRAY, MD from the femoral route. The catheter is made from very flexible poly- 


ethylene tubing in which a reverse curve is positioned 2.5 cm from 
its single, end hole tip. This catheter deserves trial by those physi- 
cians desiring to perform total right heart catheterization trom the 
femoral route. 


S Los Angeles, California 


Right heart catheterization by way of a femoral vein is an accepted 
approach for pulmonary angiography.1-? Its popularity is based on 2. 
considerations: (1) Simplicity of catheterizing a femoral vein percu- 
taneously and (2) avoidance of the need to sacrifice a brachial vein. 
However, there has been some concern on the part of cardiologists 
that obtaining pulmonary capillary pressure measurements from the 
‘femoral approach is impossible. Previously we have reported the use 
of a reverse curve pigtail catheter which was uniformly successful in 
catheterizing the pulmonary artery for pulmonary angiographic 
studies. From this catheter design we have developed a simple cathe- 
ter that is suitable for right heart catheterization from the femoral ` 
approach and that will invariably allow positioning of the catheter in 
the wedge position. l oor 








Materials 


After designing the reverse curve pigtail catheter for pulmonary angiogra- 
phy, we decided to use a similar design in which no pigtail or side, holes 
were used so that the catheter could be passed into the wedge position. 
However, the conventional polyethylene angiographic catheter tubing, 
which had to be large enough to allow high rates of flow, was too stiff to 
pass satisfactorily out into the lung field.* It was necessary to use a smaller, 
more flexible catheter tubing.+ This catheter is simply made by tapering it 
to a 0.045 inch guide wire and then placing a reverse curve approximately ` 
2:5 em. from its tip (Fig. 1). 


Clinical Techniques and Experience 


Over a period of 3 years we have utilized this catheter successfully 
in approximately 50 cases in which right heart catheterization was 
desired, usually in combination with left heart catheterization. The 
technique of catheterizing the pulmonary artery from the femoral 
approach with the reverse curve catheter has been previously de- 


From the Department of Radiological Soi- scribed.? The right femoral vein is recommended because it generally 


ences, Cardiovascular Section, University of allows a straighter passage into the heart. A no. 7F-Teflon dilator is 
California, Los Angeles, School of Medicine, used before introducing the wedge catheter because of the fairly large 
the Center for the Health Sciences, Los An- size of the end hole. The most difficult aspect of the catheterization 


geles, Calif. Manuscript received April 24, 
1972, accepted June 22, 1972. 
Address for reprints: J. H. Grollman, Jr., oe 


is the passage of the catheter from the right atrium into the right, 


MD; Department. of Radiological Sciences, *We have used both the grey Kifa material (U. S. Catheter. and Instrument Corp., 
University. of Galifornia, Los Angeles Center Glens Falls, N. Y.) and PERT-8.3G (Cook inc., Bloomington, Ind.). 

for the Health Sciences, Los Angeles, Calif. +We have successfully employed both the thin wall green Kifa (U. S. Catheter 
90024, and instrument Corp.) and PERT-6.? (Cook Inc.). 
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“FIGURE 1. Percutaneous transfemoral pulmonary artery seek- 
¿oing catheters. The upper. pigtail catheter is used for pulmonary 
. angiography; the lower catheter is designed to facilitate simple 
right heart catheterization. 


ventricle, which occasionally requires a tip deflector 
or more simply a leading guide wire. Once the right 
ventricle has been catheterized, the catheter is 
_ pulled back to the tricuspid valve and, if it does not 
“point by itself into the outflow tract, it is rotated up- 
_ ward and advanced into the pulmonary artery. With 
a little practice catheterization of the main pulmo- 









"PULMONARY WEDGE CATHETER—GROLLMAN ET AL. 


nary artery is usually accomplished within 30 sec- 
onds. 
Once the main pulmonary artery is catheterized 
and pressures are recorded, the wedge position is ob- 
tained merely by advancing the catheter. It may be 
necessary to pass a fairly stiff guide wire (0.045 inch) 
into the catheter just proximal to its tip. Then by 
fixing the guide wire the catheter may be fed off over 
the wire into the pulmonary artery. until finally it | 
has reached the wedge position. This step may be 
accomplished quite rapidly; the guide wire is then 
removed and the proper position ascertained both by 
pressure determination and, if possible, by an aspi- 
ration sample for oxygen saturation. It is recom- 
mended that the catheter be approximately 125 cm 
in length in order to obtain the wedge position. 
To date there have been no failures of either pul- 
monary arterial catheterization or obtaining of the 
wedge position. No significant complications have 
been encountered either locally to the femoral vein 
or to the heart except for transient extrasys- 
toles. There have been no incidents of cardiac perfo- 
ration. If pulmonary angiography is desired, the 
catheter is exchanged over a 0.038 inch Teflon wire 
with the reverse curve pigtail catheter. When a pac- _ 
ing catheter had to be passed into the right side of 
the heart we had no difficulty in doing so through an` 
appropriate Desilets-Hoffman closed-end percuta- a 
neous catheter introducer.4 es 
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Idiopathic Infantile Cardiomyopathy with Involvement 
of the Conduction System 


SHIRLEY L. KAUFFMAN, MD A 2 year old girl died of heart failure after recurrent episodes of 
NAKUL CHANDRA, MD ventricular tachycardia. At autopsy, portions of the subendocardium 
NANCY S. PERESS, MD of the left ventricular septum, bundle of His, left bundle branch and 
RAMON RODRIGUEZ-TORRES, MD, trabecular muscles were replaced or compressed by masses of 

FACC lipid-filled cells. Five additional reported cases, all with similar clini- 


Brooklyn, New York cal and pathologic features, are reviewed. 


In 1968, reports of a fatal cardiomyopathy in infants appeared in the 
United States! and Great Britain.? They described cardiac arrhyth- 
mias secondary to replacement of portions of the conduction system 
by masses of lipid-filled cells. Since then, an additional case has 
been described? under the name infantile xanthomatous cardiomy- 
opathy. The present paper calls attention to this entity by summariz- 
ing the findings in 5 published cases and adding 1 additional case of 
what appears to represent a distinct clinical and pathologic entity. 


Case Report 


A 2 year old black girl had normal growth and development. and was. en- 
tirely well until she suddenly lost consciousness and was admitted to the: 
hospital. The home had been fumigated with insecticide 2 days before her 
admission. Physical examination revealed an afebrile child with heart rate 
of 240 beats/min, respirations of 36/min, blood pressure of 130/90 mm Hg 
and temperature of 98.4F. OE E 

Laboratory data including hematocrit, white cell count, nose and throat cul- 
ture and urine analysis as well as chest roentgenogram were within normal 
limits. Monkey renal cell cultures of blood, stool and throat yielded no 
cytopathogenic organisms. 

Electrocardiogram showed premature ventricular beats and repetitive 
episodes of ventricular functional tachycardia*> (Fig. 1). Procainamide was 
administered intravenously, but the arrhythmia reverted to sinus rhythm 
only temporarily. She was digitalized, and quinidine was given to replace pro- 
cainamide. However, she continued to have paroxysms of ectopic tachycar- 
dia until the 12th day, when sinus rhythm was restored. She was discharged 
3 days later receiving maintenance doses of digoxin. z 

The patient was admitted 2 weeks after discharge because of fever and 
cough of 1 day’s duration and convulsions. Pulse was 280/min, and respira- 
tions were 24/min. Electrocardiogram showed bursts of supraventricular 
tachycardia and bouts of ventricular tachycardia similar to those on the 
first admission. Despite quinidine and digoxin therapy, she had almost con- 
tinuous tachycardia (heart rate 240 to 260 beats/min) for 3 days. On the 4th 
to 10th days, her heart rate was 140 to 180: beats/min with occasional bursts 
of ventricular tachycardia. On the 11th day, ventricular fibrillation and car- 
diac arrest developed. Successful resuscitation was followed by a second > 
cardiac arrest and congestive heart failure, terminating on the 12th day in a 
period of unconsciousness, coma and death. 





Postmortem Examinations 
From the Departments of Pathology and Di- are 
vision of Pediatric Cardiology, State Univer- Gross Autopsy Findings 
sity of New York, Downstate Medical Center, 
Brooklyn, N. Y. Manuscript received Febru- 


ary 14, 1972; revised manuscript received 


The significant findings were limited to the heart and lungs. Each pleural 
cavity contained 50 ml of clear fluid, and the lungs were edematous with a 


April 24, 1972, accepted May 24, 1972. combined weight of 150 g (normal weight). The heart weighed 76g (normal 50 

Address for reprints: Shirley L. Kauffman, g), and the left ventricular myocardium was 7 mm in thickness. The only ab- 
MD, State University of New York, Down- normality noted grossly was a slight thickening and opacity of the left ven: 
state Medical Center, 450 Clarkson Ave., tricular endocardium and the base of the mitral valve, No vascular anomalies 
Brooklyn, N. Y. 11203. were present, 
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FIGURE 1. Electrocardiograms. A, tracing at admssion 
showed regular sinus rhythm with a premature ventricular or 
junctional contraction (PVC) (QRS duration 0.12 second fol- 
lowed by full compensatory pause). B, immediately after the re- 
cording in A, paroxysmal ectopic tachycardia with a ventricular 
rate of 220/min occurred. The QRS complex was similar in 
configuration and duration to the premature contraction pre- 
viously recorded, thus suggesting the diagnosis of ventricular 
tachycardia. The recording was inadequate for analysis of the P 
wave. C, a few minutes after admission the tracing showed 
sinus beats (SB) followed by a premature ventricular or junc- 
tional contraction first and a bout of ventricular tachycardia 
soon after. A fusion beat (FB) was also identified. 


Materials and Methods 


All tissues were fixed in 10 percent formalin. Histologic 
sections of the heart, lungs, liver, spleen, kidneys, adre- 
nals, pancreas, thyroid, thymus and brain were examined. 
The ventricular septum was cut for study of the conduc- 
tion system according to the method of Lev et al.® Sec- 
tions were stained with hematoxylin and eosin, Verhoeff- 
van Gieson, trichrome, periodic acid-Schiff reagent (PAS) 
with diastase digestion, Alcian blue and Sudan black. One 
millimeter cubes of formalin-fixed subendocardial tissue 
near the base of the mitral valve were post-osmicated and 
prepared for electron microscopic studies. 

Portions of the patient’s formalin-fixed right and left 
ventricular endocardium and myocardium were weighed 
and homogenized in a Virtis R homogenizer and extracted 
in a chloroform-methanol 2:1 (percent volume in volume) 
solution. The crude lipid extract so obtained was then 
analyzed for total phosphorus and cholesterol levels by pre- 
viously described methods.7:8 Because the formalin fixative 
itself yields a high value when subjected to the orcinal 
procedure,’ glycolipids could not be measured. 

In addition, 2-dimensional thin-layer chromatography 
on Silica Gel-H (Merck), with spot phosphorus measure- 
ment, as described by Rouser,!° and ascending thin-layer 
chromatography on Silica Gel-G (Merck) in petroleum 
ether-chloroform 1:1 (percent volume in volume) followed 
by ferric chloride spray1) for sterols, was performed in 
order to measure the individual phospholipids and choles- 
terol, cholesterol-ester distribution in patient and control 
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tissues. Individual phospholipid identification was made 
upon iodine vapor staining with reference to purified stan- 
dards (Applied Science Laboratories) and with the use of 
ninhydrin and orcinal sprays. 


Histologic Findings 

The significant histologic findings were limited to the 
heart, in which left ventricular myocardial hypertrophy, 
endocardial thickening and subendocardial collections of 
abnormal cells resembling histiocytes were seen. These 
cells were 20 to 40 u in greatest dimension, and had 
abundant finely vacuolated cytoplasm and small hyper- 
chromatic nuclei. They were most abundant in the left ven- 
tricular subendocardium (Fig. 2 to 5) where they formed a 
nodular mass several millimeters thick at the base of the 
posterior leaflet of the mitral valve (Fig. 2); the mass ex- 
tended onto the inferior surface of this leaflet and lateral- 
ly to the aortic valve. Inferiorly a sheet of similar cells ex- 
tended to the apex of the left ventricle and partially re- 
placed the papillary and trabecular muscles as well as 
focal areas of left ventricular myocardium near the left 
bundle branches. Zones of necrosis with lymphocytic infil- 
tration were present within the larger cell accumulations 
(Fig. 3). The right ventricle, right bundle branch and an- 
terior wall of the left ventricle were not involved. 

Histochemical studies showed that the abundant cyto- 
plasmic vacuoles stained for lipid with Sudan black, 
whereas minute cytoplasmic particles stained irregularly. 
Most stained with phosphotungstic acid, some particles 
were glycogen-positive, and others were positive for muco- 
polysaccharide with Alcian blue. 

Examination of subendocardial tissue by electron mi- 
croscope revealed numerous foci of reticulin fiber synthe- 
sis and partial autolysis of the abnormal cells. The vacu- 





FIGURE 2. Section through the ventricular septum showing 
the tricuspid valve (T), mitral valve (M), A-V node (AV), fibrous 
ring (F), and a subendocardial nodule composed of lipid-filled 
cells (S) which extend onto the inferior surface of the mitral 
valve and inferiorly to the apex of the left ventricle. Numbers 
refer to the approximate location of the following microphoto- 
graphs. 
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FIGURE 3. Area of necrosis and inflammation found within 
masses of lipid-filled cells. (Hematoxylin and eosin X150, re- 
duced by 28 percent.) 


oles, seen with light micrescope, appeared to be degener- 
ating mitochondria with still recognizable cristae; be- 
tween these were remnants of filaments. Nuclei with large 
inclusions were examined for virus particles, but none 
were found. 

Conduction system: Sections of the sinoatrial node 
and atrial appendage showed focal collections of swollen 
lipid-filled cells in the vicimity of the nodal tissue, but it 
could not be determined whether these represented re- 
placement of conduction or connective tissue. The atrio- 
ventricular (A-V) node was entirely normal (Fig. 2), as was 
the bundle of His, up to its penetration of the fibrous ring. 
Here groups of enlarged, vacuolated cells were found with- 
in the His fibers and in the left bundle branches as they 
passed between the subendocardial nodule (S, Fig. 2) and 
the fibrous septum. The Purkinje fibers of the left bundle 
branches appeared to be infiltrated and replaced in some 
areas by these subendocardial cells (Fig. 4A) while show- 








FIGURE 4. A, the Purkinje fibers of the left bundle branch 
are partially replaced by vacuolated cells with small hyperchro- 
matic nuclei. Subendocardial tissue on the top. B, cytoplasmic 
continuity between these vacuolated cells and the Purkinje fi- 
bers is seen. (Verhoeff-Van Giesen X250, reduced by 30 per- 
cent.) 


ing cytoplasmic continuity with the lipid-filled cells in 
other areas (Fig. 4B). The left atrial myocardium was also 
a site of lipid-cell replacement (Fig. 5); here large hyper- 
chromatic nuclei with bizarre intranuclear inclusions were 
seen. 


Biochemical Findings 


Quantitative analysis of the total values of phospholipid 
and cholesterol in the patient’s myocardium and endocar- 
dium of both the left and right ventricle revealed no es- 
sential differences in the total values between left and 
right sides. The myocardium was richer than the endocar- 
dium in phospholipid (8.02 percent of the dry tissue 
weight compared to 2.72 percent). Total cholesterol values 
for the 4 tissues studied ranged from 0.57 to 0.97 percent 
of the dry tissue weight. Cholesterol was present predomi- 
nantly in its nonesterified form. 

Despite the similarities in the total values, there was a 


FIGURE 5. A, small focus of ab- 
normal cells in atrium above fi- 
brous septum. (X150, reduced by 
42 percent). B, hyperchromatic 
nuclei with marginated chromatin 
and inclusions. Similar nuclear 
changes were found in various loca- 
tions. (Hematoxylin and eosin 
900.) 
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variation in the left ventricular endocardial phosphatide 
distribution when compared to that of the right ventricu- 
lar endocardium and to recorded values of beef conduction 
bundle. 

Unfortunately, no published data on human endocardial 
phospholipids are available for comparison. However, 
since there appears to be little or no species variation in 
vertebrate phospholipids when similar tissues are com- 
pared,?? we included an analysis of beef conduction bun- 
dle in Table I. The left ventricular endocardium con- 
tained relatively more phosphatidyl serine, phosphatidy] 
ethanolamine plus polyglycerol phosphatide and less 
phosphatidyl choline and phosphatidyl! inosital plas lyso- 
phosphatidyl choline that the patient’s right vertricular 
endocardium and beef conduction bundle. Glycolipids and 
triglycerides could not be analyzed. 


Discussion 


< Review of literature: Five reported cases, as well 
as the present one, are summarized in Table II. As 
far as we can determine, Wegman and Egbert’s pa- 
tient,14 a 10 month old girl who died after sudden 
onset of atrial tachycardia, was the first patient with 
this cardiomyopathy to be described. Although 
pathologic changes were interpreted as rhabdomyo- 
mas, the photomicrographs demonstrated finely vac- 
uolated cells rather than the “‘spider-cells” of a typical 
glycogen tumor of the heart. The uncertain nature 
of the cellular change accounts for the various names 
given to this disease; isolated cardiac lipidosis (Case 
4), infantile cardiomyopathy with histiocytoid reac- 
tion (Cases 2 and 3) and xanthanomatous cardio- 
myopathy (Case 5). 

Clinical course: All patients so far have been fe- 
male infants with a strikingly similar clinical course. 
Symptoms have begun after 12 months of age, and 
none have survived past the second year. One infant 
died suddenly (Case 2), others presented with sud- 


TABLE Hl 
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TABLE | 


Phosphatide Distribution in Endocardial Tissue of the Patient 
and in Beef Conduction Bundle* 


Patient’s Endocardial 





Gas UE Soe E 
Left Right Conduction 
Ventricular Ventricular Bundle! 
Phosphatidyl ethanolamine + 21.9 11.2 
polyglycerol phosphatide 
Phosphatidyl ethanolamine ll 
Polyglycerol phosphatide rat Lacs 4 
Phosphatidyl choline 19.2 36.2 39 
Sphingomyelin 30.6 21.9 26 
Phosphatidyl serine 16.4 7.3 8 
Phosphatidyl inositol + 7.9 14.6 
lysophosphatidyl choline 
Phosphatidy! inositol ER To 5 
Lysophosphatidy! choline EE sia trace 
Other 4.0 8.8 7 
Total 100.0 100.0 100.0 


ett Di a ea na te mt See 
*Values expressed as a percentage of total lipid phosphorus, 


den onset of vomiting and tachycardia (Cases 3, 4, 5 
and 6), and 2 infants initially had convulsions (Cases. 
1 and 6). Various arrhythmias were noted in the 5 
infants’ admitted to the hospital: atrial flutter (Case 
1), atrial tachycardia (Case 2), supraventricular ` 
tachycardia with right bundle branch block (Case 4) 
and ventricular tachycardia (Cases 5 and 6). 
Pathologic findings: The heart was hypertro- 
phied in the 5 cases in which the weight was given. 
Subendocardial masses of abnormal cells were some- 
times noted grossly and were consistently found mi- 
croscopically. These were most often located at the 
base of the mitral valve and the left ventricular sep- 


Reported Cases of Infantile Cardiomyopathy with Involvement of the Conduction System 




















ERS ele Findings EEE ES Autopsy Findings 
Age ae es ma Heart 
Case (mo.) Duration Weight 
(Ref.) & Sex Before Death Type Arrhythmia (8) Location of Abnormal Cells 
Įm 10F 3 mo. Pallor, AF (240/min) 81 interventricular septum, 
convulsions mitral valve ring, papillary 
muscle 
2} 13F og Sudden death A it Subendocardium, 
3} 16F 4 days Vomiting, left ST, RBBB 65 Subendocardium, LV septum, 
hemiplegic A-V nodal region 
4: 16F 6 weeks Pallor, vomiting AT (300/min) 80 Interventricular septum, 
mitral valve ring, S-A node 
58 13F 3 days Vomiting, VT (200/min), 65 Subendocardium (LV and RV), 
tachycardia Fib, CHF conduction system (LV) 
6* 24F 41 days Vomiting, VT 76 Subendocardium (LV); His 
convulsions bundie, mitral valve ring 








* Present case. 


AF = atrial flutter; AT = atrial tachycardia; A-V = atrioventricular; CHF = congestive heart failure; Fib = fibrillation; LV = 
tricular; RBBB = right bundle branch block; RV = right ventricular. 
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tum although the right heart chambers have also 
been affected. Various parts of the conduction sys- 
tem have been invaded or replaced by lipid-filled 
cells; among these are the sinoatrial node (Case 4), 
the bundle of His (Case 8), left bundle branch (Cases 
5 and 6) and A-V node (Case 3). Endocardial fibro- 
elastosis was described in Cases 2, 3 and 6. 

Nature of abnormal cells: The various names 
given to this disease have reflected uncertainty as to 
whether to classify the cells as “storage cells,” xan- 
thoma cells, degenerative myocardial cells or Pur- 
kinje fibers. Results of postmortem histochemical 


"> studies have varied, but in all cases in which fat 


stain studies were made, results were positive in at 
least some cells, and the results of stains for carbo- 
hydrate and mucopolysaccharide were irregular. 
Probably we are justified in concluding that lipid is 
the most consistent component. 

Although the masses of lipid-filled cells histologi- 
cally resemble the. xanthoma (juvenile xanthogranu- 
loma) which may appear in infancy or early child- 
hood,4:15 the observation that both myocardial fi- 


bers and connective tissue cells are affected in this 


disorder (Case 5 and present case) cannot be ex- 
plained by neoplasia of histiocytes. More emphasis 


: should perhaps be placed on the myocardial necrosis 


and inflammation (also seen in Cases 2 and 3) and 
unusual inclusions in the present case. These degen- 
erative changes in myocardial tissue and the accu- 
mulation of lipid-filled cells may represent cellular 
injury of an unrecognized type rather than neoplasia. 
The altered pattern of phospholipid distribution in 
the patient’s left ventricular endocardium, where the 
lipid-filled cells were present in greatest numbers, is 


c> of interest. Phospholipids appear to occur almost ex- 


clusively as membrane components, each with its 


own characteristic phosphatide profile.1?.17 The 
polyglycerol phosphatide, cardiolipin, is found in rel- 
atively high concentration in mitochondria.!® It is 
possible that the elevated value of phosphatidy] 
ethanolamine plus polyglycerol phosphatide (car- 
diolipin) is a reflection of the large numbers of mito- 
chondria in these abnormal cells. 

The distribution of the lipid-filled cells, primarily 
found in the subendocardial connective tissue adja- 
cent to the A-V valves and extending toward the 
A-V node, is of interest. Embrologically, these re- 
gions are closely related as the A-V node and the 
posterior attachments of the atrioventricular valves 
are brought to the interior of the heart by the inward 
migration of the posterior endocardial cushion (see 
discussion of James?%). The possibility that this re- 
gion may have distinct derangements is also suggest- 
ed by the case described by Strauss and Platt?’ of 
atypical gargoylism in which the pathologic changes 
were limited to the fibrous ring of the mitral valve, 
adjacent conduction system, subendocardium of the 
left ventricle and trabecular muscle. 


Addendum 


An additional case of cardiomyopathy with ventricular 
tachycardia in a 16 month old female has been reported.?4 
The authors found focal collections of swollen cells within 
the myocardium, but not in the conduction system. Elec- 
tron microscopic study of these cells showed them to be 
filled with hyperplastic mitochondria. 
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Hemodynamic data from 100 patients, all 1 year old or older, with 


complete transposition of the great arteries are reviewed. The de=. . 


gree of intercirculatory mixing was correlated. with the number and 
site of anatomic communications between the 2 circuits and also 
with the total flow through the pulmonary circuit. The mixing in pa- 
tients with only 1 anatomic communication between the 2 circuits. 
was generally equally good whether the communication was an atrial 
septal defect or a ventricular septal defect. The average mixing in 
patients with 2 communications was only slightly greater than that in 
patients with 1 communication. The evidence indicates that, in this 
select group of patients who are at least 1 year old, factors other. 
than the number and location of potential mixing sites are important 
in determining the degree of mixing achieved. Total flow through the 
pulmonary circuit seems to be of great importance. Patients with a 
high level of pulmonary flow achieve good mixing. As total pulmo- 
nary flow decreases, generally secondary to increasing pulmonary — 
stenosis or pulmonary vascular disease, intercirculatory mixing de- 
creases substantially. 


In complete transposition of the great arteries, the systemic and pul- 
monary circuits are in parallel, and the exchange of blood between 
the 2 circuits (intercirculatory mixing) is mandatory to sustain life. 
The degree of mixing between the 2 circuits is one of the factors that 
determines the systemic arterial saturation and the resultant Poy at 
which oxygen is supplied to the tissues. Intercirculatory mixing may 


take place only at intracardiac and extracardiac anatomic communi- ` 


cations between the 2 circuits. The number, size and position of 
these communications would be expected to contribute to the degree - 
of mixing achieved. The rate of blood flow through the respective cir- - 
cuits also might influence this mixing. This paper examines the de- 
gree of mixing in 100 patients with transposition of the great arteries 
and correlates mixing with the number and position of the anatomic 
intercirculatory communications, as well as with the rate of flow 
through the pulmonary circuit. 


Material and Methods 


Data were obtained from 100 patients (72 male and 28 female} with com- 
plete transposition of the great arteries who were catheterized at the Mayo- 
Clinic between 1962 and 1970. All patients were 1 year old or older ab 
catheterization (range 1 to 19 years). All patients had uncomplicated com- 
plete transposition; patients with associated tricuspid atresia, pulmonary 
atresia or single ventricle were excluded. In every case, the diagnosis was, 
established by angiocardiography. Sixty-four of the 100 patients eventually — 
underwent corrective surgery. 

All patients were studied while breathing either room air or a mixture of 
nitrous oxide and oxygen, with a Po, of 200 mm Hg or less. Most. patients. 
received premedication, usually a mixture of meperidine (Demerol®),: pro- 
methazine (Phenergan®) and chlorpromazine (Thorazine®). 
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TABLE I 


Sites of Anatomic Communications and Comparison of Effective Pulmonary Flow Index (Intercirculatory Mixing) in 100 
Patients with Communications at 1, 2 and 3 Sites 


e tte A TA I 


Effective Pulmonary Flow index 











Patients mere = eta stake eee tts estes 
Communication (no.) Range Mean, >15 >20 
r a er 
1 Site 60 0.8-2.8 1.5 30/60 (50%) 8760 (13%) 
ASD 25 0.8-2.4 1.5 12/25 (48%) 3/25 (12%) 
VSD 35 0.9-2.8 1.5 18/35 (51%) 5/35 (14%) 
2 Sites 38 0.9-2.7 1.7 24/38 (63%) 10/38 (26%) 
ASD and VSD 31 0.92.7 1.7 18/31 68%) 8/31 (26%) 
VSD and Blalock-Taussig 5 1.1-2.5 1.7 4/5 (80%) 1/5 (20%) 
anastomosis (1) or PDA (4) ` 

ASD and PDA 2 1.6-2.2 1.9 2/2 (100%) 1/2 (60%) 

3 Sites 2 
ASD, VSD, and PDA 2 2.2-2.8 2.5 2/2 (100%) 2/2 (100%) 


connate ntnnaneeneememeritiniinannimaninucniestiinanenmeermmniatttitt EE aaaea 


ASD = atrial septal defect; PDA = patent ductus arteriosus; VSD = ventricular septal defect. 


At least 1 hemoglobin determination was obtained for 
each patient during the study. In patients who had signif- 
icant loss of blood or who had received fluids intravenous- 
ly during the study, hemoglobin determinations were re- 
peated during the catheterization. 

The pulmonary artery was entered in 93 of the 100 pa- 
tients. Total pulmonary blood flow was calculated only for 
these 93 patients. 

The atrial septum was considered intact if it could not 
be crossed with a catheter, if oximetric data showed no 

' increase in oxygen saturation between the superior vena 
cava and.the right atrium, and if angiocardiograms 
showed no evidence of an atrial septal defect. 

Forty patients had intact atrial septum and ventricular 
septal defect: 35 with ventricular septal defect alone, 4 
with ventricular septal defect and patient ductus arte- 
riosus, and 1 with a functioning Blalock-Taussig anastomo- 
sis. Thirty of these patients underwent operation, and the 
presence of an intact atrial septum was confirmed in all. 
Four of the 30 had a probe-patent but valve-competent 
foramen ovale. 

Sixty patients had atrial septal defect. Twenty of the 60 
patients had undergone a previous Blalock-Hanlon opera- 
tion, and 6 had undergone balloon septostomy. Thirty- 
four of the 60 patients with evidence of atrial septal defect 
at catheterization underwent operation, and this defect 
was found in each. 

Ventricular septal defect was diagnosed by angiocardi- 
ography and catheterization in 73 patients. Forty-five of 
these patients eventually underwent operation, and a 
large septal defect was confirmed in each. In all patients 
with ventricular septal defect in this series, the size of the 
defect was such that the right and left ventricular pres- 
sures were essentially equal. One patient with a very 
small defect (2 mm in diameter at operation) and a left 
ventricular pressure that was 30 percent of the right ven- 
tricular pressure was grouped with the patients who had 
intact ventricular septum. Of the remaining 26 patients 
who were diagnosed angiccardiographically as having an 
intact ventricular septum, 18 underwent operation, and 
the diagnosis of intact septum was confirmed. 

Seven of the 9 patients who had either patent ductus 
arteriosus or a functioning Blalock-Taussig anastomosis 
underwent operation, and a communication at the great- 
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vessel level.was confirmed in each. In none of the other 57 
patients operated on was an unexpected communication 
at great-vessel level found at operation. The relatively few 
patients with patent ductus arteriosus in our. series, as 
compared to series reported by others,! may reflect the 
fact that all of our patients were l year old or older. _ 

In the calculation of pulmonary flow and effective pul- 
monary flow, the following formulas were used: 


Pulmonary flow = O2 consumption / 
(pulmonary venous O2 content minus 
pulmonary artery Oz content) (1) 
Effective pulmonary flow = O2 consumption / 
(pulmonary venous O2 content minus 
systemic mixed venous Oz content) (2) 
An assumed oxygen consumption was assigned, based on 
the patient’s sex, age and heart rate.? 

Patients with transposition of the great arteries over 
any length of time shunt an equal amount of blood in 
each direction:?+ The amount of this intercirculatory 
mixing is easily calculated (Formula 2) and is referred to 
as effective pulmonary flow:? In this paper, the terms “ef- 
fective- pulmonary flow” and “intercirculatory mixing” are 
used synonymously. 


Results 


Effect of number and location of anatomic com- 
munications between the pulmonary and systemic 
circuits on intercirculatory mixing: Table I lists 
the anatomic site where intercirculatory mixing 
could take place in the 100 patients. Of the 25 pa- 
tients with atrial septal defect alone, 8 had under- 
gone a Blalock-Hanlon procedure and 5 had under- 
gone balloon septostomy. Twelve of the 31 patients 
with the combination of atrial and ventricular septal 
defects: had undergone a previous Blalock-Hanlon 
procedure. One patient with this combination had 
previously undergone balloon septostomy. Neither of 
the 2 patients with communication at 3 sites had un- 
dergone a previous palliative procedure. 

Table I also shows the intercirculatory mixing 
achieved by the patients in the various groups. 
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There was little difference in mixing ability in the 25 
patients with atrial septal defect alone, compared to 
that in the 35 patients with ventricular septal defect 
_ alone. The mean effective pulmonary flow was iden- 
tical in the 2 groups, and the percentage of each 
group achieving an effective pulmonary flow of 1.5 or 
=- greater and 2.0 or greater was similar. The mixing 


achieved in patients with 2 potential mixing sites 


was only slightly greater than in patients with only 1 
level of communication. 

Both patients in this series with communications 
at 3 levels (atrial septal defect, ventricular septal de- 
fect and patent ductus arteriosus) had excellent 
` intercirculatory mixing. 

Effect of total pulmonary flow upon intercircu- 
„latory mixing: Figure 1 shows the total pulmonary 
flow index plotted against the effective pulmonary 
_. flow index for the 93 patients whose pulmonary arte- 
tial blood sample was obtained and whose total pul- 

monary flow could be calculated. Statistical analysis 
< revealed a significant direct relation (P <0.01) be- 
tween these 2 indexes for the entire group of 93 pa- 
tients. Figures 2 to 4 plot the same indexes with the 
patients grouped according to the sites available for 
intercirculatory mixing. For the 25 patients with an 
atrial septal defect only (Fig. 2), there was a signifi- 
_ eant direct relation (P <0.01) between total pulmo- 
`: nary flow and effective pulmonary flow. There was 
_ also a significant relation (P <0.01) between these 

indexes for the 35 patients with communications at 2 
or more levels (Fig. 4). The only group in which 
there was no statistically significant relation between 
these 2 indexes is that of the 33 patients with a ven- 
tricular septal defect as their only potential mixing 
site. The reason for the lack of relation in this group 


=: may be variations in position of the septal defect, a 


point that will be discussed further. 

In an attempt to analyze these data further, pa- 
tients were divided into 2 groups: group 1, those with 
total pulmonary flow index of 6.5 or greater (Table 
Il) and group 2, those with an index of less than 
6.5 (Table III). A total pulmonary flow index of 
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FIGURE 3. Comparison of pulmonary flow with effective pul- 
monary flow in 33 patients with ventricular septal defect. 
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FIGURE 1. Comparison of pulmonary flow with effective pul- 
monary flow in 93 patients with complete transposition of: the 
great arteries. Open square, ASD; open circle, VSD: solid 
square, VSD and ASD; cross, ASD and PDA; solid triangle, VSD 
and PDA or Blalock-Taussig. anastomosis; solid circle, ASD, 
VSD, and PDA. (Same symbols for Figures 2 through 4.) 
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FIGURE 2. Comparison of pulmonary flow with effective pul- 
monary flow in 25 patients with atrial septal.defect. 
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FIGURE 4. Comparison of pulmonary flow with effective pul- 
monary flow in 35 patients with 2 or more communications be- 
tween the circuits. 
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: “TABLE Il 
Effective Pulmonary Flow Index in 56 Patients with Total Pulmonary Fiow Index of 6.5 or More 
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Effective Pulmonary Flow Index 














Patients __— ee, 
Communication* (no.) Range Mean >15 >20 
Socata See a ae re at cara seh IN a RT e E re 
ASD 17 1.2-2.4 1.7 11/17 (65%) 3/17 (18%) 
VSD 20 0.9-2.8 1.7 13/20 (65%) 5/20 (25%) 
ASD and VSD 11 1.4-2.7 2.0 10/11 (90%) 6/11 (55%) 
VSD and Blalock-Taussig 4 1.1-2.5 1.8 3/4 (75%) 1/4 (25%) 
anastomosis (1) or PDA (3) 
ASD and PDA 1.6-2.2 1.9 2/2 (100%) 1/2 (50%) 
ASD, VSD, and PDA 2 2.2-2.8 2.5 2/2 (100%) 2/2 (100%) 
Total 56 0.9-2.8 1.8 41/56 (73%) 18/56 (32%) 
Bc a rc ip eet nein einer 
TABLE M 
-> -Effective Pulmonary Flow Index in 37 Patients with Total Pulmonary Flow Index of Less Than 6.5 
: Effective Pulmonary Flow Index 
Patients in wana : x EETRI EET 
Communication (no.) Range Mean 215 >20 
ASD 8 0.8-1.6 1.2 1/8 (13%) 0/8 (0%) 
VSD 13 1.0-1.9 1.3 5/13 (38%) 0/13 (0%) 
ASD and VSD 15 0.9-2.0 1.4 6/15 (40%) 1/15 (7%) 
VSD and PDA 1 T 1.5 1/1 (100%) 0/1 (0%) 
Total 37 0.8-2.0 1.3 13/37 (35%) 1/37 (8%) 
einai titi 
TABLE IV 


Comparisen of Effective Pulmonary Flow Index in 93 Patients with 1 or 2 Anatomic Sites of Communication Between the 
> 2 Circuits and with Total Pulmonary Flow Index (TPFI) of Greater Than or Less Than 6.5 


Effective Pulmonary Flow Index 








Patients ax 

Communication o (0.) Range 

1 Site 
TPFI < 6.5 21 0.8-1.9 
TPFI > 6.5 37 0.9-2.8 

2 Sites (or more) 
TPFI < 6.5 16 0.9-2.0 
TPFI 2 6,5 19 1.1-2.8 


Mean 215 | >20 

1.3 6/21 (29%) 0/21 0%) 
1.7 24/37 (65%) 8/37 (22%) 
1.4 7/16 (44%) 1/16 (6%) 
2.0 17/19 (90%) 10/19 (53%) 


O AA E EAE a naaa 


6.5 was arbitrarily chosen as the dividing line be- 
tween the 2 groups, since it was found in à previous 
“review? that, in patients with transposition of the 
great arteries, a large ventricular septal defect and 
‘without pulmonary stenosis, operation could not be 
“performed because of severe pulmonary vascular dis- 


ease if the total pulmonary flow index was lower than 


this level. 

Comparison of patients in group 1 (Table II) with 
those in group 2 (Table III) revealed that patients 
with greater total pulmonary flow (group 1) consis- 

- tently have an average greater effective pulmonary 
flow than do those with decreased total pulmonary 
flow and corresponding anatomic sites of communi- 
cation between the 2 circuits. Of those patients with 
a total pulmonary flow index of less than 6.5 (group 
2, Table III) only 35 percent achieved an effective 
pulmonary flow index of 1.5 or greater, and only 3 





percent achieved an effective index of 2.0 or greater. 
In patients with a total pulmonary flow index greater 
than 6.5 (group 1, Table II), the corresponding fig- 
ures are 73.and 32 percent. o oo oo 

Table IV shows the data on the 93 patients 
grouped in a slightly different manner. In this table, 
it is of particular interest to compare the level of 
mixing in the 37 patients who had a communication 
at only 1 site and increased total pulmonary flow 


with that of the 16 patients who had 2 sites of com- 


munication but relatively decreased total pulmonary 
flow. The mixing is seen to be ‘greater in the former 
group. It would therefore seem that in this select 
group of patients with transposition of the great ar- 


teries who survived to at least. 1 year of age, the de- 


gree of mixing was more dependent on the total flow 
through the pulmonary circuit than on the number 
of sites available for mixing. 
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Comment 


Factors influencing intercirculatory mixing: 
Many factors can influence achievement of intercir- 
culatory mixing in patients with complete transposi- 
tion of the great arteries. In the infant who during 
the first few days of life has severe hypoxia secondary 
to inadequate mixing, mixing is nearly always ham- 
pered by the limited size of the anatomic communi- 
cations between the 2 circuits. Often this infant has 
an intact ventricular septum and a closed or closing 
ductus arteriosus. For such infants, surgical or bal- 
loon atrial septostomy to enlarge the only potential 
mixing site is mandatory if the patient is to sur- 
vive, 5.6 

Pulmonary blood flow and intercirculatory mix- 
ing: Once the patient has survived the neonatal pe- 
riod, factors other than the number and size of the 
potential mixing sites become increasingly important 
in determining the ability to mix. The data from our 
group of patients indicate that a high level cf blood 
flow through the pulmonary circuit is associated 
with maximal intercirculatory mixing. Children with 
transposition who survive the neonatal period often 
become less cyanotic after age 1 month. This im- 
provement in their clinical condition may be due 
partially to increased mixing secondary to increasing 
total. pulmonary blood flow as their pulmonary vas- 
<- cular bed matures and pulmonary resistance de- 
" creases. 

Shaher* and Noonan et al.> have commented on 
the apparent inverse relation between the values for 
total flow through the pulmonary and systemic cir- 
cuits in complete transposition. The data in this se- 
ries help explain this finding. As total pulmonary 
blood flow decreases, usually secondary to increasing 
pulmonary stenosis or pulmonary vascular disease, 
intercirculatory mixing decreases. A decrease in mix- 
ing results in a decrease of the systemic arterial satu- 
ration. This systemic hypoxia leads to a decrease in 
the systemic resistance and an increase in the total 
flow through the systemic circuit. It is possible to 
postulate an unfavorable cycle of events triggered by 
a decrease in total flow. through the pulmonary cir- 
cuit that ultimately. leads to diminution in intercir- 
culatory mixing, increased systemic flow and in- 
creased systemic hypoxia. Increasing cyanosis in the 
patient over 1 year of age with transposition suggests 
that pulmonary vascular disease or pulmonary ste- 
nosis is developing. In patients who have reached this 
age, increasing cyanosis is ‘more likely the result of 
decreasing total pulmonary blood flow than of de- 
creasing size of the anatomic communications be- 
tween the 2 circuits. 

Size and position of the ventricular septal de- 
fect: Factors other than the total pulmonary blood 
flow and the number and site of anatomic communi- 
cations between the 2 circuits can be important in 
determining the amount of mixing achieved. Other 
contributing factors are the actual size of the septal 
defects, location of the defects on the atrial and ven- 
tricular septae, blood viscosity and, perhaps, the rel- 


ative compliance of the 2 ventricles. Figure 1 shows 
that 1 patient with a ventricular septal defect alone 
had a total pulmonary flow index of 15.4 and an ef- 
fective pulmonary flow index of only 0.9. Another 
patient with a ventricular septal defect as the only 
mixing site had a total pulmonary flow index of only 
3.6 but an effective flow index of 1.9. Both of these 
patients underwent corrective surgery. The first pa- 
tient with the poor mixing, despite a high level of 
total pulmonary flow, was found at operation to have 
2 “moderately large” ventricular septal defects. 
However, both defects were noted to be well anterior 
and to lie entirely within the muscular ventricular ` 
septum. The second patient, with the relatively high: 
effective pulmonary flow index of 1.9 despite a rela- 
tively low total pulmonary flow index of 3.6, was 
noted at operation to have 1 “large” ventricular sep- 
tal defect extending posteriorly beneath the pulmo-" 
nary artery. The impression in correlating catheteri- 
zation findings of patients with complete transposi- 
tion with postmortem specimens at our institution is ` 
that unusually good mixing is often achieved by pa- 
tients who have a ventricular septal defect that ex- 
tends well posteriorly to a position beneath the pul- 
monary artery (Prachuabmoh and Titus, unpub- 
lished data). The difference in the ability to achieve 
mixing demonstrated by these 2 patients may be pri- 
marily related to the difference in position of their: 
defect on the ventricular septum. If a patient with a 
large defect has poor mixing despite increased total 
pulmonary blood flow, the defect may be in a disad- 
vantageous position for mixing, probably anterior in 
the muscular septum. In such a case mixing may be 
significantly increased by atrial septostomy. 

Occasionally, a ventricular septal defect will de- 
crease in size or close spontaneously in patients with 
transposition.1 If a patient with a ventricular septal 
defect as his only mixing site shows evidence that 
the defect is small (left ventricular pressure signifi- 
cantly less than right ventricular pressure), an atrial 
septostomy or total correction should be performed 
without delay. We have not seen such a patient at this 
institution. 


Role of pulmonary vascular disease: In patients — 


with complete transposition and a large ventricular 
septal defect without pulmonary stenosis, severe pul- 
monary vascular disease is likely to develop at an 
early age. T8 Most institutions now favor early band- 
ing of the pulmonary artery of these patients in an 
attempt to protect the pulmonary vascular bed.? 
Banding of the pulmonary artery decreases the total 
flow through the pulmonary circuit and so would be 
expected on the basis of our data to decrease 
intercirculatory mixing. Our findings suggest that 
some decrease in mixing and the resultant lowering 
of systemic arterial saturation is the price that has to 
be paid in this attempt to protect the pulmonary 
vascular bed, even if a Blalock-Hanlon operation is 
also performed at the time of the banding. 

Role of bronchial collateral vessels in mixing: 
Any discussion of intercirculatory, mixing in trans- 
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- position of the great arteries must include the role of 
bronchial collateral vessels in achieving mixing. Bur- 
_ chell}° has raised the question of extensive bronchial 
collateral blood flow which at cardiac catheterization 
leads to errors in the calculation of pulmonary flow 
and resistance. No studies measuring bronchial col- 
lateral flow in transposition of the great arteries are 
available. However, the cardiovascular surgeons at 
` our institution, who have performed more than 100 
cardiopulmonary bypass operations in patients with 
complete transposition, note that these patients have 
little evidence of collateral bronchial flow at the time 
‘of operation, with the exception of patients who have 
severe pulmonary stenosis or pulmonary arterial 
banding. With the patient on cardiopulmonary by- 
pass, such flow manifests itself as excessive return of 
blood to the left atrium and increases the difficulty 
of surgical repair. Thus, the stimulus for the devel- 
opment of increased bronchial collateral flow proba- 
bly is a significantly decreased total pulmonary 
blood flow. This decrease. does not occur to any large 
extent in patients with transposition of the great ar- 
teries unless they also have severe pulmonary ste- 
nosis. Whether patients with severely decreased pul- 
monary blood flow secondary to pulmonary vascular 
disease will gradually gain increased bronchial col- 
laterals is not known, since these patients have not 
undergone operation. However, the conclusions 
drawn from our study regarding the ability of pa- 


tients with anatomic communications at various lev- 


els to achieve intercirculatory mixing probably are 


- not subject to large errors because of great variations 


in the ability of different patients to achieve sub- 
stantial mixing through bronchial collateral vessels. 


Conclusions 


The ability to achieve intercirculatory mixing in 
transposition of the great arteries depends on several 


factors. These include the number, size, and position 
of the anatomic communications. between the 2 cir- 
euits and total blood flow through the pulmonary 
eircuit. In the very young infant who has severe hyp- 
oxia secondary to poor mixing, the ability to mix is 
usually limited by the lack of anatomic communica- 
tions of adequate size between the 2 circuits. Such 
an infant needs balloon or surgical atrial septostomy 
to survive. For the child who survives the neonatal 
period, the additional factors that influence mixing 
become important. Our data indicate that a high 
level of blood flow through the pulmonary circuit is 
conducive to achieving optimal intercirculatory mix- 
ing. Children more than 1 year old who have poor 
mixing probably have decreased pulmonary blood 
flow, secondary to increasing pulmonary stenosis or 
pulmonary vascular disease, rather than inadequate 
anatomic communications: between the 2 circuits. 
Children with an atrial or ventricular septal defect 
alone who survive to age 1 year have nearly as good 
intercirculatory mixing on the average as patients 
with both an atrial and a ventricular septal defect. 
Our findings indicate that most patients over age 1 
year with a large ventricular septal defect alone will 
not experience great improvement in mixing by the 
creation of an additional atrial. septal defect. An ex- 
ception is the patient with a large ventricular septal 
defect located in an unfavorable position for mixing, 
probably in the anterior muscular septum. In pa- 
tients with a large ventricular septal defect who are 
subjected to banding of the pulmonary artery, some 
decrease in intercirculatory mixing must be expect- 
ad, even if surgical atrial septostomy is also per- 
formed at the time of banding. Increasing cyanosis in 
the patient with transposition who is more than 1 
year old should immediately suggest the possibility 
that pulmonary stenosis or pulmonary vascular dis- 
ease is developing. 
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Most arterial complications occurring after arterial catheterization in 
children are related to errors in either judgment or technique. Tec 
nical problems can be minimized if adequate provision is made f 
(1) exposure, light and instruments, (2) assistance, (3) arteriotomy, 
(4) antegrade and retrograde flow, and (5) vessel closure. The 
major error in judgment is failure to recognize that absent or weak- 
ened distal pulses signify arterial obstruction. 


During a recent luncheon panel on cardiac catheterization in chil- 
dren, at the Twenty-First Annual Scientific Session of the American 
College of Cardiology, it became evident that arteriotomies by physi- 
cians not familiar with the principles of vascular surgery are com- 
monplace in the catheterization laboratory. It was also revealed that. 
(1) many cardiologists incise the artery longitudinally, and (2) man: 
use a purse-string suture for closure. ; 
Since improperly performed arteriotomies may result in bleeding 
or serious vascular obstruction in the immediate postoperative peri- 
od and in chronic ischemia in later life, it is probably worthwhile to 
review some of the principles and the precise surgical techniques in- 
volved in the incision and repair of small vessels. 





-The Principles 

The principles are: ae 

1. Adequate light, instruments and exposure are essential, as ino 
any surgical procedure. Adequate proximal and distal exposure of 
the vessel is important in order to gain control should bleeding occur 
anc to allow adequate room for subsequent arterial repair. 

2. Adequate assistance. Although surgeons require at least 1 or 2 
people to assist them during arterial procedures, it is common in 
many catheterization laboratories to have this procedure performed 
by a single cardiologist who has received no formal training in the- 
principles and techniques of vascular surgery. 

3. The arteriotomy should be transverse and should equal or ex- 
ceed the size of the catheter so that the lateral wall of the vessel does 
not tear when the catheter is inserted. 

4, Adequate antegrade and retrograde flow must be demonstrated 
before closing the artery by intermittently opening the arterial : 
clamps. A Fogarty catheter should be gently passed if good flow is = 
not achieved in either direction. 

5. Upon closure of the vessel, meticulous intimal approximation 
should be accomplished with horizontal mattress sutures. This will 
prevent narrowing of the arterial lumen and prevent subsequent inti- 
mai flaps and false aneurysm formation following closure. 

6. A palpable distal pulse that is not delayed should occur afte 
completion of the repair. If this pulse is absent or delayed, the anas- 
tomosis must be assumed to be clotted. 
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The Surgical Technique 


The technique of arteriotomy and catheter inser- 
tion are illustrated in Figure 1. During performance 
of a brachial arteriotomy, the arm should be left flat 
on the operating table (Fig. 1A). An adequate seg- 
ment of vessel is exposed both proximally and distal- 
ly and encircled with an umbilical tape or large su- 
ture. The adventitia should be stripped from the sur- 
face of the vessel so that more accurate catheter 
placement and arterial repair can be accomplished 
at a later time (Fig. 1B). The vascular clamps are 
applied proximally and distally at the furthest ends 
of the exposed vessel and the clamps are brought to- 
gether gently to relieve tension on the vessel when 
the arteriotomy is made. The arteriotomy is made 
transversely with a no. 11 blade (Fig. 1C). A full 
thickness of the lateral portion of the arteriotomy is 
gently grasped to allow placement of the catheter at 
an angle of approximately 15° so that the posterior 





FIGURE 2. Diagrams illustrating removal of catheter and re- 
pair of vessel. 


FIGURE 1. Diagrams illustrating the 6 steps 
involved in arterial cannulation. 


intima is not disrupted (Fig. 1D). This also prevents 
lateral tearing of the intima. The catheter is placed 
so that it abuts the proximal clamp (Fig. 1E), and 
the umbilical tape or double suture is made to fit 
snugly so that the proximal clamp can be removed 
and the catheter passed retrograde into the aorta 
and left side of the heart (Fig. 1F). 

Upon removal (Fig. 2), the catheter is withdrawn 
beyond the point of the proximal occluding clamp 
and, as this clamp is reapplied, the double throw 
suture is released and the catheter removed (Fig. 
2A). A small pillow is placed under the hand so that 
the arm is bent and tension is removed from the ves- 
sel (Fig. 2B). Before placement of the closing su- 
tures, we always open the proximal and distal clamp 
intermittently to demonstrate adequate antegrade 
and retrograde flow (Fig. 1C). If this flow is not ade- 
quate, a small Fogarty catheter is placed in the di- 
rection of inadequate flow. Interrupted 5-0 mattress 
sutures are then placed so that the intima is visual- 
ized both proximally and distally (Fig. 2D). These 
are secured while tension on the vessel is relieved by 
bringing together the proximal and distal vascular 
clamps (Fig. 2E). 


The Complications 


Figure 3 shows an arteriotomy that is too small. 
The catheter must therefore be placed in the vessel 
in a more perpendicular plane than usual, and the 
possibility of disrupting the posterior intima exists 
(Fig. 3A). When blood flow is reestablished, the dis- 
tal posterior intima may become raised, causing a 
posterior intimal flap which occludes the vessel and 
leads to subsequent thrombosis (Fig. 3B). Further- 
more, the damaged intima of the posterior arterial 
wall may form a nidus for subsequent clot formation 
(Fig. 3C). 

The second complication is inadequate arterial 
closure (Fig. 4A). If the intima of proximal and dis- 
tal portions are not satisfactorily approximated, a 
distal anterior intimal flap can develop, causing sub- 
sequent thrombosis (Fig. 4B). It is more important 
to incorporate the distal than proximal intima in the 
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suture line if only one of these can be found. In addi- 
tion, inaccurate closure may allow blood to extrava- 
sate into the adventitial layer and eventually cause a 
false aneurysm (Fig. 4C). 

Figure 5 shows the consequences of using an arte- 
rial purse-string suture (Fig. 5A). Although the su- 
ture is placed longitudinally and the vessel incised in 
that direction, it is frequent for the vessel to tear ob- 
liquely if the arteriotomy is not adequate. When the 
purse-string suture is secured, tension is created on 
the lateral adventitial wall, the strongest portion of 
the vessel, and this tension may lead to vascular nar- 
rowing (Fig. 5B). The narrowing may not be readily 
appreciated when the vessel is inadequately exposed 
and the arterial closure viewed in the anteroposterior 
plane. Figure 5C shows the appearance of the nar- 
rowed artery when seen laterally. In addition, the 
purse-string suture placed in the adventitia does not 
approximate the intimal margins, and a posterior in- 
timal flap or subsequent false aneurysm formation 
can occur (Fig. 4). 

The next complication is that of using a longitudi- 
nal arteriotomy which is closed in that direction 
(Fig. 6A). This will inevitably lead to narrowing of 
the vessel despite the most meticulous attempts at 
closure (Fig. 6B). If a longitudinal arteriotomy is 
made, it should be closed transversely (Fig. 6C). 























SSSA SSS 


Post. intimal injury 


FIGURE 3. Diagrams illustrating the consequences of inade- 
quate arteriotomy. 








FIGURE 5. Diagrams illustrating the consequences of purse- 
string suture. 
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Comment 

Complications occurring after arterial catheteriza- 
tion in children must be considered related to 1 of 3 
factors: (1) errors in judgment, (2) errors in tech- 
nique, or (3) the basic nature of the tissues involved. 
Because peripheral arteries of children are usually 
normal, most complications following arterial cathe- 
terization are related to errors in either judgment or 
technique. 

The predominant error in judgment is failure to 
recognize the potential complication of an absent 
distal pulse and to seek comfort in a warm limb 
which is assumed to have an adequate circulation. A 
warm viable limb does not prove the absence of arte- 
rial compromise. Although collateral flow may be 
adequate to maintain the viability of the limb, oc- 
clusion of a major vessel may limit potential in- 
creased flow when the limb is exercised. This may 
lead to subsequent claudication and possible limita- 
tion of limb growth. Complications can occur despite 
the most meticulous attempts at adherence to these 
technical principles outlined, especially in patients 
with cyanotic heart disease with polycythemia and 
subsequent high potential for thrombosis. Neverthe- 
less, we believe that attention to these principles will 
minimize complications and extend the safety of ar- 
terial catheterization in children. 











FIGURE 4. Diagrams illustrating the consequences of inexact 
closure. 





FIGURE 6. Diagrams illustrating the consequences of a longi- 
tudinal arteriotomy. 
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Adolf Fick, talented in mathematics and: physics, gave to medicine 
and physiology the precision and methodology of the physical sci- 
ences. His principle for determining the cardiac output is used many 
times each day in cardiologic centers. His studies of myocardial me- 
chanics led to the Frank-Starling law of the heart. Strangely, Fick 
has been forgotten. This précis of his life and work serves to recall 
an investigator and a period in medicine that deserve remembrance. 


In present day cardiology, the name. of Adolf Fick is invoked daily for 
his principle of determining cardiac output and quantitating intra- 
cardiac shunts. Nevertheless, i in 1970, the centenary of Fick's princi- 
ple went uncelebrated in the worlds of cardiology and physiology. 
The purpose of this précis of Fick’s work and life is to help history 
repay its acknowledgment to a forgotten genius of physiology. 


Adolf Fick was born in 1829 in Cassel, Germany, the youngest of 9 chil- 
dren, into the bosom of a family of scholars. His father was an architect; 
two of his brothers were professors, Ludwig of anatomy and Heinrich of law. 
Because young Fick showed an unmistakable talent for mathematics and 
physics, he was.persuaded by his brother Heinrich to study medicine for the 
prescient reason that mathematics would be an asset in medical research. 
At Marburg’s medical school Adolf began a life-long friendship. with Carl 
Ludwig, whom Fielding Garrison called “perhaps. the greatest teacher of 
physiology who ever lived.” After graduation, Fick started up the academic 
ladder, beginning as prosector in anatomy under his. brother, later. joining 
Carl Ludwig in Zurich whom, after a proper time, he succeeded as professor 
of physiology. There he married; one of his sons became an anatomist, an- 
other a jurist, seemingly following their uncles. After 16 years in Zurich, he 
was called to Würzburg to succeed. von Bezold.in the chair of physiology. 
For 31 years he taught and researched, and. created an institute of physiolo- 
gy famed for both its brick-and-mortar aspect. and its research attitude. 
When he was appointed rector of the university, Darwinism was the subject 
of his inaugural eration. On his 70th birthday, he voluntarily. retired: from 
teaching, stating that younger men should instruct. Despite his salutory ap- 
pearance, Fick died only a year later of apoplexy. In 1929, his sons founded 
the Adolf Fick Fund, which every 5- years awards a prize for an outstanding 
contribution to physiology. 


The Fick Principle. 


Fick was the first to become aware of the relation between the 
blood flow and gas exchange in the lungs. He reasoned that the vol- 
ume of blood flowing through the lungs was: equivalent to the cardiac 
output. His cogitations were probably as follows. Since the output 
values of the right and left ventricles in the basal state are the same, 
the flow of blood through the lungs must be equal to the ventricular 
output. Oxygen is absorbed as the blood traverses the lungs. There- 
fore, the volume of blood flowing through. the. lungs and its equiva- 
lent, the ventricular output, can be measured. What resulted was his 
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suggestion that the cardiac output could be calculat- 
ed from the oxygen consumption of breathing. divid- 
ed by the difference in oxygen content of the blood 
between the left and right heart chambers. 

Fick’s principle is symbolized in the following for- 
mula: Cardiac output (liters/min) = oxygen con- 
sumption (ml/min) /arteriovenous oxygen difference 
(ml /liter). 

Fick! stated: 


“It is astonishing that no one has arrived at the fol- 
lowing obvious method by which [the amount of blood 
ejected by the ventricle of the heart with each systole] 
may be determined directly, at least in animals. One 
measures how much oxygen an animal absorbs from the 
air in a given time, and how much carbon dioxide it 
gives off. During the experiment one obtains a sample 
of arterial and venous blood; in both the oxygen and 
carbon dioxide content are measured. The difference in 
oxygen content tells how much oxygen each cubic centi- 
meter of blood takes up in its passage through the 
lungs. As one knows. the total quantity of oxygen ab- 
sorbed in a given time one can calculate how many 
cubic centimeters of blood passed through the lungs in 
this time. Or if one divides by the number of heart 
beats during this time one can calculate how many 
cubic centimeters of blood are ejected with each beat of 
the heart. The corresponding calculation with the quan- 
tities of carbon dioxide gives a determination of the 
same value, which controls the first.” 


Hence, if one knows the difference in amount of any 
substance, natural (oxygen) or introduced (a dye or 
other indicator) which enters and leaves an organ, 
the difference in concentration permits the calcula- 
tion of the volume of flow from that organ. Funda- 
mentally, Fick’s principle is an application of the law 
of conservation of mass, since the volume of oxygen 
taken up by the lungs must be equal to the amount 
of oxygen used by the tissues. 

Of Fick’s presentation the late and great W. F. 
Hamilton? offered this evaluation: 


“This much quoted paragraph has been little read, be- 
cause it carries a very simple message that is self-evi- 
dent, once it is grasped, and needs no careful re-read- 
ing. It is much quoted, because it is a turning point in 
the development of the quantitative measurement of 
blood flow, and from its central idea or principle have 
come many and various techniques that have given us 
the soundest measurements of the output of the heart 
and the flow of blood through organs.” 
This is reminiscent of Sir Benjamin Ward Richard- 
son’s remark about Edward Jenner's 64 page Inquiry 
into inoculation against smallpox: “No book so small 
has been talked about so much; no book has been 
read from the original so little; no book of such di- 
mensions has made the name of the author so fa- 
mous, ”3 


Experimental Proof 


Strangely, Fick did not obtain experimental data 
to support his famous pair of paragraphs. He ex- 
cused himself because the demonstration of the 
method required 2 gas pumps, which he lacked. In 
his report, his calculations were based on the arterio- 
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venous difference in the dog obtained by Scheffer in 

Ludwig’s laboratory. Although Fick did not pursue 
studies of the cardiac output, his Compendium der 
Physiologie des Menschen, which had 4 editions be- 


tween 1860 and 1891, discussed the principle fully = 


and gave 4.6 liters/min as the resting cardiac output 
of man. Because of his apparently cavalier attitude 
toward his principle, it has been suggested that the 2> 
paragraphs were presented by Fick as a caprice of a- 
clever mind. In fact Yandell Henderson argued, 
Hamilton‘ reports, that the Fick method should be 

named after Zuntz and Hageman, whose work is de- 

scribed later. However, it is certain that Fick had 

been studying the cardiac output for some time, be- | 
cause a year before he had announced his assumed 

caprice he had published on the ventricular stroke’ 
volume determined by plethysmography of the fore- 
arm. (His estimate of 50 to 73 ml was quite valid.): 
Nevertheless, Fick’s contemporaries, if one can judge 

from the eulogy read by von Frey,® Fick’s successor, 

were not overwhelmed by his principle, because the 

only acclaim it received was its listing among the 

collected papers. 

Fick seems not to have been perturbed by lack of 
experimental proof for his principle. It is conceivable 
that he did not attempt to exploit it because the 
analysis of blood gases by the blood-gas pump de- 
vised in 1859 by Ludwig and Setchenow was un- 
trustworthy. It is possible his genius for abstract 
thought about the circulation recognized that until 
mixed venous blood could be readily obtained from 
man the principle would remain unproved. When he 
was 26 years old, he published what is known to 
physicists as Fick’s diffusion law: Diffusion in solu- 
tions is proportional to the concentration gradient." 
It is an analogy of Fourier’s theory of heat transmis- 
sion in a conductor. Experimental proof came 25 
years later, while Fick was living. Apparently, his 
aptitude and training in mathematics and physics 
enabled him to recognize scientific truths long before 
his colleagues. This alone distinguishes the genius 
from the able investigator. 

Three years before Fick died in 1901, Zuntz and 
Hageman® passed a tube through the jugular vein of 
the horse to obtain right atrial blood, taking advan- 
tage of the animal’s slow clotting time. This was not 
particularly novel; Claude Bernard?’ had used such a 
tube in 1876 and had named the procedure cardiac 
catheterization. This monumental study of the me- 
tabolism of the horse at rest and during work by 
Zuntz and Hageman included calculations of cardiac 
output by Fick’s principle. Governed by their era, 
they concentrated on metabolic studies, not hemody- 
namics. Coincidentally in the same year, Fritz 
Bleichréder!°® persuaded his colleagues to thread a 
catheter into his own basilic and femoral veins. In 
his report, published 7 years later, he described only 
his trials in patients of intraarterial chemotherapy. 
He does not mention Fick's work. 

Fick’s principle was not verified in man until 1930, 
because proof had to await a method of obtaining 
mixed venous blood. Baumann and Grollman™ re- 
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ported puncturing the right ventricle of their human 
subjects with a spinal-tap needle inserted just to the 
right of the sternum. The investigator of today will 
be horrified that this intrepid pair discovered that 
the pain of the arterial puncture increased the cardi- 
ac output by a liter or more if arterial puncture pre- 
ceded ventricular puncture. So they warned their 
readers not to inform their subjects: 


“If one carries out the entire procedure involved in re- 

moving blood from the right heart during the period of 

a single circulation of the blood and the subject is una- 

ware of the nature of the contemplated procedure the 

effect of psychic disturbance is avoided ... Hence, the 
arterial puncture necessary in applying the direct Fick’s 
principle always followed the heart puncture.” 

In the same year, Klein? also supplied proof of 
Fick’s principle. He obtained mixed venous blood to 
calculate the cardiac output in man by inserting a 
_ rubber tube into the right heart by way of the medi- 
an basilic vein in the fashion Forssmann had courag- 
ously carried out on himself only a year before. It re- 
mained for James Warren to demonstrate in 1948 
that truly mixed venous blood was more certainly 
obtained from the pulmonary artery. Thus, Fick’s 
majestic principle was immutably verified 60 years 
after its enunciation. For their use of cardiac cathe- 
terization in the study of hemodynamics and cardio- 
vascular disease in man, Werner Forssmann, Andre 
Cournand, and Dickinson Richards shared the Nobel 
Prize for medicine in 1956. 


Clinical Applications and Problems 


Whereas blood sampled from any artery of the 
body contains the same content of oxygen, venous 
blood varies in oxygen content with the vascular bed 
it drains. Venous return from the warm skin and 
kidneys carries a much higher oxygen content than 
blood depleted by exercising muscle or blood from 
the coronary sinus that drains the ever-active myo- 
cardium. The blood entering the right atrium in 
laminar jets from the superior and inferior venae 
cavae and the coronary sinus stream together in the 
right ventricle and are completely mixed in the pul- 
monary artery. Hence, blood drawn from peripheral 
veins cannot be used in the Fick calculation. The 
years between Fick and Cournand are embellished 
with the names of brilliant and ingenious researchers 
who tried to measure the cardiac output in man by 
using a substitute for mixed venous blood. These 
procedures, most of them attempting to equilibrate 
expired air with alveolar blood gases, became known 
as the indirect Fick method. Others used acetylene 
and various foreign gases. George Neil Stewart in 
1897 began to measure cardiac output calculated 
from indicator-dilution techniques, which has after 
40 years evolved into the thermal dilution method. 
Regardless of the indicator or detector, Fick's princi- 
ple is fundamental to the calculation. 

Fick’s principle is infallible only in theory. The 
blunders that can occur, according to Guyton, 13 are 
not owing to defects in the principle, but to faults in 
using it. He classifies the errors into 3 categories: (1) 
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errors in sampling and analysis, (2) errors caused by 
a changing cardiae output, and (3) errors caused by 
changing respiratory conditions. Even if a steady 
state is achieved, the Fick method, Visscher and 
Johnson" argue, yields falsely low results in severe 
hypoxia and spuriously high calculations of the pul- 
monary blood flow in intracardiac and great vessel 
shunts, because samples of blood drawn over any pe- 
riod of time are time-average and not volume-aver- 
age specimens. Minor errors are also introduced by 
the cyclic changes in circulation rate governed by 
respiration. Instantaneous integration of the uptake 
of oxygen and the arteriovenous difference remains a 
goal for the future. Nevertheless, 102 years after 
Fick, the errors are small and in no way diminish the 
value of Fick’s principle. 


Fick, the Physiologist 


Adolf Fick was a member of a small group of late 
19th century physiologists who gave precision to 
physiology by their study of living organisms by the 
methods of physics. Vitalism was their demon, and 
their leader was Carl Ludwig, whose graphic record- 
ing of the circulation was his battleground with the 
vitalists. On the contrary, Johannes Muller and von 
Liebig believed, in the words of the latter, 1° “the liv- 
ing body cannot be viewed as a chemistry laborato- 
ry.” Von Liebig had been disputed by Fick’s prede- 
cessor in the chair of physiology at Zurich, Jacob 
Moleschott, who in 1852 considered life a process of 
metabolism and thought an activity of the brain. Sup- 
porting Fick, his only American student, Jacques 
Loeb, wrote in 1912 The Mechanistic Conception of 
Life. Although this debate of a century ago seems 
creakingly old-fashioned, Nobel laureate Francis 
Crick1!6 wrote in 1965 of contemporary molecular 
biology: 


“I also suspect that many workers in this field and re- 
lated fields have been strongly motivated by the desire, 
rarely actually expressed, to refute vitalism ... even 
molecular biology has a vitalist fringe as can be seen 
from a paper published a few years ago in Nature with 
the title Urge and Molecular Biology.” 


Undeniably, Fick's consuming interest was the 
mechanics of skeletal muscle. His first arbeit, sug- 
gested to him while he was a medical student by 
Carl Ludwig, investigated the torque exerted on the 
femur by the muscles of the hip-joint. For the next 
48 years, despite numerous digressions, he studied 
the physiology of muscle, which resulted in 37 papers 
plus the initiation of 16 doctoral dissertations. 

The terms isotonic and isometric in relation to 
muscular contraction were conceptualized and de- 
fined by Fick. When a muscle is constantly stretched 
by and contracts against a light weight, the muscle 
twitch inscribes an isotonic curve. Most of the ener- 
gy liberated appears as mechanical ‘force applied to 
the recording lever; only a small fraction is tension. 
On the other hand, if a muscle contracts against a 
spring of great resistance, the curve is isometric. 
Change in length is prevented by the spring; only 
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change in tension is recorded. The fruition of his ef- 
forts was the conclusion that, during muscular con- 
traction, chemical energy is transformed directly into 
kinetic energy. Moreover, the strength of contraction 
was related to the length of the fiber. The latter 
proposition, known as Fick’s law of skeletal muscle, 
was utilized by Otto Frank1? in his classic experi- 
ments on the dynamics of cardiac muscle. He wrote, 
“T have shown in this paper that the difference in the 
courses of isometric and isotonic curves in skeletal 
muscle, as discovered by Fick, also exists in cardiac 
muscle.” Of the 26 references in Frank’s paper, 5 
refer to articles by Fick. It is not demeaning to Star- 
ling to visualize him, in his hands his elegant heart- 
lung preparation, standing with his feet on the 
shoulders of Adolf Fick and Otto Frank. The Arbeit- 
sammler, or work-adder was invented by Fick to en- 
able him to demonstrate that, both in muscle and in 
a machine, the principle of conservation of energy 
holds. Starling used Fick’s work-adder as an analogy 
to explain the work of the heart with its preload and 
afterload. Today, the work-adder would be called, in 
computer terminology, an integrator. 


Fick, the Medical Physicist 


Fick was unquestionably the Columbus of medical 
physics. His pioneering supplied the instruments and 
methods of physics which blessed physiology with 
precision. The plethysmograph, the pneumograph, 
the pendulum-myograph, the collodion membrane, 
the dynamometer, the myotonograph, the cosine 
lever, an improved thermopile and an improved an- 
eroid manometer were all Fick’s innovations. His for- 
mula relating deformation of the cornea to intraocu- 
lar pressure (the Imbert-Fick law) refined applana- 
tion-tonometry for the diagnosis of glaucoma. The 
most accurate applanation-tonometer used: today, 
the Goldmann instrument, is based on Fick’s stud- 
ies. These and other interests can be seen in his 
monograph, Medizinische Physik, published in 1856, 


References 


1. Fick A: Uber die Messung des Biutquantums in der Herz- 
ventrikein. SB phys-med.ges Würzburg, July 9, 1870 (Note: 
Fick’s publications have been collected in Schenk F: Adolf 
Fick Gesammelte Abhandlungen, Wurzburg, 4 volumes, 
1903-1905) 

2. Hamilton WF: Measurement of the cardiac output. tn, 
Handbook of Physiology, section 2, Circulation, vol 1 (Ham- 
iton WF and Dow P, ed). Washington, DC, American Physi- 
ological Saciety, 1962, p 567 

3. Fisk D: Dr. Jenner of Berkeley. London, Heineman, 1959, 
p 132 

4. Hamilton WF: The physiology of the cardiac output. Circu- 
lation 8:527, 1953 

5. Fick A: Die Geschwindigkeitskurve in der Arterie des le- 
bender Menschen. Untersuch Physiol Lab Zürischer Hoch- 
schule 1: 51, 1869 

6. von Frey M: Gedachtnisrede mit einem Verzeichnis von 
Adolf Fick’s Schriften. S B phys-med ges Würzburg, Nov. 
14, 1901 

7. Tyrrell HJV: The origin and present status of Fick's diffu- 
sion law. J Chem Educ 41:397, 1964 

8. Zuntz N, Hageman D: Untersuchingen Uber der Stoffwech- 
sel des Pferdes bei Ruhe und Arbeit. Landiw Jb 27, 1898 






















ADOLF FICK—-SHAPIRO 


when he was 27 years old. It was the first book of its 
kind, and went through 4 editions. In many ways, it 
may be considered a miniature of Otto Glasser’s 
monumental Medical Physics of 1944 et seq. Fick’s 
text begins with molecular physics (the diffusion of- 
gases and water, filtration, endosmosis), continues- 
with mechanics (articulations, statics and dynamics 
of muscle), hydrodynamics of the circulation, sound 
recordings of circulatory events, the problem of ani- 
mal heat and the conservation of energy, optics and 
color vision and closes with the measurement of 
bioelectric phenomena. i 

If Fick is the forgotten man of physiology, he isi 
also the forgotten man of physics. Although it cannot 
be denied that his name is eponymically remem: 
bered in medicine, physiology and physics, the man 
has been forgotten. He is not included, for example 
in John Fulton’s Selected Readings in the History of 
Physiology. Fick’s major contribution to physics is — 
the fundamental law of diffusion which bears his 
name. It states that the flux of a diffusing solute is 
proportional to the first. ‘power of its. concentration © 
gradient. Wrote the physicist Tyrrell:7 


“Clearly, Fick’s ideas have proved fruitful for more than. 
a century, almost as fruitful in fact as the very similar 
ideas of Ohm in the field of electrical conduction, and 
of Fourier in that of heat conduction. Yet his: paper on 
diffusion is usually misquoted; his name, unlike those of 
Fourier and Ohm doés not appear in general works of 
reference in English, such as the Encyclopedia Britan- 
nica or Chamber’s Encyclopedia, and the details of his 
career are unknown to most physical scientists, though. | 
not to physiologists.” 


Faraway fields have always appeared greener, even ` 
fields of science. 
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A 2 month old infant had coronary arteries that were not connected 
to either the aorta or pulmonary artery but arose from the right ven- 
tricle and several associated anomalies: atresia of the pulmonic 
valve with intact ventricular septum, a small right ventricle and an 
Ebstein-like anomaly of the tricuspid valve. Cardiac catheterization 
and autopsy data are employed to discuss the abnormal perfusion of 
the myocardium which led to subendocardial infarction. 


The following case of a congenitally anomalous heart in which the 
coronary arteries arose from the right ventricle is reported because it 
presents certain problems in coronary circulation, is documented 
clinically and anatomically, and is unique in our experience. There 
was no connection between the coronary arteries and aorta or pulmo- 
nary artery. In addition, there was atresia of the pulmonic valve with 
intact ventricular septum and an Ebstein-like malformation of the 
tricuspid valve. 


Case History 


A 2 month old white male infant was admitted to Children’s Hospital of 
Pittsburgh because of cardiomegaly and congestive heart failure: The prod- 
uct of an uneventful pregnancy and delivery, he weighed 8 lb., 6.5 oz. at 
birth. Even though cyanosis. was noted early in life, he was discharged from 
the hospital at age 7 days. At home he was dusky at rest and became blue 
on crying. One day before admission he was admitted to another hospital 
with congestive heart failure; he was digitalized and transferred to Children’s 
Hospital. : ; 

On admission he was tachypneic and mildly cyanotic. Cyanosis became 
intense with crying. The peripheral pulses were generally decreased, and 
the liver was enlarged to the umbilicus. A grade 2/6 continuous murmur 
could be heard along the right and left sternal borders, and the second 
heart sound was toud and single at the left base. A roentgenogram revealed 
striking cardiomegaly (Fig. 1), and the electrocardiogram showed left atrial 
enlargement and left ventricular preponderance (Fig. 2). The hemoglobin 
was 18 g/100 mi and the hematocrit was 58 percent. Serum glutamic 
oxaloacetic transaminase and lactic dehydrogenase values were 150 and 540. 
units, respectively. 

Cardiac catheterization was performed by way of the right saphenous 
vein, and pulmonic atresia with intact ventricular septum, a small right 
ventricle and trieuspid insufficiency were demonstrated. Pressure tracings 
in the right and left atria had dominant A waves, and mean pressures were 
equal in the 2 chambers. On breathing room air the aortic saturation was 82 
percent, but on breathing oxygen by mask the saturation increased to 86 
percent with pH of 7.36 and PO: of 45 mm Hg. A right ventriculogram 
showed immediate filling of several arteries from the small ventricular cavi- 
ty. One vessel passed inferiorly to course down the medial inferior border of 
the left ventricle; other branches from the superior portion of the small 
right ventricle followed the left border of the left ventricle (Fig. 3A). One 
and a half seconds after these vessels were visualized the contrast medium 
had passed through these large vessels and formed a halo-like shadow 
around the outer margin of the left ventricular myocardium (Fig. 3B). In 
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the next 1.5 seconds an opacified structure was noted in 
the area of the coronary sinus and, from this, contrast 
medium was seen emptying into the right atrium. The 
vessels originally filling from the right ventricle were no 
longer visualized. A left ventriculogram showed a large 
poorly contracting left ventricle, and moderate mitral 
insufficiency was present. An aortogram showed a normal 
ascending aorta from which no coronary arteries were seen 
to emerge (Fig. 3C). Pulmonary arteries filled by way of 
the patent ductus arteriosus. 

Myocardial dysfunction was evident; no surgical proce- 
dure was contemplated, since circulation to the lungs was 
adequate. In spite of medical treatment with digitalis and 
diuretic agents and other supportive measures, the course 
was ingravescent, and the infant died at age 2 months, 6 
days. 


Autopsy Findings 


Death was caused by congestive heart failure associated 
with an anomalous structure and myocardial infarction. 
The significant findings were confined to the heart. The 
cardiac malformation consisted of pulmonic atresia, an 
Ebstein-like insertion of the tricuspid leaflets and an 
anomaly of the coronary arteries. 

The coronary arteries arose from the right ventricular 
cavity below the insertion of the tricuspid leaflets. They 





FIGURE 1. Chest roentgenogram illustrates cardiomegaly and 
increased pulmonary vascular markings. There is also left upper 
pulmonary lobe atelectasis. 
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were not connected by any channel to the aorta or pulmo- 
nary artery, and there was no semblance of a coronary os- 
tium in either of these major vessels. Gross dissections 
demonstrated 7 separate connections of coronary arteries 
with the right ventricle. Five of these connecting channels 
gave rise to vessels anteriorly. Three were to coronary ar- 
teries having their subepicardial courses beginning in the 
anterior interventricular sulcus. Two superior channels 
supplied the largest of the coronary arteries; one entered 
in the middle of the septum; the other, near the atrioven- 
tricular sulcus (Fig. 4A). This artery gave off a large cir- 
cumflex branch that ran in the atrioventricular sulcus giv- 
ing branches to the left ventricle and left atrium. In the 
other direction, this artery was not directed to the apex 
but gave off branches that dipped quickly into the left 
ventricle. The apex was supplied by a small artery that 
had a separate connecting channel to the right ventricle. 
Two small channels near the base connected to small ar- 
teries that supplied the right atrium. The remaining 2 
right ventricular connecting channels supplied 2 arteries 
in the posterior interventricular sulcus (Fig. 4B). The 
courses of these arteries were to the posterior portion of 
the left ventricle. 

The structure of the connecting channels was that of 
endocardium and subendocardial tissue. Fibroelastic 
change became progressively more severe as the epicar- 
dium was approached. The larger arteries that lay subepi- 
cardially had an atypical structure as endocardium blend- 
ed gradually into arterial structures. They resembled elas- 
tic rather than muscular arteries, and smooth muscle fi- 
bers were scanty in the walls of the large subepicardial 
vessels. Normally structured small muscular arteries were 
present deep in the myocardium. 

The veins were normally formed and drained to a nor- 
mal coronary sinus. Their courses were completely inde- 




















FIGURE 2. Electrocardiogram showing axis +50, left atrial 
enlargement, prolonged P-R interval and left ventricular prepon- 
derance and ischemia. 





FIGURE 3. Angiocardiograms. A, right ventriculogram. The right ventricular cavity is small. Coronary arteries fill from the right ven- 
tricular sinusoids. Tricuspid insufficiency is present. B, later phase of right ventricular injection shows contrast medium persisting, 
halo-like, in left ventricular myocardium. (See arrows.) C, aortogram shows no coronary arteries arising from the aorta. 
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pendent of the position of the arteries and were approxi- 
mately normal. 

The myocardium of the left ventricular wall was severe- 
ly altered, probably by ischemia. The inner third, except for 
a thin rim of 1 to 4 fibers immediately adjacent to the en- 
docardium, was replaced by fibrous scar, calcific foci and 
regions of recent coagulation necrosis (Fig. 5). The myo- 
cardium of the outer two thirds was hypertrophic. The 
most severe fibrosis and calcification were in the papillary 
muscles. The heavily trabeculated right ventricular myo- 
cardium was only slightly altered by mild, focal subendo- 
cardial scarring. 


Discussion 


Grossly visible communications between the right 
ventricular cavity and major coronary arteries have 





FIGURE 4. Heart at autopsy. A, 
in the anterior view, 3 connections 
between coronary arteries and the 
small right ventricle (V) are visible. 
The 2 upper connecting channels 
are to the same large artery. The 
course of the latter is to the left 
ventricular myocardium directly 
and by way of a circumflex branch. 
The third connection is to a small 
apical artery. The thin endocardial 
lining persists until the sinus ap- 
proaches the epicardial position 
where the thick pale fibroelastic 
arteries are seen. P = pulmonary 
artery. B, in the posterior view, 2 
coronary arteries are seen arising 
from the right ventricle (V). The 
larger, with its branches directed 
to the left ventricular apex, is infer- 
ior to the smaller, which runs just 
below the atrioventricular groove. 
The open arrow points to a vein 
which has a course unrelated to 
the arteries. 


often been observed in association with pulmonic 
atresia and intact ventricular septum.!-? What makes 
this heart unique is the absence of any connection 
between the aorta or pulmonary artery and the coro- 
nary arteries. The large number—7—of cardiocoro- 
nary fistulas also distinguishes this heart. 
Embryogenesis of this lesion is by no means clear. 
It is known that coronary arterial sprouts develop 
from the aorta in the 7 week embryo, about 4 weeks 
after the heart has been beating effectively.4 The 
coronary circulation develops concomitantly with the 
condensation and proliferation of myocardium to 
form the dense outer wall of the ventricles. As the 
coronary circulation forms, and before the myocar- 
dial capillaries are well developed, arteriosinusoidal 


FIGURE 5. A low power photomicrograph 
illustrates the changes in the left ventricle. 
The endocardium is more trabeculated than 
normal. A thin, barely discernible layer of 
myocardial fibers separates the fibrous en- 
docardium from the pale scar that irregularly 
occupies approximately the inner third of the 
wall. Black foci are calcifications. Small foci 
of recent infarction adjacent to the scar can- 
not be distinguished at this magnification. 
Note the essentially normal large arteries in 
the central portion of the myocardium. 
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and arterioluminal connections are already estab- 
lished.* Persistence of arterioluminal connections has 
been demonstrated in normal adult hearts.5 It is rea- 
sonable to consider the multiple communications be- 
tween the right ventricle and the coronary arteries in 

‘this heart as an enlargement and persistence of these 


~~. normal channels, and the fibroelastic structures of 


the large vessels resembled an extension of endocar- 
dial tissues. These large vessels were tubular elastic 
arteries that only gradually acquired muscular walls 
as they penetrated the myocardial wall. 
< Myocardial hypoxia and subendocardial infarc- 
~ tion: The anomalous coronary circulation in this 
heart sustained life for 2 months but eventually was 
a major factor in the cardiac failure that led to 
death. Subendocardial left: ventricular infarction, re- 
cent and scarred with focal calcification, was the ex- 
pression of inadequate coronary circulation and a 
cause of the heart failure. Several features of perfu- 
sion in this heart are known: (1) After birth, only 
systemic venous blood was available to the coronary 
“system because systemic return was directed to the 
right atrium and then to the right ventricle. The 
= shunt at the foramen ovale was right to left. Thus, 
“only poorly saturated venous blood was available to 
the right ventricle and the coronary system. (2) At 
cardiac catheterization, the coronary arteries filled 
`- promptly from the right ventricle, but the contrast 


<o medium was seen to persist in the wall of the left 


© ventricle, thus indicating a sluggish peripheral coro- 
nary circulation. (3) Since these arteries were con- 


nected to the right ventricle without valves, it is un- 
likely that there was any significant sustained dia- 
stolic pressure. Therefore, the normal diastolic filling 
of the coronary system must have been impaired. 
Coronary circulation in this case is different from the 
usual coronary circulation seen in pulmonic atresia 
with hypoplastic right ventricle and connections be- 
tween normally formed coronary arteries and right 
ventricular sinusoids. In such cases during cineangi- 
ography with injection into the small right ventricle, | 
the coronary arteries are seen to fill with contrast. 
medium from the right ventricular sinusoids in sys- 
tole; in diastole they fill with unopacified blood from 
the aorta, at which time the arteries are cleared of 
contrast medium and none is seen to persist in the 
myocardium. 

Left vs. right ventricular coronary insufficien- 
cy: These factors help to explain myocardial hypox- 
ia but do not explain the left-sided subendocardial 
distribution of the infarction or the relative sparing 
of the right ventricle. This distribution of infarction 
may be seen in other lesions in which hypoxia is 
generalized, for example, in infants with premature 
closure of the foramen ovale and in adults with coro- 
nary obstruction located in the most proximal por- 
tions of the coronary arteries. It has been stated 
that both ventricles are affected by decreased coro- 
nary perfusion with oxygenated blood, but the de- 
gree is related to the amount of muscle mass, the- 
greater muscle mass having the more coronary insuf- — 
ficiency." 


References 


1. Davignon AL, Greenwold WE, DuShane JW, et al: Congeni- 
tal pulmonary atresia with intact septum. Clinicopathologic 
correlation of two anatomic. types. Amer Heart J 62:591-602, 
1961 

2. Sissman NJ, Abrams. HL: | Bidirectional shunting in a coro- 
nary artery-right. ventricular fistula associated with pulmo- 
nary atresia and an intact septum. Circulation 32:582~588, 
1965 

3. Kauffman SL, Andersen DH: . Persistent venous valves, mal- 
development of the right heart, and coronary artery—vantricu- 
lar communications. Amer Heart J 66:664-669, 1963 

4. Patten BM: The development of the ventricular wall and its 


November 8, 1972 The American Journal of CARDIOLOGY Volume 30 669 : 


blood. supply. In, Cardiac Development with Special Refer- 
ence to Congenital Heart Disease (Jaffe OP, ed). Dayton, - 
Ohio, University of Dayton Press, 1970, p 1-10 f 

5. Wearn JT, Mettier SR, Klump. TG, et al: The nature of the 
vascular communications. between the coronary arteries: and 
the chambers of the heart. Amer Heart J 9:143-164, 1933 

6. Sugiura M, Okada R, Lizuka H: A clinicopathological study 
on the subendocardial infarction in the aged. Jap Heart J 
10:203-217,.1969 

7. Franciosi RA, Blanc, WA: Myocardial infarcts in infants’ and 
children. 1. A necropsy: study in congenital heart disease. J 
Pediat 73:3:309-319, 1968 
















Anomalous Origin of the Right Coronary Artery 
from the Main Pulmonary Artery 


JON B. TINGELSTAD, MD, FACC 
RICHARD R. LOWER, MD 
W. JAY ELDREDGE, MD* 


Richmond, Virginia 


From. the Departments of Pediatrics and 
Surgery, Virginia Commonweaith University, 
Medical College of Virginia, Health Sciences 
Genter, Richmond, Va. Manuscript received 
November 4, 1971, revised manuscript re- 
ceived January. 11, 1972, accepted February 
8, 1972, 

*Dr. Eldredge was a postdoctoral fellow of 
the Department. of Health, Education, and 
Welfare, Pediatric Cardiology Fellowship no. 
215. 

Address for reprints: Jon B. Tingelstad, 
MD, Department of Pediatrics, Box 291, 
Medical College of Virginia, Richmond, Va. 
23219 


An adolescent boy with anomalous origin of the right. coronary artery 
from. the main pulmonary artery is presented. Although he had been 
asymptomatic, a to and fro heart murmur and slight cardiac enlarge- 
ment suggested a cardiac malformation. Once the diagnosis was es- 
tablished by cardiac catheterization and angiocardiography, the de- 
fect was corrected by transplanting the anomalous coronary vessel 
to the aorta. This is the first pediatric patient with isolated anoma- 
lous right coronary artery from the main pulmonary artery whose 
condition was. diagnosed ante mortem and the first. patient to have 
surgical correction of the malformation. 


Anomalous origin of the right coronary artery from the main pulmo- 
nary artery is a rare congenital cardiac malformation. We are aware 
of only 15 previously reported cases." This defect. is unlikely to 
produce cardiac symptoms, and there are no typical electrocardio- 
graphic features in contrast to those patients who have the more 
frequently occurring anomalous left coronary artery arising from the 
main pulmonary. artery. 

This report describes an adolescent boy with anomalous right coro- 
nary artery arising from the main pulmonary artery, the cardiac 
catheterization and angiocardiographic findings, and the surgical 
treatment and results. 


Case Report 


A 12 year old Negro boy was referred for evaluation of a heart murmur 
that had been first noted at age 3 months. He was asymptomatic, and his 
growth and development had been normal. There was a grade 2/6, low 
pitched systolic ejection murmur and a grade 2/6 blowing mid-diastolic 
murmur, producing a to and fro quality, heard along the left sternal border 
in the third intercostal space: The remainder of the physical examination 
was normal. 

The chest roentgenogram showed slight. cardiac. enlargement and normal 
pulmonary vasculature (Fig. 1). Mild left ventricular hypertrophy was dem- 
onstrated on the scalar electrocardiogram (Fig.2). 

Right and left heart catheterization showed a step-up in. oxygen. satura- 
tion near the bifurcation of the main pulmonary artery (Table I). All pres- 
sures were normal. The presence of the diastolic heart murmur was con- 
firmed by intracardiac phonocardiography with the microphone placed near 
the: bifurcation of the main pulmonary artery (Fig. 3). The aortogram dem- 
onstrated the dilated left coronary artery arising from the left sinus of Val- 
salva, but the right coronary artery was not. visualized initially. Plow was 
directed through large tortuous intercoronary anastomoses into the right 
coronary artery, which originated from the main pulmonary artery (Fig. 4A 
and B). 

The patient was subsequently admitted to the hospital for surgical cor- 
rection of this malformation. The large serpentine, thin-walled right coro- 
nary artery was dissected for a distance of 3 cm from its origin at the main 
pulmonary artery just distal to the pulmonary valve (Fig. 5A). The large left 
to right shunt. was confirmed by flowmeter. With use of a partially occlud- 
ing clamp on the main pulmonary artery, the origin of the coronary artery 
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FIGURE 1. Frontal (A) and lateral (B) 
chest roentgenograms showing slight cardiac 
enlargement and normal pulmonary vascu- 
lature. 




























































































HH 3 H HEH Eih pri 


FIGURE 2. Scalar electrocardiogram demonstrating mild left 
ventricular hypertrophy (1 mv = 10 mm). 


FIGURE 3. Simultaneous recordings of 
scalar electrocardiogram and intracardiac 
phonocardiogram with the microphone 
placed near the bifurcation of the main pul- 
monary artery. Note the diastolic murmur 
(DM) which begins in mid-diastole and ex- 
tends through the first heart sound. Time 
lines are recorded at 0.04 second intervals. 





TABLE I 
Cardiac Catheterization Data 


Pressures O2 Sat 
Site (mm Hg) (%) 
Inferior vena cava sate 82 
Superior vena cava ed 75 
Right atrium m=0 79 
Right ventricle 25/5 78 
Proximal main 18/8 79 
pulmonary artery 
Distal main 18/8 84 
pulmonary artery 
Right pulmonary artery 18/9 84 
Left pulmonary artery 18/10 86 


Left ventricle 
Ascending aorta 


115/10 (100/2*) 96 
110/60 (100/65*) 96 


(95*) 
Systemic (cardiac) index 4.5 
(liters/min per m?) 
Pulmonary blood flow index Tl 
(liters/min per m3) 
Pulmonary to systemic blood TAL 
flow ratio 





* After operation. 


with a narrow rim of tissue from the pulmonary artery 
was transsected, and the defect in the pulmonary artery 
was oversewn. The anomalous coronary artery was sutured 
end to side to the aorta 2 cm above the sinuses of Valsalva 
(Fig. 5B). After release of the clamps. blood flow of 50 cc/ 
min from the aorta through the transplanted vessel was 
demonstrated by flowmeter. No heart murmurs were 
heard in the postoperative period. 

Two months after operation, the patient was readmitted 
to the hospital for left heart catheterization and aortogra- 
phy. He had been asymptomatic with slightly restricted 
physical activity. The scalar electrocardiogram and Frank 
vectorcardiogram were now normal, but the chest roent- 
genogram again demonstrated slight cardiac enlargement. 
Cardiac catheterization showed normal pressures and oxy- 
gen saturation (Table I). Antegrade flow of blood into 
both the left and the transplanted right coronary arteries 


from the ascending aorta was demonstrated by aortogram 
(Fig. 4C). 


Discussion 


Anomalous right coronary artery from the main 
pulmonary artery is a rare cardiac defect which has 
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FIGURE 4. Sequential frames of frontal aortogram demonstrating (A) the dilated tortuous left coronary artery arising from the left 
sinus of Valsalva and (B) blood flow through the large intercoronary anastomoses into the right coronary artery which originates from 
the main pulmonary artery. C, frontal view of postoperative aortogram demonstrating antegrade blood flow from the aorta into the left 


and the transplanted right coronary arteries. 





FIGURE 5. A, the thin-walled, serpentine proximal segment of the anomalous right coronary artery dissected free near its origin from 
the main pulmonary artery. B, the right coronary artery after transplantation of its origin to the aorta distal to the sinuses of Valsalva. 
AO = aorta; MPA = main pulmonary artery; RCA = right coronary artery. 


been considered to be of little clinical significance. 
Of the 15 previously reported cases, the abnormal 
vessel was discovered at necropsy in 11.1-5:7,10.11 
When recorded, the ages of the patients at death 
ranged from 17 years!? to 90 years.5 The anomaly 
was thought to have contributed to death in only 2 
cases.7:11 In 1 of these cases, described by Wald et 
al.,11 an asymptomatic 17 year old girl had sudden 
cardiorespiratory arrest, and at necropsy showed 
complete occlusion of the left coronary artery by a 
thrombus and microscopic evidence of both acute 
and chronic left ventricular ischemia and infarction. 
In the second case of Wald et al., the only report of 
proved isolated anomalous origin of the right coro- 
nary artery from the main pulmonary artery in a liv- 
ing patient, the patient was a 42 year old asympto- 
matic woman. Surgical correction of the malforma- 
tion had not been undertaken before publication of 
the case. There are 3 additional reports of anomalous 


origin of the right coronary artery from the main 
pulmonary artery associated with other congenital 
cardiac malformations in living patients. One of 
these patients, who also had tetralogy of Fallot, was 
shown to have the anomalous vessel by cineangiocar- 
diographic studies. The anomaly was discovered 
after pericardiotomy in the other 2. Rowe and 
Young,® operating to close an atrial septal defect, 
treated the anomalous vessel by ligating it at its 
origin from the pulmonary artery. In the second case, 
Burroughs et al.8 found the anomalous right coro- 
nary artery in association with nearly complete 
aorticopulmonary window, partial malrotation of the 
great vessels and ventricular septal defect. Although 
they transposed the right coronary artery to the base 
of the aorta as part of their operative procedure, the 
patient died on the 56th postoperative day. 

Surgical correction of the coronary arterial malfor- 
mation of our patient was designed to provide a 2- 
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coronary arterial system. The decision to employ an 
aggressive therapeutic approach was based on the 
. following factors: the recent report of sudden death 
~ due to left coronary arterial occlusion in a 17 year 
old girl with the identical lesion!!; the large left to 
right shunt through the coronary arterial system re- 
sulting in a pulmonary to systemic blood flow ratio 
of 1.7:1; and the similarity between this malforma- 
tion and a coronary arteriovenous fistula which may 
‘cause cardiac failure and death at a young age. 

The length of the anomalous vessel and its origin 
in relation to the aortic root suggested that a direct 
transplant would be feasible although an autogenous 
saphenous. vein graft. was considered as the alternate 
treatment. When the proximal segment of the anom- 
alous artery had been dissected free, it was apparent 





that a direct anastomosis to the aorta could be ac- 
complished. Although this vessel appeared vein-like, 
other vessels have been shown to have the basic. 
structure of an artery with an internal elastic mem- 
brane and a thin muscular coat.4 The artery was 
readily transposed, and antegrade flow through it 
was documented. 

The postoperative aortograms showed normally. di- 


rected coronary blood flow and the persistence of di-o 


latation of the right coronary artery. It appeared 
that flow through the left coronary artery and 
intercoronary. anastomoses had diminished. Subse- 
quent angiographic: studies will be required in this — 
active adolescent boy in order to demonstrate any 
further changes that might occur in these coronary — 
vessels. 
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In a 7 day old infant with origin of the right pulmonary artery from 
the aorta, the flow to the anomalously connected right lung was esti- 
mated to equal systemic flow, so that flow to the single lung was 
about twice normal as was vascular resistance. Systemic pressure 
levels were present in the left lung, a small left.to right shunt oc- 
curred through the foramen ovale, and a small right to left shunt 
through the ductus. Surgical correction was performed at age 3 
weeks because of progressive heart failure. Four weeks after sur- 
gery, severe pulmonary hypertension persisted; by age 12 months 
values were close to normal. At this time the response to breathing 
10 percent oxygen was still abnormal with a prompt increase in pul- 
monary arterial pressure. Aortic origin of the right pulmonary artery 
is important to recognize since it is another lethal cardiovascular 
anomaly of infancy for which surgical cure is possible. 


Aortic origin of the right pulmonary artery is an uncommon con- 
genital defect. Some major texts dealing with congenital heart dis- 
ease fail to list the anomaly even though complete surgical correction 
is possible amd the defect commonly causes death in the first few 
months of life. We have found reports of 5 successful operations for 
this condition’ in patients ranging in age from 1 month to 4 years. 
The pathophysiology is dependent on the associated defects and the 
presence or absence of stenosis at the aortic origin of the right pul- 
monary artery. The hemodynamic disturbance is theoretically less 
severe when stenosis prevents flooding of the anomalously connected 
right lung. The present. case is reported to emphasize the patho- 
physiologic features of the pulmonary circulation. 


Case Report 


A male infant was transferred to Winnipeg Children’s Hospital at age 4 
days. because of a heart murmur and slight cyanosis. He weighed 2.83 kg 
and was in ne distress. A grade 2/6 ejection murmur was heard along the 
left sternal edge. Diagnostic studies were completed-by age 7 days; by age 
14 days increased cyanosis and severe dyspnea had developed, and he was 
unable to tolerate oral feedings. His condition failed to improve with ad- 
ministration ef digoxin (0.022 mg twice daily after a loading dose of 0.06 
mg/kg) and furosemide (2.0 mg twice daily intravenously), and surgery was 
carried out at age 3 weeks. An operation was performed at which the right 
pulmonary artery was resected from the aorta, the aortic opening closed, 
and then the right pulmonary. artery was brought behind. the aorta to be 
anastomosed end to side to the main pulmonary artery. After this proce- 
dure, progress was very slow, but he was finally discharged at age 3 months, 
weighing 3.2 kg and receiving no medication. Follow-up cardiac catheteriza- 
tion studies were performed at ages 7 weeks and 12 months. i 

The initial chest X-ray film showed moderate enlargement of the heart 
with bilateral equal inéreases in lung vascularity: The initial electrocardio- 
gram showed a qR pattern in lead V; and was consistent with right ventric- 
ular hypertraohy. 
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TABLE | 
Hemodynamic Findings 



































Site 
ve RA RV PA FA 
Pressures (mm Hg) 
Age 7 days 
Room air 10 9.5 100/10 80 /40(58) 85/40(58) 
100% O; sess 13 96/12 72/20(40) 88 /45(60) 
Age 7 weeks 
Room air sos 3.5 102/7 100/30(60) 110/45(75) 
100% 0: ee 3 74/1440) 40 /65(95) 
Age 12 months 
Room air oe 3 4874 44 /10(25) 95/42(69) 
100% Os ae 3 44/4 40/1020) 98/49(74) 
Q: Saturation % ) 
Age 7 days 
Room air 59 67 69 69 80 
100% O: 52 75 76 76 98 
Age 7 weeks 
Room air 63 64 64 64 95 
100% 0; 74 99 
Age 12 months 
Room air 65 67 93 
100% O» 69 69 99 
FA = femoral artery; LA = left atrium; LV = left ventricle; PA = main pamona artery; PV = pulmonary vein; RA = right atrium; 


RV = right ventricle; VC = superior vena cava. 


Cardiac catheterization (Table I) at age 7 days showed 
a small left to right shunt at the atrial level, and equal 
mean main pulmonary arterial and femoral arterial pres- 
sure values. Pulmonary venous blood oxygen saturation 
was only 86 percent, and femoral arterial oxygen satura- 
tion was 5 percent below that in left ventricle, thus 
suggesting a ductal right to left shunt. Breathing 100 per- 
cent oxygen decreased méan main pulmonary arterial 
pressure and increased arterial oxygen saturation to 98 
- percent; there was an increased left to right shunt at the 
atrial level. The cineangiogram with injection into the 
right ventricle, showed a small right to left shunt by way 
of the ductus arteriosus down the descending aorta. The 
right pulmonary artery did not fill. The serial film angio- 
gram, with injection into the left atrium, confirmed the 
presence of a small left to right shunt at the atrial level 


FIGURE 1. Angiocardiograms. A, 
age 7 days. Left atrial injection of 
contrast medium. Origin of the 
right pulmonary artery is from the 
posterior aspect of the ascending 
aorta. B, age 12 months. Main pul- 
monary arterial injection of con- 
trast medium showing narrowing at 
the origin of the right pulmonary 
artery and discrepancy in size be- 
tween the right and left pulmonary 
arteries. 
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and also showed the right pulmonary artery arising from 
the ascending aorta (Fig. 1A). There was no constriction 
at its origin. 

The indicator-dilution curves (Fig. 2) showed a small 
right to left shunt (with imjection into the main pulmo- 
nary artery and sampling from the femoral artery) caused 
by the right to left shunt at the ductus, This shunt was 
diminished by breathing 100 percent oxygen. When dye 
was injected into the inferior vena cava, the right to left 
shunt was similar, thereby suggesting that there was no 
significant atrial right to left shunt. The curve from the 
left ventricular injection of indicator dye was consistent 
with a large left to right shunt as a result of rapid circula- 
tion through the right lung. By means of the Carter 
method,” this shunt was calculated to be about 50 percent 
of the left ventricular output. 
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FIGURE 2. 


Indicator-dilution curves at age 7 days. Top and 
middle, main pulmonary arterial (MPA) injection, femoral arteri- 
al sample. The right to left shunt is reduced by breathing 100 
percent oxygen. For all curves paper speed is 5 mm/sec; time 
signal at the base is 1 second, with a broad injection signal. Bot- 
tom, left ventricular (LV) injection. Appearance of a left to right 
shunt is produced by flow to the right lung. 


At operation, the right pulmonary artery arose from the 
posterior aspect of the aorta. With the use of partially oc- 
cluding clamps, the right pulmonary artery was divided 
from the aorta, passed behind the aorta and connected to 
the main pulmonary artery with an end to side anastomo- 
sis. Cardiopulmonary bypass was not used but was on 
standby. The patent ductus arteriosus was not ligated, 
and it subsequently closed spontaneously. Four weeks 
after operation, oral feedings were still not tolerated and 


K.H. AGE 7 WKS. 



























weight gain was negligible; digoxin therapy was contin- 
ued, and occasional doses of furosemide were given be- 
cause of dyspnea and hepatic enlargement. 

Hemodynamic studies were repeated (Table I) at age 7 
weeks. This study showed that the ratio of total pulmo- 
nary to total systemic vascular resistance was 0.75. The 
mean main pulmonary arterial pressure had decreased to 
80 percent of systemic pressure, the site of the anastomo- 
sis was narrowed, and the right pulmonary artery was de- 
creased in size (Fig. 1B). The right pulmonary arterial 
pressure was 14/8 mm Hg, 60 mm systolic less than the 
main pulmonary arterial pressure. At age 12 months, the 
mean main pulmonary arterial pressure had decreased to 
36 percent of the systemic pressure; the angiogram dem- 
onstrated some decrease in the narrowing of the right pul- 
monary artery. 

Arterial blood gas values are listed in Table II and flow 
and resistance calculations in Table IM. Systemic flow was 
calculated from calibrated indicator-dilution curves. At 
age 7 days, the curve obtained after the left ventricular in- 
jection (Fig. 2) was used by applying the forward triangle 
method. At age 7 weeks, the curve obtained after left ven- 
tricular dye injection showed no shunts and was used. At 
age 12 months, the curve obtained after a left pulmonary 
arterial injection of dye was used since this showed almost 
no left to right shunt. Pulmonary flow values were derived 
from systemic flow values, and the pulmonary to systemic 
flow ratios were obtained from oximetric studies. The 
small right to left shunt through the ductus at age 7 days 
was ignored in the calculations, which are only estimates. 

At age 7 days, the flow to the anomalously connected 
right lung equaled total systemic flow. Systemic flow was 
slightly decreased, possibly because of cardiac failure. 
Pulmonary arteriolar resistance in the right lung was 17.2 
as opposed to 13.3 units/m? in the left lung (normal value 
is about 7 units/m? in each lung at this age). The high 
level of resistance to flow in the right lung served to pre- 
vent further left ventricular volume overload. The resis- 
tance to flow in the left lung was about twice normal. 
Total calculated pulmonary vascular resistance was great- 
er at age 7 weeks after the operation than before, probably 
because of the narrowed right pulmonary artery, but had 
decreased by age 1 year to about twice normal. A quanti- 
tative lung scan at age 15 months suggested that about 20 
percent of flow was directed to the right lung and 80 per- 
cent to the left lung. Estimated levels of pulmonary arte- 
riolar resistance were still about 3 times normal in each 
lung, and additional resistance was present at the origin 
of the right pulmonary artery in the postoperative studies. 













































FIGURE 3. I|ndicator-dilution curves 
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at age 7 weeks. Top, left artrial (LA) 
injections of dye. Small left to right 
shunts are evident during breathing 
of room air and 100 percent oxygen; 
there is no left to right shunt during 




















breathing of 12 percent oxygen. 
































Bottom, inferior vena caval (IVC) 
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percent oxygen. 


676 November 8,1972 The American Journal of CARDIOLOGY Volume 30 


+ 


AORTIC ORIGIN OF RIGHT PULMONARY ARTERY—CUMMING ET AL. - 


There remained evidence of considerable responsiveness 
of the left lung to hypoxic stimulation. At age 7 weeks this 


>was- shown by the production of an atrial right to left 
shunt, with the patient breathing 12 percent oxygen (Fig. 


3), that reduced arterial PO; to 34 mm Hg. At age 12 


months there was a prompt increase in pulmonary arterial 


pressure with the patient breathing 10 percent oxygen 
(Fig. 4). In other patients with various forms of congenital 


-heart disease, we have found only a 3 to 5 mm increase in 


pulmonary arterial pressure with the breathing of this hy- 


‘poxic mixture. 


TABLE ll 


Arterial Blood Gas Determinations 
Settle EAE Te cae EE 


Oz 
Room Air 100% 10 or 129%* 
=r eee, 
PO, 
Age 7 days 51 130 wi 
‘Age 7 weeks 72 489 34 
Age 12 months 63 486 26 
pH 
Age 7 days 7.31 7.31 hs 
Age 7 weeks 7.39 7.38 7,34 
Age 12 months 7.41 7.40 7.40 
Age 7 days 34 34 Sat 
Age 7 weeks 34 39 42 
Age 12 months Be 33 39 


; ‘oreteetnenineinsnsnrnewinnnrnivstinnanenrnmnnatn an a EN NNNSNN OONO 


* Twelve percent administered at age 7 weeks; 10% admin- 


- istered at age 12 months. 


TABLE IHH 


Pressure, Flow and Resistance Ratios 


Discussion 


The cyanosis before operation was related to poor 
oxygenation in the lungs rather than to a large right 
to left shunt. Systemic blood PO; was only 130 mm 
Hg with the patient breathing 100 percent oxygen, 
whereas the total cardiac right to left shunt flow was 
only about 5 percent of systemic flow. After the 
hemodynamic studies at age 7 days, the baby’s con- 
dition deteriorated and surgical treatment was man- 
datory despite his small size. Recovery might have 











ahi TERT ` i Ee aC 
FIGURE 4. Pressures in the pulmonary (PA) and femoral 
(FA) arteries. during inhatation of 10 percent oxygen. There isa 
marked increase: in pulmonary arterial pressure and a slight de- 
crease in femoral arterial pressure. 














Age 12 Months 








Age 7 Days Age 7 Weeks 
Ratio values 
Pulmonary/systemic pressure* 1.00 0.80 0.36 
Pulmonary/systemic flow 1.40} 1.07 1.12 
Pulmonary/systemic total 
vascular resistance 0.72 0.75 0.32 
Actual values 
Systemic flow (liters/min. per m?) 2.60 4.17 3.39 
Pulmonary flow (liters/min per m2} 6.04% R 2.608 4,50 3 7g/R 0.764 
ONL 3.46] "SL 3.028 
Pulmonary arteriolar resistance 15 Ke 17.2 12,2 3 gea P 78 
units (mm Heg/liter per min per m?) “TS 13,3 “ONL 6.6 
18.4tt 


* Main pulmonary arterial/femoral arterial pressure values. 
t Included flow through left lung only at age 7 days. 





ł Flow from aorta through right lung at age 7 days not included in systemic flow. Value calculated from left ventricular indicator dilu- 


tion curve using forward triangle method. 


§ Percent shunt estimated according to method of Carteret al.” and flow derived from systemic flow. 
| Estimated from systemic flow (t above) and oximetry-derived pulmonary/systemic flow ratio. 


4 Partition based on lung scan. 


1 A , ; k : 
fmm am me fe ae resistance = (pulmonary arterial mean pressure minus left atrial pressure)/(liters/min per m’). 


R RI R 


** Total includes vascular resistance values of right and left lungs, plus narrowing in right main branch. 


FEAT narrowing of origin of right pulmonary artery. 
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been quicker if the narrowing (possibly from throm- 
bus) had not occurred at the anastomotic site. This 
narrowing appears to be decreasing with time, and 
the decision to avoid an early second operation ap- 
pears to have been correct. In 1 reported case, a sec- 
ond operation for this complication was fatal.® 

This defect is seldom suspected clinically; there is 
no typical auscultatory finding; and there is no 
radiologic evidence of uneven pulmonary flow. Diag- 
nosis was dependent on angiographic studies—the 
dextroangiogram, which showed absence of filling of 
the right pulmonary artery, and the levoangiogram, 
which revealed the aberrant vessel. 

Injection of indicator dye into the left ventricle 
produced a curve that was typical for a large left to 
right shunt; yet no such shunt had been demon- 
strated at the ventricular or pulmonary arterial level 
by oximetric studies. The use of indicator-dilution 
curves in this anomaly has not been reported before, 
and this is an available method for estimating flow 
through the anomalous pulmonary artery. 

Pulmonary hypertension: In calves, little in- 
crease in pulmonary arterial pressure occurs until 
the level of PO? drops to 40 mm Hg.’ In our patient, 
10 percent oxygen with arterial PO% values of 55 mm 
Hg caused a marked increase in pulmonary arterial 
pressure and resistance, and this increase was not 
associated with a decrease in pH.}° Narrowing of the 
right pulmonary artery, plus residual vascular 
changes in the left lung, may be responsible for this 
increased sensitivity to hypoxic stimulation. 

Aortic origin of the right pulmonary artery is a sit- 
uation analogous to that occurring when experimen- 
tal techniques are used to produce pulmonary hyper- 
tension.!!.12 However, when a systemic artery is con- 
nected to 1 lung after ligation of the main pulmonary 
artery to the 1 side, the anastomosis must be nar- 
rowed so that the level of mean pulmonary arterial 
pressure is below 35 mm Hg; otherwise, pulmonary 
edema develops. 

Rudolph!3 has suggested that a persistent eleva- 
tion in the level of pulmonary blood flow may pre- 
vent the normal decrease in pulmonary vascular re- 
sistance. Pneumonectomy in young puppies led to 
pulmonary hypertension, !* and pneumonectomy in 
patients with aortic origin of the right pulmonary ar- 
tery has usually ended fatally.6-14:45 Hemodynamic 
findings in our patient with the severe narrowing of 
the right pulmonary artery illustrated that severe 
pulmonary hypertension would persist with simple 
ligation of the anomalous vessel. In calves, the com- 


bination of mild hypoxia and unilateral pulmonary , 
arterial ligation results in progressive pulmonary hy- 
pertension.16 The narrowing of the anastomotic site 
in our patient appears to have contributed to the 
continuing pulmonary hypertension and the slow 
progress of the patient after operation. The pulmo- 
nary arterial pressure, being regulated chiefly by the 
resistance to flow through the left lung, was unusual- 
ly responsive to hypoxic stimulation at 7 weeks and 
12 months of life. This may have been the result of 
anatomic changes of the kind reported to occur in 
the pulmonary arterioles of the left lung.17 Adminis- 
tration of 100 percent Oz produced a significant de- 
cline in pulmonary arterial pressure, thus suggesting 
some functional element to the higher than normal 
level of resistance. 

Reports of pathologic examinations of the pulmo- 
nary arterioles in this condition are conflicting;* 
vessels from both lungs may show severe intimal and 
medial thickening, *7 or the major change may be in 
the left lung.48 

Clinical course: Aortic origin of the right pulmo- 
nary artery usually leads to respiratory distress and 
heart failure in the first month of life. Cyanosis is 
frequently present and may be due to impaired pul- 
monary function or to right to left shunting through 
the foramen ovale or ductus. Pressures in the left 
pulmonary artery are usually at systemic levels. The 
ductus is usually patent, and additional anomalies, 
such as ventricular defects and pulmonary stenosis, 
have been reported. Occasional patients have sur- 
vived infancy.?-19.20 

Surgical correction: A graft anastomosis con- 
necting the main and right pulmonary arteries has 
been recommended, and surviving patients have 
been described by Amer et al.! and Redo et al.? Di- 
rect anastomosis of the aberrant vessel to the main 
pulmonary artery has been successfully carried out 
by Stanton et al.3 (1 month) and Kirkpatrick et al.* 
(7 months). Some degree of residual stenosis at the 
anastomotic site was present in the patients de- 
scribed by these authors, but not of the severity 
present in our patient. 

Wagenvoort et al.ë have suggested that this anom- 
aly results from persistence of the distal (in favor of 
the proximal) part of the primitive sixth aortic arch 
and a portion of the right dorsal aorta. This theory 
was supported by the finding of ductal tissue in the 
right pulmonary arterial wall and the presence of a 
fibrous band from the right to the main pulmonary 
artery in 1 patient. ?1 
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An acute inferior wall myocardial infarction apparently resulted from — 
a severe spasm of the left circumflex artery during selective coro- 
nary arteriography in a 52 year old woman who had a normal coro- 
nary arteriogram on a subsequent examination. Some of the possible 
mechanisms of production of myocardial infarction without arterio- 
graphic obstruction are discussed, such as coronary embolism or 
recanalization of a thrombus. It is believed that myocardial infarction 
without evidence of obstructive coronary disease may be caused by 
coronary spasm. 


Myocardial infarction is seldom seen in the absence of coronary arte- 
riosclerosis. Spasm of a nonarteriosclerotic coronary artery resulting 
in acute myocardial infarction has never been reported. We describe 
here an instance of acute inferior wall myocardial infarction appar- 
ently resulting from a severe spasm during coronary arteriography of 
the left circumflex artery. This artery was found to be free of arteri- 
osclerosis on subsequent arteriographic examination. 


Case Report 


A 52 year old woman was admitted to the George Washington University 
Hospital with a history of angina pectoris for 5 years. Physical examination 
revealed normal cardiac size, an atrial gallop and a soft apical mid-systolic 
murmur. Blood pressure was 110/80 mm Hg. Routine laboratory tests in- 
cluding blood glucose, cholesterol and lipoprotein electrophoresis yielded 
normal results. Electrocardiogram disclosed minor nonspecific ST~T abnor- 
malities at rest, and ischemic S~T depressions of 2 mm in the left precor- 
dial leads after treadmill exercise. 

Retrograde left ventriculography and selective coronary arteriography 
were performed using the Judkins percutaneous. transfemoral technique.* 
Left ventricular end-diastolic pressure was normal, myocardial contractility 
was excellent, and there was minimal mitral regurgitation. After sublingual 
administration. of nitroglycerin (0.4 mg) and isosorbide dinitrate (10 mg), 
first the left and then the right coronary arteries were catheterized. On the 
first injection into the left coronary artery it was noted that the catheter tip 
had entered the left anterior descending artery beyond the origin of the cir- 
cumflex artery so that the latter was only partially opacified. After immedi- 
ate withdrawal of the catheter back into the left main coronary artery, an- 
other injection revealed severe constriction (more than 95 percent) of the 
left circumflex artery at the origin of the obtuse marginal branch (Fig. 1A). 
Both the left anterior descending and right coronary arteries were normal, 

Shortly after completion of the procedure the patient experienced severe 
precordial pain. The electrocardiogram now disclosed a Q wave and S-T 
elevation in leads 1I, Il and aVF. A pericardial friction rub developed 24 
hours later and persisted for 48 hours. Serial electrocardiograms and en- 
zyme studies confirmed the diagnosis of an acute inferior wall myocardial 
infarction. The patient made an uneventful recovery and was discharged 4 
weeks later. mr 

The patient continued to complain of angina on mild exertion and re- 
quired several hospitalizations for possible recurrent myocardial infarction. 
None being found, the patient was readmitted for repeat coronary arteri- 
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FIGURE 1. Left coronary arterio- 
grams in right anterior oblique 
view. A, showing severe spasm 
(arrow) of the left circumflex artery 
at the origin of the obtuse marginal 
branch. B, 3 months later, showing 
a normal left circumflex artery. 


ography. Selective coronary arteriography performed by 
the Sones technique,? 3 months after the initial study, re- 
vealed perfectly normal coronary arteries; the previously 
observed constriction of the left circumflex artery was no 
longer present (Fig. 1B). Left ventriculograms revealed a 
hypokinetic area in the diaphragmatic wall indicative of a 
healed myocardial infarction. After discharge the patient 
continued to experience angina on mild exertion; some 
improvement occurred after combined oral administration 
of propranolol and isosorbide dinitrate. 


Discussion 


Myocardial infarction is the result of sustained se- 
vere myocardial ischemia. In most cases the ischemia 
is caused by coronary occlusion. This may be sud- 
den, as in embolism;? relatively sudden, as in throm- 
bosis, especially when thrombosis results from hem- 
orrhage into the wall or into the lumen of the vessel; 
or gradual, as in coronary arteriosclerosis without 
thrombosis. Spasm of a nonatherosclerotic coronary 
artery has not been known to result in myocardial 
infarction, although its clinical occurrence has been 
frequently postulated as a cause of angina or acute 
coronary insufficiency.* 

We believe that the segmental constriction noted 
in our patient in the proximal part of the left cir- 
cumflex artery at the origin of the obtuse marginal 
branch during the initial coronary arteriographic 
study, with complete disappearance on repeat arte- 
riogram 3 months later, represents coronary arterial 
spasm. The latter was probably the result of a 
“super-selective” injection of the left coronary artery 
since the catheter tip inadvertently slipped into the 
anterior descending branch, thereby partially oc- 
cluding the blood flow into the circumflex branch. 

Coronary spasm and myocardial infarction: 
Intense coronary spasm, especially of the proximal 
right coronary artery, has been frequently encoun- 
tered during selective coronary arteriography. Its 
functional nature is confirmed by its prompt disap- 
pearance after administration of a potent coronary 
vasodilator, such as nitroglycerin or isosorbide dini- 
trate, or withdrawal of the catheter. Although chest 
pain and S-T segment elevations suggestive of myo- 





cardial ischemia have been reported to follow coro- 
nary arterial spasm,57 it is generally not accepted 
that such unusual vasomotor activity results in myo- 
cardial infarction.* However, in our patient, the sub- 
sequent development of acute inferior myocardial in- 
farction, which was documented by typical electro- 
cardiographic changes, typical serum enzyme eleva- 
tions and a pericardial friction rub shortly after the 
observed spasm of the left circumflex artery, strongly 
suggests a cause and effect relation. Since occlusion 
of a major coronary artery by spasm can result in 
chest pain and S-T segment elevations suggestive of 
myocardial ischemia,>7 severe and sustained myo- 
cardial ischemia resulting from prolonged and in- 
tense coronary arterial spasm may certainly progress 
into myocardial infarction. 

Lysis or recanalization of coronary thrombo- 
sis?: The possibility of a thrombotic occlusion of 
the left circumflex artery with subsequent thrombol- 
ysis or recanalization appears unlikely in our patient, 
not only because complete resolution of a total ob- 
structive lesion in a major coronary artery within 3 
months to our knowledge has never been demon- 
strated angiographically, but also because resolution 
of a coronary atherosclerotic thrombus usually leaves 
behind an irregular lumen, often with some narrow- 
ing.9 

Coronary embolism?: An alternative explana- 
tion for the cause of coronary occlusion in our pa- 
tient is an embolus dislodged from the catheter tip 
which later lysed completely during the 3 month in- 
terval between the first and second studies. In fact, 
this is the most likely explanation of the paradox of 
myocardial infarction with normal coronary arte- 
riogram.® However, the arteriographic appearance in 
our patient of the obstructive lesion which showed a 
gradual tapering, rather than a circumscribed filling 
defect, of the occluded circumflex artery and its ob- 
tuse marginal branch is more compatible with coro- 
nary spasm than with embolism. 

Catheter-induced myocardial infarction: Al- 
though absolute anatomic proof against either 
thrombus or embolus being a cause of the acute 
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myocardial infarct is lacking without a postmortem 
examination, the circumstances surrounding its oc- 
currence and the associated arteriographic appear- 
ances in our patient led us to conclude that intense 


= and sustained coronary spasm during coronary arte- 


riography was probably responsible for the subse- 
quent development of myocardial infarction. This 
case is believed to be the first such reported compli- 
cation after selective coronary arteriography. Al- 
though myocardial infarction after coronary arte- 
riography is a known, though fortunately rare, com- 
plication of this widely used diagnostic procedure, it 
is usually the result of prolonged hypotension,’ 
subintimal dissection,?:1°11 coronary embolism’ or 
dislodgment of fibrin deposit from the catheter. 12-13 
-To this list should now be added coronary spasm. It 
is also important to realize that catheter-induced 
coronary spasm may persist despite prior adminis- 
tration of liberal doses of coronary vasodilators, as in 
-our patient who received both nitroglycerin (0.4 mg) 
and isosorbide dinitrate (10 mgm) sublingually be- 
fore coronary arteriography. 

Angina and myocardial infarction with normal 


~o coronary arteriograms: Despite a normal coronary 


arteriogram, our patient continues to experience in- 
tractable angina. One can only speculate whether 
she has disease of the small coronary arteries, 14:18 
abnormal hemoglobin oxygen dissociation curves*¢ or 
intermittent coronary spasms. Like others, we have 
encountered patients, usually women, who have an- 
gina but no demonstrable coronary arterial narrow- 
ing. In 1 of several recent reports on such patients!® 
normal coronary arteriograms are described in as 


many as 10 percent of patients with angina. On the 
other hand, we agree with James!” that coronary ar- 
teriograms may be interpreted as normal when, in 
fact, a significant lesion is present and missed. This 
error occurs most often when the film quality is less 
than excellent technically, or when the persons ana- 
lyzing the films are not experienced. Nevertheless, 
errors in interpretation may occur even when films of 
high quality are reviewed by experienced persons. 
For example, total occlusion at the origin of certain 
branches such as a diagonal branch of the anterior 
descending artery can at times be undetectable. 18 
The coronary cinearteriograms in our patient were of 
excellent quality, all major branches could be identi- 
fied, and all arteries had smooth walls without lumi- 
nal narrowing or irregularities on the repeat study. 
Nevertheless, she continued to have typical angina 
with typical S-T segment depressions in the exercise 
electrocardiograms. Our patient thus belongs to the 
small group of patients, mostly women, who present 
the as yet unexplained paradox of angina pectoris 
with normal coronary arteriogram. In such patients 
“ischemic heart disease” is a more appropriate diag- 
nostic term than “coronary artery disease.” This 
perplexing matter is further compounded by the 
scattered reports in recent years of normal coronary 
arteriograms in patients with well documented myo- 
cardial infarction.}*22 Such diagnostic problems, 
which could not have existed before the era of coro- 
nary arteriography, will undoubtedly become more 
frequent. Indeed, these rare cases highlight the ne- 
cessity of further research related to the pathogenesis 
of ischemic heart disease. 
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A case of idiopathic hypertrophic subaortic stenosis in a girl with 
phenotypic Turner’s syndrome is reported. The coincidence of these 
rare anomalies, reported only once before, is unlikely to occur by 
chance. Essential clinical features leading to early diagnosis of idio- 
pathic hypertrophic subaortic stenosis in infancy are presented. Sur- 
gical treatment when the child weighed 15.9 kg gave satisfactory re- 
sults at 18-month follow-up study. 


Idiopathic hypertrophic subaortic stenosis is rare in children. Its as- 
sociation with phenotypic Turner’s syndrome has not been well doc- 
umented, although coarctation of the aorta, pulmonary valvular and 
branch stenosis and aortic stenosis are known associated anomalies 
in this syndrome.}:? In the present case, follow-up studies have been 
made since birth. The diagnosis, by cardiac catheterization and an- 
giocardiogram, was confirmed at operation at age 6 years (weight 
15.9kg), and successful repair was accomplished at this early age. 


Case Report 


A 5 year, 11 month old Negro girl was first referred to this hospital at age 
16 days because of respiratory distress, cyanosis and a heart murmur dis- 
covered at age 4 days. She was the product of a normal full-term pregnan- 
cy, born to a 37 year old mother, gravida 8, para 8. The delivery, somewhat 
difficult, may have contributed to a delay in diagnosis of congenital heart 
disease. Because of partial placenta previa and breech delivery, the infant 
had a short delay in the onset of respiration and was resuscitated. The birth 
weight was 5.18 kg. She had poor general tonus and was unable to swallow 
although she sucked normally. She had to be tube-fed until age 3 months. 
Cyanosis was described in the first few days of life, and by age 8 days she 
was also treated for congestive heart failure and possible pneumonia, for 
which antibiotic drugs were given. 

During the first admission, which lasted 26 days, her condition improved 
on treatment with digitoxin; mercuhydrin and low salt milk but without 
antibiotic agents. The pre-admission digoxin dosage of 0.03 mg every 12 
hours produced bigeminy, but the adjusted maintenance digitoxin dosage of 
0.01 mg/day (weight 3 kg) was well tolerated. 

The diagnosis of phenotypic Turner’s syndrome could not be made in the 
neonatal period. Among the unusual features recognized on the first admis- 
sion at age 16 days was a head (37 cm) proportionately larger than the body 
(length 47 cm, weight 3 kg) with wide fontanelles, odd facial features with 
short neck and trunk, increased carrying angle and overlapping fourth and ` 
fifth toes in the left foot. She had no cyanosis or edema on admission. The 
pulses were bounding, 136 beats/min, and the blood pressure was 120/60/0. 
Respirations were 40/min. The lungs were clear to percussion and ausculta- 
tion. The examination of the heart revealed the point of maximal impulse 
in the fifth intercostal space at the left mid-clavicular line, slightly forceful. 
There was a grade 3/6 systolic ejection murmur associated with an atrial. 
gallop or presystolic murmur over the tricuspid area. The splitting of the 
second heart sound was normal. The spleen was palpable. The liver edge at 
4 em below the right costal margin was mildly pulsatile. It had receded to 2. 
cm at the time of discharge. 
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FIGURE 1. Electrocardiograms at ages 2 weeks and 6 years 
and vectorcardiogram (Frank's system) at age 6 years. At age 2 
weeks there was evidence ef right atrial enlargement and right 
ventricular hypertrophy. Left ventricular hypertrophy, suggestive 
at 5 years, became clear at age 6 years. Note the deep Q wave 
in lead aVF but lack of a deep S wave in lead V; in the second 
tracing. Vectorcardiogram shows the maximal spatial left-inferior 
and posterior vector of 1.5 mv and the maximal spatial right- 
superior and anterior vector of 3.4 mv. 
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Laboratory data included hemoglobin 15 g/100 ml, 
hematocrit 49 percent and blood urea nitrogen 31 mg/100 - 
ml. Roentgenograms of skull and cervical spine, intrave- 
nous pyelogram and electroencephalogram were normal. 
Fluoroscopic examination of the esophagus was normal. 
The chest roentgenogram showed an enlarged heart with 
normal pulmonary vascular markings. The electrocardio- 
gram showed a mean QRS axis of 190° with right atrial 
enlargement and right ventricular hypertrophy (Fig. 1): 
The chromatin pattern was positive in 21 percent of 300 
buccal epithelial cells examined. 

After discharge the patient’s condition continued to im- 
prove. She had about 2 spells a month during which she 
cried and seemed to lose consciousness for a short interval 
while she became cyanosed. After age 6 months these 
spells were no longer noted. On chest roentgenograms the 
heart size was always moderately enlarged. The pulmo- 
nary vascular markings were regarded as normal or slight- 
ly increased. At age 11 months, because of marked in- 
crease in right ventricular hypertrophy, hemodynamic 
study was performed. Right heart catheterization and an- 
giocardiogram confirmed severe infundibular pulmonary 
stenosis and revealed a patent foramen ovale with a 
small left to right shunt at the ductal or ventricular level 
(Table I and Fig. 2). Because of the infant’s small size 
(6.8 kg) and clinical improvement, corrective surgery was 
deferred, and the patient was followed up regularly at 6 
and, later, 12 month intervals. 

By age 5 years, 11 months, the electrocardiographic evi- 
dence of mild left ventricular hypertrophy noted a year 
earlier had become definite (Fig. 1), and a murmur sug- 
gestive of mitral insufficiency associated with a double 
impulse at the apex developed. The child was readmitted 
for both right and left heart catheterization. 

The physical features at this time were clearly compat- 
ible with a phenotypic Turner’s syndrome (Fig. 3). The 
child’s height was 127 cm, 50th percentile for age 2 1 /2 
years. She weighed 15.5 kg or slightly below the 5th per- 
centile for age. Head circumference was 51.5 cm. She had 
mild ptosis of the eyelids, hypertelorism with a broad 
nasal bridge, low-set ears, low hairline, webbed neck, flar- 
ing lower chest wall with mild pectus excavatum, widely 
spaced and inverted nipples and increased carrying angle. 
The bone age was approximately 4 years. Mental retarda- 
tion was mild (intelligence quotient 67). 


FIGURE 2. Selective right ventric- 
ulogram at age 11 months. A, 
diastole and B, systole. The outflow 
tract of the right ventricle is normal 
in appearance and widely patent 
during diastole, but it is markedly 
constricted (arrows) during ven- 
tricular systole. 
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FIGURE 3. Unusual features include short stature, webbed 
neck, shield-like chest with mild pectus excavatum, widely 
spaced and inverted nipples and increased carrying angle. The 
facies show ptosis of eyelids, hypertelorism with broad nasal 
bridge, low set ears and thick protruding lips. 


The pulse pressure was wide with a blood pressure in 
the right arm of 140/40/18. Pulse rate was 82/min and 
regular. Respirations were 16/min. The lungs were clear 
to percussion and auscultation. The maximal cardiac im- 
pulse was 1 cm lateral to the left mid-clavicular line in 
the fifth intercostal space. There was a double impulse at 
the apex, a diffuse systolic thrill palpable over the entire 
precordium and a mild lift at the left lower sternal border. 
The first heart sound was normal. The second sound was 
widely split (Fig. 4). A grade 4/6 harsh systolic ejection 
murmur at the pulmonary area became grade 5/6 at the 
apex and radiated well into the axilla. There were grade 
2/6 presystolic and mid-diastolic murmurs at the lower 
left sternal border as well as at the apex. The thorax was 
short and the abdomen protuberant. The liver was smooth 
and nontender, but the edge was 4 cm below the right 
costal margin. The spleen was palpable. 

Cardiac catheterization and angiocardiogram confirmed 
severe outflow tract obstruction of both ventricles associ- 
ated with mitral insufficiency (Table I and Fig. 5). The 
patient at this time was still receiving 40 „g of digitoxin / 
day which might have increased the outflow tract obstruc- 
tion. Digitoxin therapy was discontinued, and the patient 
was recatheterized 4 weeks later. Cardiac output and 
valvular areas were determined with and without isopro- 
terenol infusion (Table I). Since the right-sided obstruction 
appeared to be as severe as it had been in the preceding 
cardiac catheterization, the left ventricular-aortic gradi- 
ent was not remeasured, in view of the risk involved and 
the clear surgical indication on the basis of right-sided ob- 
struction alone. 

A transverse infundibulotomy was performed utilizing 
high-flow, normothermic cardiopulmonary bypass. The 
obstructing parietal band, septal band and free wall hy- 
pertrophied muscle were resected. Through an oblique 
aortotomy, digital examination of the left ventricular out- 
flow tract confirmed the presence of markedly hypertro- 
phic bands between the aortic valve and the anterior mi- 
tral leaflet and on the ventricular septum, forming an ob- 
structive subvalvular muscular ring. The muscle band on 





the free wall was excised with a rongeur to relieve partial- 
ly the stenosis and for left ventricular biopsy. Primary 
correction of the left-sided outflow obstruction was done 
by shaving off the involved area of interventricular sep- 
tum from its right side while a finger in the left ventricle 
controlled septal thickness. The infundibulotomy. and 
aortotomy were closed, and bypass was discontinued. 

Post-bypass pressures (mm Hg), chest opened, were as 
follows: 


Left ventricle 115 /0/10-15 


Right ventricle 80/0/10 
Aorta 80 /50 
Pulmonary artery 45/10 


The postoperative course was uneventful, and the child 
was discharged symptom-free on the tenth postoperative 
day. 

Follow-up cardiac catheterization 1 year later showed 
satisfactory results (Table I). No significant subaortic ob- 
struction was detected. Mitral insufficiency persisted but 
was mild (grade 2/6 apical systolic murmur, and V wave 
of 14 mm Hg). The heart remained slightly enlarged, and 
left ventricular end-diastolic pressure increased during 
isoproterenol infusion. 

Pathologic examination of the left and right infundibu- 
lar biopsy specimens revealed moderate hypertrophy of 
myocardial fibers, diffuse interstitial fibrosis and mild en- 
docardial fibrosis. The involvement of the endocardium 
was not noticeable on inspection at the time of operation. 

Familial investigation and cytogenetics study: The 
parents and siblings were studied for idiopathic hypertro- 
phic subaortic stenosis by physical examination, electro- 


A. Phonocardiogram at Il months of age (timing 0.02 sec) 


PA 





Axillary 
Pulse 


FIGURE 4. Phonocardiograms at ages 11 months and 5 
years, 11 months. Note the systolic dip (arrow) in the axillary 
pulse (A) which becomes evident later in the carotid pulse (B). 
The presystolic murmur is present at the xyphoid area (not 
shown) as well as at the apex. The peak of the systolic ejection 
murmur is not in the second half of systole as in severe pulmo- 
nary stenosis. DN = dicrotic notch; PA = pulmonary area; 
Pre-SM = presystolic murmur; SM = systolic murmur. 
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FIGURE 5. Selective left ventriculogram at 
age 5 years, 11 months in frontal (A) and 
lateral (B) projections. The aortic valve has 
been indicated by an interrupted line. In (A) 
the arrows point to the constriction in the left 
ventricle produced by greatly hypertrophied 
muscle bundles which partly encircle and 
enclose the outflow tract. They produce a 
funnel-shaped infundibular chamber (be- 
tween the arrows and the aortic valve). The 
enlarged left atrium is faintly opacified, indi- 
cating mitral insufficiency. The funnel- 
shaped subvalvular chamber is also well 
seen in the lateral projection (B). The con- 
trast material was injected into the infundibu- 
lar chamber, and only a small amount re- 
fluxed into the main body of the left ventri- 
cle. 


cardiogram, phonocardiogram and pulse analyses. Two 
sisters, aged 14 and 17, respectively, had functional mur- 
murs. A 15 year old brother had also what appeared to be 
a functional murmur at the apex. His chest roentgeno- 
gram showed borderline cardiac enlargement and his elec- 
trocardiogram was suggestive of left ventricular hypertro- 
phy. Hemodynamic study including infusion of isoprotere- 
nol revealed no gradient across the left ventricular outflow 
tract. There was a history of cardiac enlargement in the 
maternal great-grandmother who died at age 65. Lympho- 
cyte chromosomal patterns were normal in both parents 
and the 7 siblings. The patient’s lymphocyte and fibro- 
blast cultures showed normal chromosomal pattern 
(46,XX). 
Discussion 

Incidence: A perusal of the literature disclosed 
only 1 case of idiopathic hypertrophic subaortic ste- 
nosis in a 5 1/2 year old boy with phenotypic Turner’s 
features.? Although cardiac catheterization revealed 
no left ventricular-aortic gradient at rest, left ventric- 
ulogram showed left ventricular hypertrophy and 
signs of outflow tract systolic obstruction considered 
as characteristic of idiopathic hypertrophic subaortic 
stenosis. This boy had had a hoarse voice and dif- 
ficulties in sucking in the neonatal period, and no 
electrocardiographic evidence of left ventricular hy- 
pertrophy was observed. 

Another report* described 3 children with Turner’s 
syndrome and subaortic stenosis. The diagnosis of 
Turner’s syndrome in these 3 cases was based on 
clinical grounds, a male chromatin pattern in pa- 
tients with female genital organs, urinary excretion 
of gonadotropins or ovarian biopsy. It was not clear 
whether any of these 3 subjects might have Turner’s 
mosaic or have phenotypic Turner’s features only. 
Two of these 3 children had associated coarctation of 
the aorta, and in no case was it specified whether 
subaortic stenosis was membranous or muscular. 

The respective incidences of idiopathic hypertro- 
phic subaortic stenosis and of phenotypic Turner’s 
syndrome in females are not known. Assuming that 
hypertropic subaortic stenosis may be seen in 5 per- 
cent of all cases of aortic stenosis (1/40,000 live 
births), its incidence would be close to 1/100,000 live 
births. If the incidence of phenotypic Turner’s syn- 





drome were 1/4 of genotypic Turner’s syndrome (4/ 
10,000 live-born female infants), its chance coinci- 
dence with hypertrophic subaortic stenosis would be 
only 1 in 1 billion live births. Simple coincidence is 
indeed unlikely. 

Diagnostic features: The present case illustrates 
the difficulties in making a diagnosis of idiopathic 
hypertrophic subaortic stenosis in small infants. Re- 
spiratory distress, cyanosis, poor tonus and difficul- 
ties in feeding in the neonatal period were associated 
with problems of delivery or undefined “odd facies” 
syndrome, or both. The patient’s condition was so 
precarious that cardiac catheterization or angiocar- 
diography was not deemed advisable. Moreover, the 
evidence of pulmonary stenosis was clear but, be- 
cause of the short murmur and lack of wide splitting 
of the second sound (Fig. 4), this obstruction was 
judged to be mild.® The third heart sound with mid- 
diastolic murmur and presystolic component at the 
lower left sternal border could be attributed to an 
associated atrial septal defect. Wide pulse pressure 
in infancy usually indicates a patent ductus arte- 
riosus, but the lack of a continuous murmur and a 
small left to right shunt at cardiac catheterization at 
age 11 months supported the judgment that the 
ductus was not the infant’s problem. The mitral 
insufficiency murmur, a double impulse at the apex 
and signs of left ventricular hypertrophy appeared 
late in the course of the disease. Even when the di- 
agnosis of idiopathic hypertrophic subaortic stenosis 
was made, palpation of the peripheral pulses could 
not detect pulsus bisferiens presumably because sys- 
temic arterial pressure in late systole was close to 
diastolic pressure. In retrospect, the femoral arte- 
rial tracing obtained at age 11 months disclosed no 
postextrasystolic potentiated beats (Fig. 6) suggest- 
ing presence of left ventricular outflow obstruction at 
that age. Although there was no clear mid-systolic 
dip on the femoral arterial pressure tracing, the pull- 
back tracing from the pulmonary artery to the right 
ventricle showed evidence of mid-systolic obstruction 
which was pathognomonic of idiopathic hypertrophic 
subaortic stenosis. 

Predominant right ventricular hypertrophy—in 
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A. Ilmonths of age: Femoral artery & pull back tracing from Pulmonary artery to right 


ventricle (timing 0.01 sec} 
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B. 5 years & limonths of age: Pull back tracing from left ventricle to aorta (timing 0.01 sec) 
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this patient, a previously described patient? and an- 
other patient with subpulmonic and subaortic ob- 
struction who died at age 1 month’—appears to be a 
common feature of congenital idiopathic hypertro- 
phic subaortic stenosis. Presumably in the fetal cir- 
culation, left ventricular outflow obstruction and de- 
creased compliance resulted in rechannelling of the 
blood flow through the right heart chambers, which 
became hypertrophic under the influence of in- 
creased flow and obstruction. Similarly, most pa- 
tients with aortic atresia or hypoplastic left ventricle 
show right ventricular hypertrophy at birth. 

In the present case, idiopathic hypertrophic 
subaortic stenosis was not recognized in infancy, and 
the patient was given digitalis. Unlike most subjects 
with this lesion, the patient showed apparent im- 
provement. Fainting or cyanotic spells became rarer, 
then subsided. Discontinuation of digitalis did not 
relieve mid-systolic obstruction, presumably because 
of interstitial fibrosis of the infundibular areas as 
seen on biopsy specimens. 

Indications for surgery: The decision to recom- 
mend corrective surgery instead of a trial with 
propranolol was influenced by: (1) natural history of 
sudden death reported with smaller left ventricular- 
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Aorta 


FIGURE 6. Pressure tracing at ages 11 
months and 5 years, 11 months. Top line = 160 
mm Hg. A, the femoral pressure shows respira- 
tory oscillation (dotted line). The post-systolic 
potentiated beats (arrows) are not higher than 
an expected average beat. The systemic pulse 
pressure is wide, but no mid-diastolic dip is 
seen. Hatched area represents the pullback 
tracing from the pulmonary to the right ventricu- 
lar (RV) infundibulum and right ventricle. Pres- 
sure is higher in the right ventricle than in the 
femoral artery, and mid-systolic dip is evident in 
the infundibular and pulmonary arterial pressure 
tracings. B, pullback tracing from the left ventri- 
‘cle to the aorta. Note the notch in the left ven- 
tricular pressure, which is at the same level as 
the initial upstroke in the subaortic pressure 
curve, and the mid-systolic dip in the aortic 
pressure curve. 


aortic gradients®; (2) severe and bilateral obstruction 
that increased myocardial work; (3) early evidence of 
mitral insufficiency that would further impair the 
forward output; (4) no evidence of increase of the 
valvular area index when digitalis was discontinued; 
and (5) the absolute valvular area of 0.49 cm? that 
would not accommodate body growth. 

Only after operation was performed in this patient 
did we become aware of a report on an 8 week old in- 
fant with idiopathic hypertrophic subaortic stenosis, 
who was successfully treated with propranolol for 3 
years.° At present it is uncertain whether primary 
treatment should be medical or surgical, although it 
would seem reasonable to assess the effect of propra- 
nolol before undertaking either method of manage- 
ment. 


Addendum 


Since submission of this paper, the following pub- 
lication has appeared: Ehlers KH, Engle MA, Levin 
AR, et al: Eccentric ventricular hypertrophy in 
familial and sporadic instances of 46 XX, XY Turner 
phenotype. Circulation 45:639-652, 1972. It appears to 
substantiate the existence of this syndrome. 
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Intermittent pulmonary hypertension and a pansystolic murmur 
suggesting mitral regurgitation curing ischemic chest pain are de- 
scribed in an elderly patient with a recent extensive inferior infarc- 
tion. Similar clinical and hemodynamic changes could be evoked by 
passive elevation of both legs. Acute diastolic volume load so pro- 
duced may induce acute myocardial ischemia and papillary. muscle 
dysfunction as a result of increased left ventricular wall tension and, 
hence, greater oxygen requirement in a patient with extensive coro- 
nary artery disease. 


Apical systolic murmurs due to mitral regurgitation in patients with 
acute. myocardial infarction are caused by papillary muscle abnor- 
malities, disturbed anatomic relations of the mitral valve apparatus 
or dysfunction of the left ventricular wall at the site of insertion of 
the papillary muscle.) Although the wide spectrum of types of clin- 
ical presentation and hemodynamic disturbance has been well de- 
fined,?-5-® sudden and recurrent fluctuations in these features have re- 
ceived little attention.1° 

In the following report we document the acuteness and severity of 
circulatory changes in a patient with a recent myocardial infarction 
and mitral regurgitation to provide some insight into the possible 
hemodynamic mechanisms responsible for the changing clinical pat- 
terns. 


Case Report 


A 73 year old retired black salesman was admitted to the Coronary Care 
Unit of the University of Chicago Hospitals and Clinics early in October 
1971 with an acute inferior wall myocardial infarction. In 1960 when he was 
62 years old, an acute anterolateral myocardial infarction developed for the 
first time, from which he made an uncomplicated recovery. In 1970 a sec- 
ond anterior infarct occurred and was complicated by transient right hemi- 
paresis. Early in.1971 he was readmitted with chest pain of increasing se- 
verity and symptoms of left ventricular failure. Clinical examination at that 
time indicated considerable enlargement of the heart, and a left atrial and 
left ventricular third heart sound were present. A short mid-systolic mur- 
mur was noted for the first time at the apex: Chest. roentgenogram con- 
firmed cardiac enlargement and fluoroscopic examination showed. poor con- 
traction of the apex of the left ventricle. Digoxin and diuretic agents. pro- 
duced considerable improvement. 

His most recent admission occurred in Oetober 1971 when he presented 
with an acute inferior wall myocardial infarction. Clinical: examination now 
showed increased jugular venous pressure with a prominent a wave, blood 
pressure of 110/85 mm Hg and a moderate sinus. tachycardia (rate 100°. 
beats/min}. A prominent left parasternal heave and apical impulse were 
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noted, and at the apex a loud pansystolic murmur was 
heard which radiated to the left sternal margin and was 
not influenced by respiration. The pulmonary component 
of the second heart sound was prominent, and the third 
and atrial sounds were still audible. Crepitations were 
present at-both lung bases. The electrocardiogram showed 
sinus rhythm, first degree atrioventricular (A-V} block 
and evidence of an acute inferior and old anterolateral 
myocardial infarction (Fig. 1). The initial chest X-ray 
film confirmed cardiomegaly with left ventricular enlarge- 
ment and pulmonary venous congestion. 

He was admitted to the Myocardial Infarction Research 
Unit where an intracatheter was inserted percutaneously 
(by way of an antecubital vein) into the right atrium and 
a Swan-Ganz flow-directed balloon catheter was inserted 
into the pulmonary artery from an arm vein. A fine poly- 
ethylene catheter was inserted percutaneously into the left 
brachial artery and advanced into the subclavian artery. 
Right atrial, pulmonary arterial and systemic arterial 
pressures were recorded and oxygen saturations measured. 
It was not possible to obtain a satisfactory pulmonary ar- 
terial wedge pressure determination. The cardiac output 
was determined by indocyanine green dye-dilution tech- 
nique with injection of dye into the pulmonary artery and 
sampling from the systemic artery. The phonocardiogram 
was obtained with a Cambridge microphone. The Hewl- 
ett-Packard (series 350) 8 channel photographic recorder 
was used for pressure, dye curve and phonocardiographic 
documentation. The patient was initially given intermit- 
tent parenteral diuretic therapy (furosemide), then main- 
tenance doses of digoxin. Over the subsequent week, great 
fluctuations occurred in his clinical status and pulmonary 
arterial pressure. The pansystolic murmur was intermit- 
tent and, when present, was associated with a prominent 
left parasternal lift and marked increase in pulmonary ar- 
terial pressure (Fig. 2). Absence of the murmur was asso- 
ciated with normal or slightly increased pulmonary arteri- 
al pressure. Intermittent cardiac pain at rest continued 
throughout this period and was associated with elevation 
of the pulmonary arterial pressure level and an easily au- 
dible pansystolic murmur. Both pulmonary hypertension 
and the murmur disappeared rapidly with relief of cardiac 
pain (Table I, Fig. 3). 

Documentation of transient mitral regurgitation: It 
was apparent that the murmur was associated with pul- 


TABLE | 




















FIGURE 1. 


Electrocardiogram, October 1971, shows sinus 
rhythm, first degree heart block, evolving inferior myocardial in- 
farction and old anterolateral infarction. 
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FIGURE 2. 





Simultaneous apical phonocardiogram (PCG) at 
200 Hz, carotid pulse and electrocardiogram (ECG, lead H). 
Paper speed is 50 mm/sec. A, patient at rest; B, patient's legs 
elevated. PSM = pansystolic murmur, S, = first heart sound; 
S: = second heart sound; S4 = atrial contraction. 


Hemodynamic and Phonocardiographic Changes During Chest Pain and Leg Elevation 





Pressures (mm Hg)* 








Heart Rate Pulmonary 
Intervention (beats/min) Arterial 
During spontaneous chest pain 90 87 /35(55) 
Patient comfortable at rest 75 32/17(22) 
Elevation of both legs 83 72/2735) 
Tourniquets to both thighs, 80 25 /12(16) 
which were then raised 

Release of tourniquets with legs 84 75/28(40) 


elevated 





n. Cardiac 
Right Output Stroke 
Atrial (liters/min) Volume (ml) Phonocardiogram 
a = 7(3) 2.1 26 Sa, Sg pansystolic 
murmur 
a = 4(2) 2.2 28 Ss, Su 
a == 7(3) 2.3 27 Sa Sa; pansystolic 
murmur 
a = 4(2) Soft S, S4 
a == 8(4) Sa Su pansystolic 


murmur 





* All pressures were measured with reference to the mid-chest position. 


Figures in parentheses indicate mean pressures. 
S; = teft ventricular third heart sound; S, == left atrial sound. 


November 8, 1972 The American Journal of CARDIOLOGY Volume 30 691 


MITRAL REGURGITATION AFTER MYOCARDIAL INFARCTION—LIPP ET AL. 






































FIGURE 3. Simultaneous electrocardiogram (ECG, lead |1), phonocardiogram (PCG at 100 Hz) recorded at the fifth left intercostal space 


in the mid-clavicular line with subclavian arterial, pulmonary arterial and right atrial pressure recordings. Paper speed is 75 mm /sec. A, 
patient at rest. SA = 116/68; PA = 32/17; RAa = 4. PCG demonstrates a soft Ss and $4. B, during spontaneous chest pain. PA = 87/35; 
PAa = 42; SA = 110/84 and RAa = 7. PCG demonstrates an S; and S, and soft pansystolic murmur. C, during leg elevation. PA = 72/27; 
PAa = 36; SA = 112/72; RAa = 7. PCG demonstrates Sa., S4 and soft pansystolic murmur. a = right atrial contraction wave; PA = pul- 
monary artery; PAa = pulmonary arterial a wave; RA = right atrial wave; S; = first heart sound; S2 = second heart sound; Sa = ventricu- 


lar filling sound; S4 = atrial contraction, SA = subclavian artery. 


monary hypertension, and several simple interventions 
were used to confirm the hypothesis that transient mitral 
regurgitation was the cause of the varying clinical and 
hemodynamic picture. Passive leg elevation was used to 
provide volume load and resulted in a rapid increase in 
pulmonary arterial pressure. The right atrial A wave in- 
creased from 4 to 7 mm Hg, and the pansystolic murmur 
returned; no cardiac pain developed during this maneu- 
ver, and lowering the legs resulted in a prompt decline of 
the pulmonary arterial pressure, reduction in the size of 
the right atrial A wave and disappearance of the pansys- 
tolic murmur. Passive leg elevation was then repeated 
with and without application of tourniquets to determine 
whether the observed effects were related to acute changes 
in venous return, and this was shown to be so. Elevation 
of the legs with the tourniquets inflated did not result in 
pulmonary hypertension or development of the murmur. 
Deflation of the tourniquets with the legs elevated was 
quickly followed by both pulmonary hypertension and 
reappearance of the pansystolic murmur (Table I). 

Systemic arterial and pulmonary arterial oxygen satura- 
tion values showed no change during alteration in the pa- 
tient’s status from rest to passive leg elevation. With the 
patient receiving intranasal oxygen (5 liters/min), the 
level of systemic arterial oxygen saturation was 98 percent 
and that of pulmonary arterial oxygen saturation, 60 per- 
cent. 

The patient’s subsequent hospital course was marked 
by slow improvement with anti-failure treatment but, sev- 
eral weeks after the acute myocardial infarction, transient 
mitral regurgitation could still be induced by leg elevation 
and also occurred during infrequent episodes of cardiac 
pain. 


Discussion 

This patient with known previous coronary heart 
disease, recent inferior myocardial infarction and se- 
vere left ventricular failure showed marked fluctua- 
tions in his clinieal signs and hemodynamic status 
which could be related to the development of inter- 
mittent mitral valvular regurgitation. Tricuspid re- 
gurgitation was an unlikely cause of the murmur 
since no increase in right atrial V waves occurred 
even during the profound pulmonary hypertension, 
and right atrial enlargement was not evident radio- 
graphically. Pulmonary hypertension secondary to 
acute hypoxia was excluded on the basis of lack of 
significant change in arterial oxygen saturation dur- 
ing and between such episodes. Although the under- 
lying disturbance in the function of the mitral valve 
apparatus was not defined by angiography, the evan- 
escent characteristics of the clinical and hemody- 
namic features suggested an intermittent distur- 
bance rather than a persistent one of the kind that 
might occur after a ruptured papillary muscle or 
ruptured chordae tendineae. 

Effect of diastolic volume load: Passive leg ele- 
vation was used to provide an acute volume load. 
That the clinical and hemodynamic changes were in- 
deed due to volume load secondary to an increased 
venous return was indicated by the absence of such 
changes during leg elevations with tourniquet ap- 
plied and their rapid development when the tourni- 
quets were released. 
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In the presence of poor left ventricular function 
and an inappropriately decreased left ventricular fill- 
ing pressure, a diastolic volume load might be con- 
sidered beneficial. Russell et al.14 demonstrated a 
significant improvement in left ventricular function 
using a volume load (low molecular weight dextran) 
in patients with acute myocardial infarction compli- 
cated by low cardic output and a low left ventricular 
filling pressure. The beneficial result was due pre- 
sumably to a significant Frank-Starling response in a 
diseased dilated left ventricle. However, in our pa- 
tient, such volume loading resulted in clinical and 
hemodynamic deterioration. Increase in left ventric- 
ular filling pressure as determined from the pulmo- 
nary arterial end-diastolic pressure? was associated 
with the development of acute mitral valvular regur- 
gitation, pulmonary hypertension and a reduction in 
the forward left ventricular strokework. Although di- 
latation of the mitral annulus is not considered a sig- 
nificant cause of mitral regurgitation,5:13 left ven- 
tricular diastole volume overload could disturb the 
anatomic relations of the mitral valvular apparatus, 
thereby inducing mitral regurgitation. However, the 
identical clinical and hemodynamic response noted 
during episodes of cardiac ischemic pain suggests an 
overlapping mechanism. A sudden increase in left 
ventricular volume and, therefore, intramural ten- 
sion may compromise an already tenuous oxygen 
supply to the left ventricular myocardium, thereby 
producing both acute papillary muscle and left ven- 
tricular wall ischemia and dysfunction. 14 

Pulmonary arterial end-diastolic pressure has been 
used to define left ventricular filling pressure,1 al- 
though this relation has recently been queried.1® The 
left atrial A wave, as defined from the pulmonary 
pressure recording, correlates well with the simulta- 
neous left ventricular end-diastolic pressure in pa- 
tients with acute myocardial infarction and has been 
used as an index of left ventricular filling pressure.1? 
The increased prominence of the left atrial A wave 


during spontaneous pain and volume loading is com- 
patible with an acute reduction in left ventricular 
compliance. An alternative explanation may be the 
constraining effect of the pericardium on an already 
dilated left ventricle, thereby limiting further dilata- 
tion and, hence, diastolic filling. 18 

Mitral regurgitation and papillary muscle dys- 
function: The association of significant clinical and 
hemodynamic deterioration in patients with long- 
standing controlled left ventricular failure after the 
sudden development of mitral regurgitation due to 
papillary muscle dysfunction is well documented.*-19 
The clinical and hemodynamic features of cardiac 
failure and acute mitral regurgitation differ from 
those associated with long-standing mitral regurgita- 
tion and cardiac failure. The finding of a prominent 
atrial sound, sinus rhythm, very high pulmonary ar- 
terial pressure levels and an undilated left atrium 
are not usually associated with the latter condi- 
tion. 2-20.21 

The incidence of papillary muscle fibrosis is high 
in patients who have died with recent or old myocar- 
dial infarction.?? A higher incidence of posteromedial 
papillary muscle necrosis associated with inferior in- 
farction has been noted at post-mortem study in 
those patients with clinical mitral regurgitation.19 In 
the experimental model, both ventricular wall and 
papillary muscle ischemia is necessary for the devel- 
opment of mitral valvular dysfunction. ?3 

Surgical indications: Although mitral valvular 
surgery has been suggested in the more severely 
compromised cases of acute mitral regurgitation and 
myocardial infarction,?4:25 the association of dys- 
function of the left ventricular wall and the extent of 
left ventricular myocardial disease become the limit- 
ing factors in determining the indications for and 
success of the surgical procedure.?® In the present in- 
stance, in view of the age of the patient and severity 
of his myocardial disease, surgical intervention was 
not considered. 
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Most episodes of pulmonary embolism are associated with nonspeci- 
fically altered or unchanged electrocardiograms. QRS and T abnor- 
malities of right ventricular “strain,” like significant circulatory 
changes, require 50 percent embolic obstruction and greatly in- 
creased pulmonary vascular resistance. Primary. T wave changes. 
appear to be related to increased. right ventricular mural tension 
exaggerating myocardial oxygen requirements and simultaneously 
compromising the oxygen delivery system. QRS axis and conduction 
changes result from acute right ventricular dilatation plus hypoxia of 
His-Purkinje system components. Diagnostic sensitivity is partly re- ` 
lated to time and frequency of monitoring. 

Bronchoconstriction due to serotonin release after embolic impact 
may produce P wave changes. Experimental studies indicate the 
protective effect of heparin (as an anti-serotonin agent). Some clini: 
cal and electrocardiographic variability may be related to prior treat- 
ment with many common medications which act as anti-serotonin | 
agents. 


The adult electrocardiogram is a net levecardiogram, owing to left 
ventricular forces which normally dominate those of the right ventri- 
cle and buffer the electrical effects. of acquired right ventricular ab- 
normalities. We expect very good recognition of right ventricular hy- 
pertrophy in many rheumatic and most congenital lesions.’ Right 
ventricular hypertrophy initiated after somatic growth ends fails to 
register in many patients with late-developing mitral disease and. in _ 
most with chronic cor pulmonale.? Indeed, with or without anatomic. 

right ventricular hypertrophy, right ventricular depolarization often 
is separately discernible only as terminal forces; that is, its comple- 
tion is delayed until after the main left ventricular vectors have been 
generated. On the other hand, biologic systems which can appear — 
stable in response to large changes often respond sensitively to the 
rate of change (for example, the electrocardiogram in electrolyte im- 
balances). Since pulmonary embolism of various degrees of severity 
is so frequent, the common failure of the weak right ventricle to pro- 
duce specific electric effects during this acute stress requires analy- 
sis. Even massive embolism does not consistently generate diagnostic 
or quasi-diagnostic changes in clinical electrocardiograms.*-> This. 
situation poses 2 interrelated lines of inquiry: (1) What are the rela- 
tions between the pathophysiologic effects of pulmonary embolism: 
and electrocardiographic changes and (2) why are these frequently. 
nonspecific, absent or missed? 
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© TABLE | 
“-Electrocardiographic Changes in Acute Pulmonary Embolism 





A. Normal or unchanged electrocardiogram: 
With or without *sinus tachycardia 


:: B, QRS complex 
1. Frontal axis shift: *right; left 
*2. Precordial transition (R = $) shift to left (clockwise 
rotation’) 
*3. Increased R/S ratio: Vi .. Va; decreased R/S Ve to V, 
*4. Right bundle branch bleck: complete; incomplete 
*5. Late right ventricular activation time with terminal forces 
anterior and rightward 
*6. Q wave in lead IHH (Qin aVF; Vi, Ve 
*7. S wave in lead | (Sr); Vs to Vai H; IH 
8. Slurred S ascent VaR, ViVe 


C.. J(S-T) junction 
*1, Depressed, “staircase” or “ischemic” configurations in I; 


Ve.. Vg H 
; 2. Elevated in Hl, aVR; V; 
-0 D. T Waves 
* Inverted in Hl, HI, aVF; Yi.. Vs; “+t aVF 
E. Atrial complex 
*1. P wave increased amplitude, peaked in II, IH, aVF; Vi Vs 
2. Ta wave in tl, IH, aVF 


F. Pseudo-acute inferior myocardial infarction patterns 
Elevated J(S-T), HI, aVF, with or without Qiri, ave Tin ave 

G; Rhythm disturbances 

1. Atrial: flutter; fibrillation; ectopic beats; tachycardia 

2. Ventricular: ectopic beats; tachycardia; fibrillation 

3. Atrioventricular: dissociation; junctional rhythm 
H. Atrioventricular block 

Usually first degree 





The leads most commonly involved are listed first. 
* “Typical”; quasi-diagnostic in appropriate combinations. 


Acute Electrocardiographic Changes in 
Pulmonary Embolism 


Table I lists the electrocardiographic changes asso- 
ciated with acute pulmonary embolism. Changes 
designated with an asterisk occur in various combi- 
nations representing right heart “strain” variants. 
Yet, while typical, one or more of these are recorded 
in disappointingly few cases (roughly 15 to 40 per- 
cent) considering all degrees of severity.3-® Thus, we 
usually fail to see a full-blown composite of right axis 
shift with S,Q,;;T,,;; pattern,” inverted T wave in 
leads V to V3 and leftward precordial transition 
zone, not to mention right bundle branch block vari- 
ants. Normal or unchanged electrocardiograms are 
common; sinus tachycardia is far more frequent than 
< serious rhythm disturbances and nonspecific T wave 
changes are the rule in many minor insults. More- 
over, “paradoxic” left axis shifts’:® and T inversions 
suggesting left ventricular ischemia!® are not uncom- 
mon; occasionally there are ST-T and even Q wave 
abnormalities typical of acute inferior myocardial in- 
farction.11 Figure 1 (top), the electrocardiogram of a 


patient with massive pulmonary embolism, is un- 
usually replete with diagnostic acute changes. 

In a careful study of 20 previously normal patients 
with 13 to 68 percent embolic obstruction, McIntyre 
and co-workers recently reported in this Journal 
changes diagnostic of right ventricular “strain” in 
only 1 and suggestive changes in 3, all of whom had 
over 47 percent obstruction, near maximal pulmo- 
nary pressure response (mean pulmonary arterial 
pressure 30 to 40 mm Hg), right ventricular failure 
and pulmonary vascular resistance levels over 500 
dynes cm sec~5.. Three patients with equal angiogra- 
phic obstruction and pulmonary hypertension had no 
electrocardiographic changes, making them electri- 
cally indistinguishable from 8 of 12 patients with a 
mean pulmonary arterial pressure less than 30 mm 
Hg. Wenger et al.” reported one or more “tradition- 
al” electrocardiographic signs in 31 percent of 78 pa- 
tients with at least 2 lobar arteries obstructed. 
Among 21 patients without prior cardiorespiratory 
illness who. were found to have at least 50 percent 
obstruction, Miller and Sutton® listed 17 with mani- 
festations consistent with right ventricular embar- 
rassment and 4 with normal electrocardiograms. A 
serious problem in comparing results among such ex- 
cellent studies is that the protocols differ significant- 
ly or leave important questions unanswered, for 
example, entirely retrospective analysis®; electro- 
cardiographic abnormalities reported at a precise 
hour after the occurrence of embolism but without 
a clear statement of whether they were new’; new 
electrocardiographic changes, but an imprecise 
statement of the times of study.4-5 Unfortunately, a 
single electrocardiogram must be but a single frame 
in a moving picture and there are no large-scale re- 
ports of patients whose embolism occurred during 
electrocardiographic monitoring. McIntyre et al.4 
uniquely minimized biases by demonstrating no sig- 
nificant observer variability in estimating obstruc- 
tion and coding electrocardiograms for blind inter- 
pretation. 


Pathophysiologic Bases of 
Electrocardiographic Changes 
Classic Abnormalities 


ST-T changes: Pulmonary embolism evokes 
complex interrelated reactions affecting the heart 
both as a muscle and a pump (Table II). The right 
heart chambers are subjected to acute dilational 
pressure and hypoxemic loads. Yet certain of these 
may be tolerated electrocardiographically unless 
they exceed some threshold. For example, a mini- 
mum of 50 percent pulmonary arterial obstruction. 
will dependably produce circulatory changes in ex- 
perimental animals?” and signs of right. ventricular 
“strain” in the majority of patients.4:5-3 The latter 
are distinguishable by markedly increased pulmo- 
nary arterial and right atrial pressures and decreased 
cardiac output,*:® the 3 components of markedly in- 
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FIGURE 1. Electrocardiogram in 
acute embolic cor pulmonale. Top, 
within minutes of collapse from 
acute pulmonary embolism. Junc- 
tional tachycardia with atrioventric- 
ular dissociation. S;Qi;;Rir; with 
mean QRS axis of +90°. QRS du- 
ration = 0.10 second. QR in V; 
with ventricular activation time {V 
AT) = 0.06 second; RS in Vz to 
Vz; transition zone is at V4 to Vs. 
J(S-T) is depressed in leads |, ł 

aVL, Vz to V7 and elevated in leads 
Hil, aVR, V4. T wave inversions are 
present in leads |, 11, aVF, Va-V7. 
Bottom, next day: Right ventricular 
“strain.” Sinus rhythm is present. P 
waves are peaked in leads V, to 
V4; bifid elsewhere. Mean QRS 
axis is +50°, QRS duration is 0.07 
second (the prominent S:Qrr has 
disappeared). There is an S wave 
in lead V, (QR is absent). The V 
AT is now normal (0.02 second). 
There is an RS wave in leads V2 to 
Vs (no longer in Vg and V7). Ap- 
parent electric alternation is seen 








in leads. Vz to V4. Asymmetric 
(“strain”) ST-T inversions are 
shown in leads ll, III, aVF, V; to 


V4. ST-T segment is less charac- 
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teristic in leads |, I1, Vs to V7. 


creased pulmonary vascular resistance—the physiol- 
ogic counterpart of massive anatomic obstruction. 
On the other hand, most embolisms produce moder- 
ate to marked hypoxemia (decreased PO and oxy- 
gen saturation), but this is not independently corre- 
lated with the electrocardiogram.* Moreover, the 
coronary arteries are severely taxed by a decreased 
pressure gradient owing to decreased aortic root 
pressure and increased right atrial and coronary ve- 
nous (including Thebesian veint?) pressures. Yet 
coronary flow is capable of increasing,!” through va- 
sodilatation, evoked by and tending to compensate 
for hypoxemia. Presumably, therefore, hypoxia con- 
tributes to electrocardiographic changes only in. con- 
junction with increased right ventricular end-diastol- 
ic® and systolic pressures and right ventricular dila- 
tation. By means of the Laplace relationship, these 
summate to exaggerate wall tension, producing myo- 
cardial oxygen requirements which may exceed the 
capacity of the coronary delivery system. Since repo- 
larization is most vulnerable to oxygen lack, a criti- 
cal combination of right ventricular hypertension di- 
latation and hypoxia must contribute to J(S-T) de- 
viations and T wave abnormalities, including the 
asymmetric ST-T inversions of right ventricular 
“strain.” 

QRS changes: Ventricular depolarization is 
affected by hypoxia and biochemical abnormalities 
insofar as these affect conduction in the myocardium 
and His-Purkinje system. Thus, injection of an- 
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TABLE II 


Acute Effects of Pulmonary Embolism Potentially Affecting 
the Electrocardiogram 





i. Hemodynamic 
A. Right heart chambers 
1. Right ventricular hypertension (due to pulmonary 
arterial hypertension) 
2. Right ventricular failure (increased right ventricular 
end-diastolic pressure; decreased cardiac output) 
3, ??? transient tricuspid regurgitation 
B. Left heart chambers 
1. Decreased stroke volume 
2. Decreased work load 
C. Coronary 
Altered pressure-flow relation 


H. Anatomic-Physiologic 

A. Myocardium 
1. Right ventricular dilatation 
2. Increased oxygen requirement 

B. Lung 
1. Ischemia or (less commonly) significant pulmonary 

infarction 

2. Bronchoconstriction 
3. Hypoxia, hypocapnia, respiratory alkalosis 


IH. Metabolic 
A. Hypoxemia 
B. Release of platelet serotonin; other amines 


IV. Autonomic 
A. Increased circulating catecholamines 
B. Tachycardia 
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-- giographic media into the right coronary artery pro- 
duces right axis shifts which are likely to be on a hy- 

- poxic or toxic basis.14 Pulmonary embolism regularly 
induces hypoxemia, but is further complicated by 
anatomic shifts owing to right ventricular dilata- 
tion!5 to which the orientation and sequence of QRS 
forces are responsive. Thus, right ventricular activa- 
tion time may be delayed within a normal total QRS 
duration (Fig. 1) so that “new” terminal rightward 
forces appear. Right bundle branch block (complete 
or incomplete) may also develop with slower termi- 
nal forces. In each, the QRS axis tends to move 
rightward and the precordial transition zone left- 
ward. Right ventricular dilatation® appears to con- 
tribute both anatomically and pathogenetically by 
altering the relation of the heart to precordial and 
limb electrodes and by variably slowing conduction 
in the right ventricle or the right bundle branch, or 
both, so that the right ventricle generates the termi- 
nal depolarization vectors. Within a normal QRS du- 
ration with terminal QRS forces oriented to the right 
and inferiorly (SQR), this resembles left poste- 
rior hemiblock, additionally suggesting delay in the 
posterior fascicle of the left bundle (ordinarily im- 
mune to all but very severe insults). With prolonged 
QRS, similarly oriented terminal forces including an 
anterior component (SQR, + RSR’ in lead V;) 
suggest bifascicular block—that is, left posterior 
- hemiblock plus right bundle branch block.1® ‘“In- 


-o complete right bundle branch block” (rSr’ in lead 


i Vi) may be partly on this basis, or related to dispro- 
> portionate involvement of the right ventricular out- 
flow tract and crista supraventricularis. 

Atrial waves: Single-peaked P wave prominence 
: (“gothic” P) or enlargement (P pulmonale) and 
rightward AP are found in few cases,® even with 
massive embolism,’ contrasting with their frequency 
in acute bronchospastic cor pulmonale (for example, 
acute asthma). Although transient tricuspid regurgi- 
tation might occur in pulmonary embolism (high 
right atrial v peak*), the paucity of P wave abnor- 
malities despite uniformly high right atrial pres- 
surest-8 suggests an extracardiac contribution when 
they do occur, as in the P wave changes of obstruc- 
tive lung diseases.17 A parallel mechanism exists: 
Lodgment of an embolus releases from attached 
platelets significant amounts of serotonin,’® a potent 
bronchoconstrictor. P wave changes may occur only 
during this effect which may not last long enough to 
be recorded in most patients. T, waves® seem to be 
related to tachycardia plus a sufficiently long P-R 
segment. 


“Nonclassic” Abnormalities 


Left axis shifts are surprisingly common.7-9-15 In 
many electrocardiograms mean right axis shift re- 
sults from rightward terminal forces; close inspection 
shows little or no change or even a slight leftward 
shift in the main QRS orientation. Leftward shifts 
are difficult to explain, since selective injury to the 
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FIGURE 2. A, frontal (F), right sagittal (S) and horizontal (H) 
vectorcardiograms in a dog given repeated injections of bacteri- 
al endotoxin (1 mg/kg) over 1 hour. At 60 minutes all 3 planes 
show a striking reorientation of QRS superiorly and posteriorly, 
The T loop is not reoriented. The T vector magnitude is increased 
almost 3 times (best seen in the sagittal plane). B, frontal (F), 
right sagittal (S) and horizontal (H) vectrocardiograms in a dog 
given intravenous heparin (300 u/kg intravenously) 30 minutes 
before endotoxin injections, as in Figure 1. At 60 minutes there 
is no significant change from control. 


anterior fascicle of the left bundle is unlikely. Extra- 
cardiac factors may be involved, as in obstructive 
lung disease, for example, the axis-illusion phenome- 
non.!7 Pseudo-inferior myocardial infarction can be 
mimicked by the Qiyjave, Tri,ave patterns. 
Occasional J(S-T) elevations and prominent Q 
waves suggest left ventricular involvement in the 
right coronary distribution, but this is uncertain and 
Q wave duration tends to be 0.03 second or less. 


Minimally Altered, Normal or Unchanged 


Electrocardiograms 


The electrocardiogram seems to be stable in mil- 
der forms of pulmonary embolism,*:5»? but this is oc- 
casionally so even in massive obstruction.?:® The ef- 
fect of preexisting cardiopulmonary disease is. uncer- 
tain, since this may not alter the incidence of partic- 
ular electrocardiographic findings in both animals?® 
and humans.” Interpretation of abnormalities in leads 
Vi and V2 may be confused because these are ‘“mul- 
tipurpose” leads, reflecting left ventricular antero- 
septal and posterobasal as well as right ventricular 
abnormalities. Finally, it is likely that many acute 
embolic effects are transient and that particular 
changes appear as a function of the time and fre- 
quency of monitoring, 
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Possible Role of 5-HT in Variability of Response 


Acute pulmonary embolism regularly results in re- 
lease of serotonin (5-HT) and other platelet-borne 
amines, producing both bronchospastic and va- 
sospastic reactions.1% Experimental interference with 
synthesis, release or receptors of 5-HT prevents these 
reactions.*° 

We?! observed the striking effect of prior heparini- 
zation in experimental pulmonary embolism by 
endotoxin (a potent model for embolic serotonin re- 
lease!*). Twenty dogs were given intermittent injec- 
tions of bacterial endotoxin over 1 hour. In random 
order, 9 dogs were given heparin intravenously before 
injection of endotoxin. Vectoreardiograms were ob- 
tained before and after endotoxin administration and 
analyzed without knowledge of which dogs had been 
heparinized. Both control and heparinized dogs re- 
sponded to endotoxin with comparable decreases in 
platelet count (P <0.01) and increases in respiratory 
rate (P <0.01). At 1 hour, 8 of 11 dogs given endo- 
toxin alone showed augmentation, or the new ap- 
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pearance, of terminal forces oriented to the right and. 
posteriorly or superiorly, or both (Fig. 2A). None of 
the heparinized dogs showed significant QRS loop: 
deviation from control recordings (Fig. 2B).?1 i 


Hypothesis and Proposal 


It may be significant that not only heparin, but a 
wide variety of commonly prescribed medications are - 
powerful serotonin antagonists, including reserpine, 
morphine, atropine, ergot, antihistamines, procaine, © 
phenothiazines, methyldopa, adrenolytic agents, an- 
tibiotic agents (for example, polymyxin), indole 
compounds, dipyridamole, isonicotinic acid hydra- 
zide and aspirin.1%-?9.22 It is possible that the many 
patients receiving one or more of these may be partly 
or entirely protected from at least the acute seroton- 
in impact of pulmonary embolism, modifying and 
perhaps preventing electrocardiographic and clinical’ 
manifestations. In patients with pulmonary embo- ` 
lism all prior and concurrent medications might well 
be investigated as a possible basis for variability in 
response patterns. 
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Malignant Coronary Disease 


JESSE E. EDWARDS, MD, FACC 


St. Paul, Minnesota 


Malignant tumors and cardiac disease seemingly 
have no relation to each other. Yet, there are two 
_. areas in which these states have common meeting 

= grounds, one physical and one conceptual. In the 
physical area, it is recognized that malignant tumors 
may affect the cardiovascular system either as pri- 
mary cardiac or as noncardiac tumors. The latter may 


do so either directly or indirectly. An example of di- 


rect involvement by a noncardiac tumor is metastatic 
.. disease to the pericardium; an example of indirect in- 
--volvement is systemic arterial occlusion resulting 


from embolism of valvular marantic vegetations that 


occur in instances of malignant tumors. Many more 
examples of physical effects exist. However, the pri- 


mary purpose of this communication, is to dwell upon 
“the conceptual meeting of malignant tumors and 


¿c cardiac diseases, particularly coronary heart disease. 

-. In dealing with malignant tumors, the physician 
recognizes his limitations when organic complications 
such as distant metastases have occurred. Mastec- 
tomy for a breast carcinoma is an accepted procedure. 
¿+ Yet, when signs of distant metastases are present, a 
mastectomy can hardly be considered a procedure 
designed to cure the patient. Similar reasoning ap- 
plies to coronary disease. Performance of bypass 
coronary surgery is logical as a palliative procedure 
when the primary disease can be predictably cor- 
rected by increasing blood flow beyond sites of coro- 
nary arterial obstruction and when the myocardium 
has the potential capability of. compensated per- 
formance. When disease beyond the surgeon’s scope 
of action is present, the operation cannot be justi- 
fied. 

The two features of coronary disease that can be 
compared with metastatic disease within this concept 
are (1) occlusive disease involving distant segments 
of involved arteries, and (2) loss of myocardium from 
previous myocardial infarction. No plan for operation 
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is logical if either condition cannot be excluded or, 
if present, cannot be corrected. 

Identification of lesions in distal segments is not 
always possible; there is still room for improvement 
in angiographic interpretation. Even if such lesions 
are identified, uninvolved segments beyond obstruc- 
tions may be too narrow to provide a suitable channel 
for carrying a significant. amount of blood from a 
graft. No matter how clear the angiographic picture of 
the coronary arteries and no matter how great the 
potential for performing appropriate bypass anasto- 
mosis, the decision for operation must be held in 
abeyance until a determination of the state of the left 
ventricle is made. If left ventricular studies reveal in- 
competence of the chamber, this finding should serve 
as a red flag on the road to operation. Unless there is 
a lesion of the left ventricle that may safely be re- 
moved, such as a localized aneurysm, and there are no 
other significant left ventricular lesions, I believe 
that left ventricular incompetence is a contraindica- 
tion to operation, 

Thus, in the field of coronary disease, states may 
be reached that are comparable to some states in 
malignant tumors—namely, although an operation 
ean correct the primary condition, secondary effects 
stand in the way of hope of improvement from its 
application. 

Coronary disease is not the only circulatory disease 
that can be compared with malignant tumors. A com- 
panion is ventricular septal defect. The patient with 
the latter condition who- has extensive pulmonary 
vascular disease is no more.a logical candidate for 
cure by closure. of the ventricular septal defect than is 
the patient with breast carcinoma and metastatic 
disease of the spine for a mastectomy. 

Within the enlightened public, there are innumer- 
able persons with serious coronary disease who want 
the “new operation.” Although “enlightened,” the 
afflicted patient usually lacks a profound under- 
standing of the complexities of his problem. It is up 
to the medical profession to temper the pressure from 
the patient and to deal objectively with the facts in 
the individual case. Unless this is done, the logical 
foundations upon which the bypass operation is built 
will crumble from misuse. 


700 November 8,1972 The American Journal of CARDIOLOGY Volume 30 


Evaluation of Cardiac Conduction in the Cardiac 


Catheterization Laboratory 


KENNETH M. ROSEN, MD, FACC 


Chicago, Illinois 


The cardiac catheterization laboratory is well estab- 
lished as an area where hemodynamic functions and 
cardiac structure are evaluated with pressure record- 
‘ings, cardiac output determinations and angiograph- 
ic studies. The normal values for routine diagnostic 
determinations are well defined. Specific abnormali- 
ties of structure, function, or both, may suggest spe- 
cific medical or surgical therapy. 

In contrast, the evaluation of cardiac conduction 
in the catheterization laboratory is in its infancy. 
Normal values are still being defined. Nomenclature 
varies from group to group, as do techniques and 
methods of measurement. The therapeutic implica- 
tions of these electrophysiologic studies ere not 
clear-cut. This editorial briefly describes the tech- 
niques available for evaluation of conduction in the 
catheterization laboratory and defines several clini- 
cal situations where such evaluation may have thera- 
peutic implications. 

Scherlag and co-workers! stimulated the develop- 
ment of diagnostic electrophysiology by describing a 
simple, safe and reliable right-sided catheterization 
technique for recording His bundle (H) potentials in 
man. Recording of these potentials, invisible on the 
surface electrocardiogram, has provided useful and 
important information on conduction disease in 
man.? Right bundle branch potentials may also be 
recorded from the same electrode catheter when it is 
passed into the right ventricle.? Left bundle branch 
potentials may be recorded from another electrode 
catheter passed across the aortic valve into the left 
ventricle.4 The recording of atrioventricular (A-V) 
nodal potentials has also been reported, although all 
workers do not agree upon their validity.? Internodal 
tract potentials are not recordable under ordinary 
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circumstances but. may become so when atrial and 
internodal tract depolarizations are out of phase be- 
cause of intraatrial conduction disease.® 

Sinus nodal potentials have not been recordable 
by catheter techniques in man. This inability proba- 


bly reflects the epicardial location of the sinoatrial: 


(S-A) node as well as the low magnitude of S-A 
nodal depolarization. However, several aspects of 
sinus nodal function may be evaluated in the cathe- 
terization laboratory. The most important of these 
appears to be measurement of the asystolic period: 
after cessation of rapid pacing (sinus nodal recovery 
time).6.7 
His bundle recording: Although several conduc- 
tion tissue potentials are recordable, the most acces- 
sible to the exploring electrode is that of the His 
bundle. Recording of H potentials in patients with 
intact conduction allows subdivision of the P-R in- 
terval into:several subintervals. These are: P-A, 
from the onset of the surface P wave to the atrial 
electrogram; A-H, from the atrial electrogram to the 
H potentials; and H-V, from the H potential to the 
onset of the QRS. P-A is a measure of conduction 
time from high to low right atrium; A~H, a measure 
of A-V nodal conduction; and H-V, a measure of 
conduction time from His bundle to ventricular acti- 
vation. The normal values for our laboratory in pa- 
tients without conduction disease are as follows. | 
(mean + 2 SD): P-A 27 + 18 msec, A-H 92 + 38 
msec and H-V 43 + 12 msec. At present, the demon- 
stration of P-A or A-H prolongation, although 
suggesting intraatrial conduction delay or A-V nodal 
dysfunction, does not usually imply clinically severe 
conduction disturbance. In contrast, H-V prolonga- 
tion suggests the presence of His bundle disease or 
bilateral bundle branch disease, or both, with poten- 
tial risk of heart block, Stokes-Adams attacks and 
sudden death.}:3:9 In a patient with bundle branch 


block, H-V is a measure of conduction time in the.” . 


remaining functioning bundle branch. Correlation of 
His bundle recording and serial section of the con-_ 
duction system in 3 patients with bundle branch 
block revealed that H-V prolongation reflected se-.. 
vere sclerodegenerative bilateral bundle branch dis- 
ease.!° At present, H-V prolongation in the asymp- 
tomatic patient with bundle branch block is not an 
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indication for pacemaker insertion. However, in pa- 
tients with bundle branch block and suspected 
bradyarrhythmias, H-V prolongation supports the 
decision to implant a demand pacemaker. 

Atrial pacing: Provocative stress of the conduc- 
tion system with atrial pacing may allow demonstra- 
tion of conduction disease not apparent during con- 
trol recording.2? Atrial pacing at rapid heart rates 
normally induces type I (Wenckebach) second degree 
block proximal to the His bundle.?:8.9 The develop- 
ment of block distal to H with rapid pacing is an ab- 
normal finding, implying disease in the His-Purkinje 
system.® Failure to demonstrate block distal to H 
with pacing does not imply the absence of such dis- 
ease. This is true because (1) the A-V node may 
limit conduction and prevent rapid impulse penetra- 
tion into the His-Purkinje system thus preventing 
demonstration of block, and (2) the diseased His- 
Purkinje system may be unpredictable and may con- 
duct at rapid rates on one occasion but fail to con- 
duct at similar or slower rates on another occasion. 

A-V block: In patients with second degree A-V 
block, analysis of His bundle recordings has im- 
proved the accuracy of the surface electrocardiogram 
in predicting the site of block. In patients with type 
I block and narrow QRS, block. is usually A-V nodal 
(proximal to H) and generally reflects self-limited 
conduction disease.!! In patients with type II block 
(Mobitz) and narrow QRS, block may be either in 
the A-V node (proximal to H) or in the His bundle 
(block distal to the H recording site, or block with 
“split” H potentials).12-14 A-V nodal block appears 
to be relatively benign; block in the His bundle ap- 
pears to be more malignant. In patients with wide 
QRS complexes and second degree or type I or H 
block, the site of block cannot be diagnosed from the 
surface electrocardiogram, since both types I and H 
block can occur in either the A-V node or His-Purk- 
inje system.’ His bundle recording is especially use- 
ful in these patients. Demonstration of second degree 
block in or distal to H suggests that pacemaker in- 
sertion may be needed. 

In patients with advanced or complete A-V block, 
His bundle recording allows a determination of the 
site of block. As in second degree block, patients 
with narrow QRS complexes have block in or proxi- 
mal to the His bundle, and patients with wide QRS 
complexes have block proximal to, in or distal to H. 
Ventricular rate in most cases does not allow deter- 
mination of the site of block, since most patients 
with chronic heart block have ventricular rates be- 
tween 32 and 47/min regardless of the site of block. 
Dizziness, confusion and symptoms of heart failure 
occur commonly in patients with block at any of the 
3 sites. Syncope, the most. life-threatening symptom 
of heart block, is more common with block distal to 
H (71 percent of cases) than with block proximal to 
(29 percent of cases) or in the His bundle (25 percent 
of cases).15 Pacemaker insertion is indicated in pa- 
tients with symptomatic heart block at any site. In 
asymptomatic patients, demonstration of block dis- 


tal to H is an indication for pacemaker insertion be- 
cause of the increased risk of Stokes-Adams attacks 
and sudden death. 

Sinus node disease: Electrophysiologic studies 
are also useful in patients with bradycardia second- 
ary to sinus node disease. Sinus nodal recovery time 
in a group of patients with apparently normal sinus 
nodal function averaged (mean + SEM) 1,041 + 56 
msec upon cessation of rapid atrial pacing.” In pa- 
tients with symptomatic sinus node disease, the 
period of depression after cessation of pacing may be 
as long as several seconds.®:7 In patients with dizzi- 
ness or syncope associated with sinus bradycardia, 
the finding of a prolonged sinus nodal recovery time 
may be an indication for pacemaker insertion. 

Tachyarrhythmias: These may be investigated 
in the catheterization laboratory. In patients with 
ectopic beats characterized by wide QRS complexes, 
His bundle recording allows demonstration of wheth- 
er the origin is supraventricular or ventricular. The 
presence of H potentials with normal or prolonged 
H-V intervals preceding each QRS suggests a supra- 
ventricular origin; the presence of short H-V inter- 
vals or absent H potentials suggests that abnormal 
complexes arise from the bundle branches or distal 
Purkinje system.?:16.17 When antiarrhythmic thera- 
py seems indicated but the differentiation of supra- 
ventricular and ventricular beating by surface elec- 
trocardiographic criteria is difficult, His bundle re- 
cording is useful. 

Patients with paroxysmal supraventricular tachy- 
cardia represent a specific group of subjects in whom 
electrophysiologic studies are helpful. Recent studies 
using coupled atrial stimulation and His bundle re- 
cording suggest that most supraventricular tachycar- 
dias are reentrant, with the A-V node as the site of 
reentrance.18:19 In patients with supraventricular 
tachycardia, coupled atrial stimulation during spe- 
cific portions of the A-V nodal relative refractory pe- 
riod (echo zone) provokes repetitive reentrant: ar- 
rhythmias. In patients with suspected episodes of 
supraventricular tachycardia, the use of coupled 
pacing may provoke supraventricular tachycardia 
and allow a definite diagnosis. Once induced, the 
episodes of tachycardia are easily converted to sinus 
rhythm with appropriately timed atrial stimulation. 

Wolff-Parkinson-White syndrome: In patients 
with a short P-R interval and prominent delta 
waves, the electrocardiographic diagnosis of preexci- 
tation is clear. In patients with a normal P-R inter- 
val or only minimal initial slowing of the QRS com- 
plex, the diagnosis of preexcitation may be difficult. 
Atrial pacing at rapid rates in patients with anoma- 
lous A-V connections may accentuate ventricular 
preexcitation by slowing the normal A-V pathway 
without concomitant slowing of the anomalous path- 
way.29.21 Demonstration of functional dissociation of 
the normal A-V pathway (A-H interval) and the 
anomalous pathway (P-delta intervals) using atrial 
stimulation strongly supports the diagnosis of preex- 
citation.2°.21 Premature atrial stimulation in pa- 
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tients with preexcitation may provoke reentrant ar- 
< rhythmias.?? Diagnostic electrophysiologic studies 
are helpful in patients with preexcitation or suspect- 
ed preexcitation when tachyarrhythmias are suspect- 
ed but not proved. Study of such patients frequently 
results in an electrophysiologic diagnosis, allowing 
proper therapy to be instituted. 
In summary, I have reviewed several instances in 
which electrophysiologic studies provide clinically 
useful information. Electrophysiologic evaluation of 
- conduction used as a research technique can be ap- 
¿pled to a much larger range of problems. Who 
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Should mayonnaise be included in a fat-controlled diet? 


Yes. Because Real Mayonnaise is 
77% liquid vegetable oil. 


Although made with fresh whole 
eggs, by far the major ingredient in 
Hellmann’s®/Best Foods® Real 
Mayonnaise is liquid vegetable 
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unsaturates. 


Yes, Because Real Mayonnaise 
is low in saturated fats. 
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Hellmann’s/Best Foods Real 
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of the Inter-Society Commission for 
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Yes. Because Real Mayonnaise 
is high in polyunsaturates. 
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Foods Real Mayonnaise. Because 
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about 2.0% of the daily cholesterol 
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Disease Resources. 
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calories, saturated fat anc choles- 
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Inter-Society Commission for Heart Disease. 
Resources, containing 35% of calories from. ` 
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Nitrostat (nitroglycerin) 
“potency-protected” 
sublingual nitroglycerin 


ta bi et Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 
NITROSTAT is the “potency-protected” sublingual nitroglycerin 
you should prescribe, Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.8 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles, 


Nitrostat...uniform potency retention 
| NITROSTAT tablets stored in glass bottles at 37 C. for 


one month: bottles opened two minutes per day, 
five days per week, ; 








@ Assay values for each of 20 tablets assayed 
separately, Tablets stored without filler in bottle. 
Range—-97 to 110.89% label claim; 
average-—104.49% 


-Ø Assay values for each of 20-tablets assayed 
separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—-99,68% 


| Assay range—four-additional lots: stored without 
filler in bottle S 


i Assay range—four additional lots stored with 
§ filter in bottle ‘ 


PARKE-DAVIS zu 
PARKE, DAVIS & COMPANY Label 
Detroit, Michigan 48232 Claim 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY MULTIMEDIA PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 






e/a ee 
AMERICAN COLLEGE OF 


CARDIOLOGY EXTENDED LEARNING 





A multimedia program which brings 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of 
cardiovascular disease to its subscribers each month. Panel discussions, 
interviews with noted autharities, self-assessment, 35 mm slides 

and a monthly personal continuing education notebook are supplied 
as part of this exciting professional service. 


Join the more than 4,500 subscribers who are listening each month. 
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General Electric 
patient monitoring systems 
reflect homework, 
not guesswork 


We visit hospitals. Talk with 
administrators and critica! 
care teams. Then build 
equipment prototypes— 
test and retest. But every 
effort worth it. 


Our full line of modular 
patient monitoring systems 
is a direct response to what 
hospitals told us such systems 
should be. Systems that 
reflect GE's commitment to 
provide whatever it takes to 
meet the real patient care 
needs in hospitals like yours. 
For now. And for the long 
haul too. Full-spectrum 
systems which combine 
electronic stability, patient 





safety, accuracy and 
lasting reliability. 


That's true wherever patient 
care demands a continual, 
up-to-the-moment input of 
information. In ICU/CCU 
areas. In intermediate care. 
Surgery. Emergency. Even 
pediatrics. 


But, let's be specific. 


GE emphasizes safety 
throughout. So, we optically 
couple our ECG amplifiers 
to isolate patients from 
ground as a protection 
against shock hazards. 


As critical care areas grow 
and change you'll appreciate 
GE's modular flexibility; 
monitoring configurations 
that make optimum use of 
available space. Systems can 
be combined and/or 
interchanged without 
revamping the entire 
installation. 


For ambulatory patients, you 
can extend your critical care 
team's watchful eye via 
telemetry. The system 
transmits and displays data, 
for up to 20 patients, from 
distances of 300 or more 
feet away. 





And, you can provide 
procedure room radiographic 
capability at bedside for 
critical care patients with 


GE's AMX-110™ auto/mobile 
x-ray system. It's cordless; 
no expensive wiring needed. 
Features variable speed 
power drive so even the 
smallest tech can handle it. 


To help you get these, and 
our many other patient care 
systems, GE Mind-Easer 
Leasing Plans provide 
financial peace of mind. 


Ask your GE representative 
for all the details on 

General Electric total critical 
care systems. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, Liege. 
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A special offer for new subscribers 
to the world renowned ‘‘Green Journal” 


THE AMERICAN JOURNAL OF MEDICINE 


14 issues for the price of a regular one 
year (12 issues) subscription 


Editor 
Arthur J. Antenucci, M.D. 


Associate Editor 


William J. Grace, M.D. 


Recognition of the esteem the “Green Jour- 
nal” has achieved in the physician’s continu- 
ing education is attested to by its circulation 
of 28,000, by far the largest of any independ- 
ent, internal medicine journal. 


Take advantage of this special introductory 
offer now. Use order form below. 


THE AMERICAN JOURNAL OF MEDICINE 
666 Fifth Avenue, New York, N.Y. 10019 
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Write on, 
Write on... 


Write on with a more legible, higher quality trace. 


Write on less expensive paper, for substantial savings in paper costs. 


Write on long after other ECG systems need new pens. 


The new MDI-2000 — a unique new tool for 
electrocardiology. Our servo pen motor 
provides sharper, clearer readout. A non- 
thermal pen system saves us a step in paper 
production, and thus saves you about 1 
in paper costs. 


The clear, high quality trace never varies, 
because unlike all other ECG machines, the 
MDI-2000 has a pressure-ink writing system. 
This means the pen is always ready to write, 
there are no leaks when the unit is off and 
stylus replacement is eliminated. And a 
drop-in cassette makes reloading of paper 
easier and faster. 


The new MDI-2000. The only system of its 
kind available. And the only fully automatic 
machine in its price range. Write today for 


mD 


our complete AHA test report. We’ll also 
send you a typical MDI-2000 electrocardio- 
gram, so you can see for yourself the crisp 
ECG’s this new system produces. 
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IS¥STEMS| Med Data -- - On record for innovation 


Please send more information about the MDI-2000’s unique writing 
system, along with a sample test report. 
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| Institution 
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| 
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Return to: Med Data, Inc., Dept. AJ 
2715 Marshal! Court, Madison, Wis. 53705 
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| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


A-63 


the original 
electrode cream 


uno gp 44biam jou 


proven 
by time! “we” 





ae 
ea—— BURTON, PARSONS & C0., INC. 
kh Manufacturers of Ethical Pharmaceuticals Since 1885 
Washington, D.C. 20027 


dispenser size. 


A-64 


LETTERS TO THE EDITOR 


PACEMAKER PANIC 


Despite considerable interest in cardiac pacing, little at- 
tention has been granted the psychological implications of 
permanent implantation.1 Anxiety and depressive reac- 
tions may appear at the time of the initial operation, 
pacemaker clinic visits or replacement of the battery 
pack. 
The dramatic impact of a sudden Stokes-Adams seizure 
fills the elderly patient with terror, and his fear is height- 
“ened by recurrent attacks and resuscitative efforts. Apa- 
= thy, accompanied by morbid thoughts and profound de- 
pression, may prompt a reluctance to accept pacemaker 
“implantation. The terms heart block and heart steppage 
create disturbing fantasies for patients. The casual atti- 
tude of hospital staff members to this “minor” procedure 
_ is in marked contrast to the major significance attributed 
‘to the illness and pacemaker by the elderly patient and 
his family. For less symptomatic middle-aged patients, 
pacemaker therapy creates a feeling of premature bodily 
deterioration with mechanical dependency. 

“The need for electronic surveillance through a pacemak- 
er clinic implies that some component may fail, creating a 

fear of impending disaster in the patient.? Our cautions, 
restrictions and instructions in pulse-taking (all part of 
our initial enthusiasm) have similarly contributed to 
“pacemaker panic.” Patient anxiety is often augmented 
by the family doctor’s lack of familiarity with pacemak- 
ers. Some patients are disturbed by the “‘standby” con- 
‘cept, making analogies to the unreliability of batteries in 
- everyday life. Many focus considerable attention upon the 

pacemaker’s bulge, becoming preoccupied with the unit 
(the ‘“‘pacemaker-twiddler’s” syndrome).? Some attribute 
all the symptoms of aging to the battery pack, and others 
become alarmed when their doctors will not treat general 
illnesses because of the pacemaker. 

The criteria employed for pulse generator replacement 
in our clinic are similar to those already advocated.* How- 
ever, the elective time interval is the commonest reason 
for replacement. Patients fear travel in the 18 to 24 month 
period and are often anxious to have the battery replaced 
early. This is noted frequently in the fall, when patients 
are planning to travel south. Patients within metropolitan 
areas may be followed up closely until a sufficient change 
in the pacer spike interval appears to warrant replace- 
ment. Some patients become agitated by this waiting and 
watching procedure. We have further noted that patients 
become emotionally dependent upon the surgeon who ini- 
tially inserted the unit; this creates anxiety since the sur- 
geon “on call” now replaces batteries on an outpatient 
basis. Some patients are severely depressed at the time of 
pulse generator replacement (“replacement desponden- 
cy”), feeling that life is being prolonged artificially. Both 
depression and anxiety are intensified if there has been 
erratic behavior or premature failure of the pacemaker 
components. In a few instances, when we believed it mor- 
ally unjustifiable to replace a failing pacemaker in the 
very infirm or paralyzed nursing-care patient, neurotic 
dependency needs or considerable guilt within the family 
has created sufficient pressure to force replacement. 

In most cases, implantation of a permanent pacemaker 
is a simple and satisfying procedure to both surgecn and 


patient. Nonetheless, it is the responsibility of all physi- 
cians, especially those involved. with pacemaker clinics, to 
be aware of potential psychological disturbances. Simple. 
explanations, reassurance, education of community prat- ` 
titioners, the use of trans-telephone monitoring from the 
home and replacements of the battery pack at the local 
hospital may alleviate pacemaker patients’ anxiety and 
promote a wholesome, optimistic outlook. 


Bernard S. Goldman, MD, FRCS(C), FACS 
Edward J. Noble, MD, FROP(C) 

David ©. MacGregor, MD, FRCS(C) 
Departments of Surgery and Medicine 
Toronto General Hospital 

Toronto, Ontario, Canada 
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SUDDEN INFANT DEATH SYNDROME 


Sudden infant death syndrome (SIDS), also known as. - 


“crib death,” is a major cause of infant mortality after the 
first month of life. The incidence of SIDS in the United 
States is estimated to range from 7,400 to 10,500 deaths 
per year. The exact cause of the syndrome remains un- 
known, but data from carefully conducted epidemiologic 
studies carried out over the past 5 years have helped to 
identify the population most at risk and in the process 
have yielded important observations of possible underly- 
ing mechanisms and relationships to its occurrence. 

The National Institute of Child Health and Human De- 
velopment, one of the National Institutes of Health, is 
embarking on an expanded research program aimed at 
solving the problem of the sudden infant death syndrome. 
Seven areas of emphasis are identified for investigation: 

1. Developmental neurophysiology as it may relate to 
the sudden infant death syndrome with particular empha- 
sis on abnormal sleep patterns associated with autonomic 
disturbances which may interfere with vital functions. 

2. Respiratory-cardiovascular responses to stimuli, such 
as hypercapnia and hypoxia, and unusual vagal effects in 
relation to susceptibility to the sudden infant death syn- 
drome. 

3. Problems related to the developmental aspects of 
thermodynamics and relevant ambient conditions which 
may be associated with the sudden infant death syn- 
drome. 

4. Abnormal perinatal development of immune re- 
sponse mechanisms with emphasis on the relationship of 
deficits in immunologic competence as a predisposing fac- 
tor in the occurrence of the sudden infant death syn- 
drome. 
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~B. Psychological processes experienced by parents, other 
relatives, and the community in association with the oc- 
‘currence of a sudden infant. death. 

6. Epidemiology of the sudden infant death syndrome. 

7. Anatomic pathology of the sudden infant death syn- 
drome. 
: For additional information and research grant applica- 
tion kits, please write to Dr. Eileen G. Hasselmeyer, Pro- 
gram Director, Perinatal Biology and Infant Mortality 
Branch, National Institute of Child Health and Human 


Development, Bethesda, Md. 20014. 


Joseph C. Hwang, PhD 
National Institute of Child Health and Development 
Bethesda, Maryland 


RENAL VASODILATATION 
. AFTER MYOCARDIAL INFARCTION 


_ In response to the recent article by Hanley et al.,} there is 


no mystery about renal vasodilatation in the face of general 
“vasoconstriction. after myocardial: infarction in dogs. Long 
ago Homer Smith showed that. minute doses of pyrogen 


~~ caused maximal rates of excretion of diodrast in dogs or 


men, and produced maximal renal blood flow. All dead 
tissues yield pyrogens, and renal vasodilatation ‘would: be 
‘expected to begin within 1 or 2 hours. after necrosis. of 


_obrain, spleen, lung or heart muscle. Had Hanley et al. 


continued their observations for 4 to 6 hours, renal vascu- 


“Jar resistance would probably have decreased to 50 per- 
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cent in some dogs and to less: than. 80 percent in all. This 
might last until all febrile and leukocytie response had 
subsided. In Smith’s patients given inulin contaminated 
with pyrogen, the usual skin vasoconstriction that accom- 
panies chills certainly was present during maximal renal 
blood flow. 

William Dock, MD, FACC 

New York, New York 
References 
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THE AUTHOR REPLIES 
Dr. Dock’s comments. are most interesting and suggest ad- 
ditional factors that may be involved in the response of 
the peripheral cireulation to myocardial infarction. In the 
study referred to, however, the. initial renal vasodilatation 
was demonstrated. to be of reflex origin. Thus, each kidney 
was demonstrated to be innervated and was: perfused at 
constant blood. flow, with a delay circuit built into the 
perfusion tubing such that humoral factors and other sub- 
stances potentially released at the time of the coronary 
arterial occlusion were excluded from reaching the kidney 
during the time that the initial vasodilatation occurred. 
Thus, pyrogens could not bea factor in the initial re- 
sponse. ‘Nevertheless, as mentioned in the article, the pos- 
sibility was not excluded that other factors might. contrib- 
ute to the later sustained vasodilatation found. 

Henry G. Hanley, MD 

Houston, Texas 


-BOOK REVIEWS 





Clinical Disorders of the Heart Beat, third edition, by 
“Samuel Bellet. Philadelphia, Lea & Febiger, 1,370 pages, 
< 1972, $52.50. 


“Something old, something new; something borrowed, 
something blue.” 

-The wedding rhyme of unknown authorship partially 
describes the current edition of Clinical Disorders of the 
Heart Beat by the late Samuel Bellet, but unfortunately 
the balance of these ingredients is not always in favor of 
the text. Dr. Bellet undertook a major revision of a text 
that has been considered a standard—an unenviabie task 
especially for a single author. In a field where newer diag- 
nostic and therapeutic information is becoming available 
at an ever increasing rate, the challenge has been met ad- 
mirably. This edition will continue to be one of the best 
reference books available. 

The edition has been divided into six sections. Section 1 
includes anatomic, physiologic and hemodynamic consid- 
erations; section 2, the individual arrhythmias; section 3, 

general diagnostic procedures; section 4, arrhythmias en- 
countered in certain clinical states; section 5, cardioactive 
drugs; and section 6, a discussion of the primary proce- 

dures other than drug therapy. i 

Features that contribute to this work’s impressiveness 
are its continuity in readability and terminology, the latter 
explained by the author with reasons for his preferences. 
The many illustrations, and: especially the summaries in 

boxed form located strategically throughout the text, fre- 

quently clarify discussions of modes of therapy. 

‘The. initial section could well be published separately 


because of its flowing review of the current attitudes 


toward anatomy and physiology of the cardiac electrical 
< system. Utilization of material from original articles has 
“been accomplished with only rare indications that the 
“borrowed” diagrams. are slightly out of context in rela- 
tion to the original author’s text. In the newer areas of di- 
agnostic electrocardiography the author has superbly con- 
densed: material often presented in a complicated fashion 
-and summarized it succinctly, readably, yet completely. 

As a reference and library volume on cardiac arrhyth- 
mias, this text is more than adequate. Its coverage of 
rhythm disturbances, excellent index and well sereened 


bibliographies at the end of each chapter are above re- 
proach. The glossary at the end of the book is good and 
provides proof of the continuity of terminology used 
throughout the text. 

In only two areas is the effectiveness of the work some- 
what weakened. The description of objective findings as- 
sociated with certain cardiac arrhythmias tends to drift 
frequently to what the electrocardiographer would expect. 
to find rather than to what is actually: observed at. the- 
bedside clinically. A more crucial area of weakness can be” 
found in the discussion of therapy for arrhythmias. A quo- 
tation from Alexander Pope’s “Essay on Criticism,” can- 
best characterize many of these discussions: “. 
the last to lay the old aside.” The author seems reluctant 
to break away from discussions of therapy used in previous 
editions, thereby exposing the reader to lengthy dis- 
sertations of generally outmoded therapy and allowing 


only minimal space for coverage of more. currently accept- 


ed therapy. Fortunately, the outline summaries have been: 
updated and give succinct plans of treatment appropriate 
for a text as current as this publication. i 

The final sections on the use of drugs and other thera- 
peutic procedures add important information to the tèxt. 
Discussions of the cardioactive agents used in the man- 
agement of patients with cardiac arrhythmias are particu- 
larly well done and contain a wealth of information on the 
actions of these drugs essential for the. physician. treating 
patients. It is unfortunate that more extensive coverage 
could not have been given to the forms of electrical thera- 
py available, especially those that offer potentially greater 
patient safety than some forms of traditional drug thera- 
py. Some of these forms of therapy are either not covered 
or given only cursory mention in earlier sections. How- 
ever, the index performs the essential function of tying 
these elements together. 

In sum, this text represents a major contribution asa 
reference source for the student, house officer, internist 
and clinical cardiologist seeking information, examples — 
of and approaches to therapy of cardiac arrhythmias fre- - 
quently seen in the practice of medicine. 





E. Alan Paulk, Jr., MD 
Atlanta, Georgia 
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National Cardiovascular Disease Program Goals for 1976 





Dr. Samuet M., Fox, III 
ACC President 


It was a privilege to appear before the President's Advisory 
Panel for Heart Disease on behalf of the College. By the time 
you will be reading this, it is probable that we will have had a 
chance to read the Panel's report, which is scheduled to be 
Submitted in September, at the time | write. In our testimony we 
emphasized that the major means for preventing and treating 
nio heart disease were yet to be elucidated——and would recuire well 

` ‘supported, imaginative research, for which more financial aid is 

urgently needed. We also described community programs that 

“have been found practical and worthwhile in some areas but 
that are not widely available in the United States. 

On further consideration | believe it would be helpful if we 
could present to Congress and the Administration some more 
specific Cardiovascular Program Goals or objectives for 1976, 
our country's bicentennial year. The very tight schedule of the 
President’s Advisory Panel makes it unlikely that such a specific 
list of objectives will be found in that report. Upon considering 
many of the factors, such as the time for any program’s imple- 
mentation, the personnel that will need special training and the 
lack of. definition of how our population is located relative to the 
needed facilities, it may be difficult to defend some of the fol- 
lowing goals as being more than a provocative approximation of 
what might be possible, and perhaps possible only with great ef- 
fort. They are presented as a stimulus to the development of a 
more refined statement. 


CARDIOVASCULAR HEALTH CARE DELIVERY: 
SPECIFIC NATIONAL GOALS FOR 1976 


Major Goals 
Hypertension Control: Goals for 1976 
Eighty percent of all persons with a relatively fixed diastolic 
blood pressure greater than 104 mm Hg and 70 percent of 
those with diastolic pressure greater than 94 mm Hg to be de- 
tected. 


Seventy percent of those with previous diastolic pressure. 
greater than 104 mm Hg to be included in a system of ‘requent - 
check-ups and adequate therapy review-—-50 percent ‘of those 
with diastolic pressure greater than 94 mm Hg. f 


Atherosclerosis Control: Goals for 1976 : 

Eighty percent of all citizens to be able to get quality-con- ; 
trolled lipid determinations at a reasonable cost within 2 hours’. 
travel time from their home (possibly with the use of pick-up. 
and mailing sites for blood samples). i 

Eighty percent of mass-packaged foods to be labeled as to. 
calories and content of total fats, saturated fats, cholesterol, 
carbohydrates, protein and sodium per portion. i 


Sixty percent of restaurants, schools and other institutional = 


dining facilities to have attractive menus: specifically designed 
and defined relative to low fat, low saturated fat and/or low so 
dium content per portion. 

Ninety percent of elementary school children to receive. per- : 
suasive courses with frequent reenforcement emphasizing the 
benefits of healthy habits, particularly good eating habits, physi- 
cal activity, prevention of obesity, and abstinence from smoking. 

Eighty percent of all persons 12 to 70 years of age to be in- 
formed of the health implications of elevated blood pressure and 
serum lipid levels, smoking, obesity, diabetes, physical inactivity 
and psychological stress-strain, and the means for their correc- 
tion. 

Less than 15 percent of persons aged 21 to 24 years to be 
smoking (1970 U. S. data: male smokers 50%, female smokers 
32%, average 42%). 

Eighty percent of all men over age 35 years and of ali women | 
over age 45 years to be able to obtain high quality, multi-stage; - 
electrocardiographically monitored exercise stress tests and 
high quality coronary cineangiographic studies within 4 hours' 
travel time from their home. 

Eighty percent of population centers with more than 60,000 
inhabitants to have community physical activity advisory ser- 
vices—including competent physician members—and attractive. 
facilities with competent supervision for those requesting them. 

Seventy percent of all citizens to be able to obtain competent 
coronary care and other cardiopulmonary emergency services 
within 20 minutes of call—-80 percent within 30 minutes. 

Sixty percent of all patients under 70 years with cardiac, pul- 
monary or stroke disease to be able to obtain competent reha- 
bilitative services within 1 hour’s travel time from their home. 


Lesser Goals: by 1976 


Eighty percent of infants and children under age 5 years to be 
able to obtain admission to a specialized Pediatric Cardiopulmo- 
nary Center within 2 hours---90 percent within. 4 hours 4assum- 
ing a Federal-State aircraft and helicopter evacuation program). 

Ninety percent of all girls over age 12 years to have Had ade- 
quate immunization against rubella. 

Eighty percent of the population to be able to get streptococ- 
cal identification reports in the county of their residence within 24 
hours of sample collection. 
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Ninety percent of persons considered to have hadan episode 
of rheumatic fever (with or without carditis) to be registered and 
“effectively served by a community follow-up antibiotic program 

with appropriate support for medication. 


© Sixty percent of persons who have had congestive circulatory . 


insufficiency (failure) to be enrolled in a follow-up. service 
(staffed by allied..health personnel). supporting their physicians’ 
nutritional, activity and medication programs. 

Eighty percent of all citizens over age 25 years to have had a 
blood siigar test within 4 years. 

Eighty. percent of persons overage 25 years to have had a 


a timed; forced-expiratory volume evaluation within 4 years with 


interpretation of the results to both the subject and his or her 
physician. 
Eighty percent of all physicians providing cardiac care to 
have experienced a self-assessment evaluation of their know!- 
edge within 4 years. 
\-believe that these efforts can be accomplished’ through the 


: a formation of physician-directed teams of allied health personnel 
te support the. follow-up programs. of persons needing. therapy. 
oc. More definitive information (from research). is urgently needed, 


more persuasive professional and public information is required 
and appropriate mechanisms of support for these services must 
be secured. The Inter-Society Commission for Heart Disease 





San Francisco, California 





Resources reports have much to offer relative to implementa- 
tion. 


These goals are presented in. an effort to: elicit constructive 
suggestions and thereby to develop.a more valid and persuasive 
message. It would be desirable- to provide services to all (100 
percent) of the population, but the added: costs required to. in- 
pilude the most remote 10 to 40- percent may be prohibitive in 
the next few years. There is a great need to evaluate and imple- 
ment what is most practical and appropriate within our national 
priorities even though each of these goals appears possible of 
significant achievement within approximately 4 years. We must 
detine what proportion of the population we can realistically 
hope to include within certain time, distance and cost limits. Of 
equal importance are the benefits versus cost relationships of 
efforts to persuade persons to use the programs if they are pro- 
wided. Priorities. in part must be related to the number of per- 
sons who would benefit, the degree of health enhancement like- 
dy to be achiéved: (or disability avoided), the duration of such 
‘benefits and the costs involved. 


The American College of Cardiology should. contribute to the 
formulation of national goals and. their realization, and its mem- 
bers should help our Officers, Board of Trustees and duly ap- 
pointed committees develop a constructive policy. 


22nd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


February 14-18, 1973 
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CALENDAR OF CONTINUING MEDICAL EDUCATION PROGRAMS 


The National Committee for Con- 
“-tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 

: the following calendar of programs. 
Each program is designed to en- 
‘large knowledge. and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


COLLEGE NEWS 


gram structures vary as to methods of 
education. 

The National Committee fer Con: 
tinuing Medical Education of the Cok 
lege earnestly solicits the interest of 


member and nonmember physicians 


alike in continuing education for the 
clear reason that participation provides ~. 
a unique opportunity to deepen one's: . 
understanding of heart disease, the 

most formidable and challenging health — 
problem of our time. 


LLANE TST NASTY ATaNRARasHH ee orTSI SAAS TESOL ORMOND R/T AT HV RINNE 


Mea Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing 
‘Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1972 


ae Preceptorships in Cardiology. 
eo Arthur Selzer, FACC, director. 
Pacific Medical Center, San 
Francisco, Calif. 

* To be arranged individually 


*  . Cardiology and the Problem- 

i Oriented System: A Preceptor- 
ship in the Practical Use of the 
System. J. Willis Hurst, FACC, 
director. Emory University 
School of Medicine, Atlanta, Ga. 
* To be arranged individually 


NOV. Cardiology 1972. T. K. Lin, 
3-5 FACC, director. Princess Kaiu- 
lani Hotel, Honolulu, Hawaii 


NOV. Cardiology for the Consultant. 

6-15 E. Grey Dimond, FACC, director. 
Rancho Santa Fe inn, Rancho 
Santa Fe, Calif. 

DEC. Exercise and the Heart: Cur- 


1-2 recent Concepts and Applications 
in Health and Disease. Ezra A. 
Amsterdam, FACC, and Jack H. 
Wilmore, directors, and Joseph 
A. Bonanno, FACC, Rebert F. 
Zelis, FACC, and Dean T. 
Mason, FACC,  codirectors. 
University of California at Davis, 
Davis, Calif. 


DEC. Colloquia in Cardiology: Number 

6 §—Clinical Problems in Cardiac 
Disease. Robert W. Oblath, 
FACC, director. The Ambassador 
Hotel, Los Angeles, Calif. 


Fifth Annual Symposium: Paths 


8-10 of Progress in Cardiovascular 


Disease. Henry |. Russek, 
FACC, director. Americana Ho- 
tel, New York, N. Y. 


1973 


Controversies in Cardiovascular 
Disease: A Practical Interpreta- 
tion. James R. Jude, FACC, di- 
rector and Hugh Gilmore and 
Morton M. Halpern, FACC, co- 
directors. Sheraton Four Am- 
bassadors Hotel, Miami, Fla. 


JAN. 
10-12 


JAN. 
11-12 


Core Curriculum: Cardiovascular 
Physiology: Clinical Implications 
of Newer Concepts and Mea- 
surements. Wiliam W. Parmley, 
FACC and H, J. C. Swan, FACC, 
directors. Cedars-Sinai Medical 
Center, Los Angeles, Calif. 


JAN. 
14-16 


A Perspective on New Tech- 
niques in Congenital and Ac- 
quired Heart Disease. John H. 
K. Vogel, FACC, director and 
Bruce C. Paton and Leslie L. 
Keiminson, FACC, co-directors. 
Opticon Theater, Snowmass- 
at-Aspen, Aspen, Colo. 


JAN. 
29-31 


Stress and the Heart. Robert S. 
Eliot, FACC, director and 
Richard C. Reynolds and Lamar 
Crevasse, co-directors. Ponte 
Vedra Club, Ponte Vedra Beach, 
Fla. 


FEB. Twenty-Second Annual 
14-18 


Scien- 
tific Session. Samuel M. Fox Hil, 
FACC, president. St. Francis 
Hotel, San Francisco, Calif. 


FEB. 
19-20 


Reconvened Scientific Session. 
dames A. Orbison, FACC, direc- 


tor. Maui Sheraton, Maui, Ha- 
wali 


Consultant's Course in. Cardi- 
ology. Simon Dack, ` FACO, S; 
Arnold M. Katz, FACO. and 
Robert S. Litwak, co-directors 
Mount Sinai Medical Center, 
New York, N. Y. 


Non-Invasive Methods in Cardi.’ 
ology, Apexcardiography, Pho- 
nocardiography, Pulse Tracings, 
Systolic Time intervals and 
Phonoarteriography. Samuel 
Zoneraich, FACC, director, 
Queens Hospital Center, Jamai- 
ca, N. Y. 


MAR. 
12-17 


MAR. 
16-18 


MAR. 
26-28 


Electrocardiographic Interpreta- 
tion of Arrhythmias: A Physio- 
logical Approach. Charles Fisch, 
FACC, director. indiana Uni- 
versity Medical Center, India- 
napolis, ind. 


APR. Phonocardiography: A. Work- 

2-4 shop. Alberto Benchimol, FACC, 
director. Mountain Shadows 
Resort Hotel, Scottsdale, Ariz. 





APR. 
2-11 


Cardiology for the Consultant. 
E. Grey Dimond, FAGC, director. 
Rancho Santa Fe inn, Rancho 
Santa Fe, Calif. 


APR. Management of the Critically I 

4-6 Cardiac Patient. Henry D. Mo 
intosh, FACC, James. K. Alex. 
ander, FACC and Edward Wo) 
Dennis, FACC, co-directors, The 
Methodist Hospital, Houston, > 
Tex. : 


APR. 
14-15 


Non-Invasive Techniques in the- 
Diagnosis of Heart Disease: 
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“Clarence Agress, FACC and H. 


J: GC. Swan, FACC, co-directors. 
Century. Plaza Hotel, Los An- 
geles, Calif. 


Current Concepts in Cardiology 
—~1973. Philip Akre, director and 
John A. Bowers and Masato 
Takahashi, co-directors. Cae- 
sar’s Palace, Las Vegas, Nev. 


How to Collect a Cardiovascular 
Data Base. J. Willis Hurst, FACC 
and Robert C. Schiant, FACC. 


MAY 
17-19 


Royal. Coach Motor Hotel, At- 
fanta, Ga. 


A Critical Approach to Cardio- 
vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 
co-directors, Jack Tar Hotel, 
San Francisco, Calif. 


The Clinical Manifestations of 
Congenital. Heart Disease. trom 
Birth through Adulthood. Joseph 


JUNE 
21-22 


CK. Perloff, FACC, director and : 
Sidney. Friedman, FACC and 
Wiliam Rashkind, ¢o-directors. 


Hospital of the University of 
Pennsyivania, Philadelphia, Pa. 


Atherosclerotic Heart. Disease 
1973. Robert L. Van. Citters, 
FACC, John N. Lein, and Harold 
T. Dodge, FACC, co-directors. 
Anchorage Westward Hotel, 
Anchorage, Alaska 
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CERTIFICATION OF CANDIDATES 


The following individuals were Certified in the Subspecialty of Cardiovascular Disease 
on July 21, 1972 in Atlanta, Georgia. 


California 

San Francisco 
Robert F. DeBusk, MD 
Richard E. Ferguson, MD 


Connecticut 
Danbury 

John ©. Burris, MD 
Waterbury 

Victor W. Hurst, IH, MD 


District of Columbia 
Tazewell Banks, MD 
Lawrence Klein, MD 


Florida 
Miami Beach 
Richard A. Berger, MD 


Georgia 

Atlanta 
Shia H. Elson, MD 
Evan B. Weisman, MD 


` Winois 

Chicago 

Franklin B, Saksena, MD 
Hinsdale 

George W. Cotts, MD 
Homewood 

Dominic J. Allocco, MD 
Oak Park 

Ghazi J. Kanber, MD 


indiana 
indianapolis 
Richard W. Campbell, MD 


lowa 


lowa City : 
Francois M. Abboud, MD 


Maine 
Lewiston 
Robert F. Kraunz, MD 


Maryland 
Baltimore 
Albert M Antlitz, MD 
Chris Papadopoulos, MD 
Bethesda 
Richard L: Shepherd, MD 
Towson 
David A. Gursler, MD 


Massachusetts 
Boston 

Peter F. Cohn, MD l 

Michael V. Herman, MD 
Cambridge 

Stanley A: Forwand, MD 
Medford 

Felix Ades, MD 
Plymouth 

Robert E. Olson, MD 
Wellesley Hills 

Paul J. LaRaia, MD 


Minnesota 
Minneapolis 
Charles R, Jorgensen, MD 
Rochester 
Henry N. Coleman, HI, MD 
Thomas P. B. O'Donovan, MD 


New Jersey 
Millburn 
William M. Burke, MD 


New York 
Guilderland 
Adrian W. Grubs, MD 
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Syracuse 
Peter P. Huntington, MD 


North Carolina 
Greensboro 
Edmund J, Lebauer, MD 


-Ohio 
Cleveland : 
Joseph |. Krall, M 
Dayton 
Enayatollah Tabesh, MD 


Pennsylvania 
Altoona l 

Marvin H.. Meisner, MD 
Dresher 

Daniel W. Horner, Jr., MD 
Philadelphia 

Herbert W. Copelan, MD 
Strafford 

Thomas H. Kreulen, MD 


Rhode Island 
Barrington 
Albert S. Most, MD 


South Carolina 
Columbia 
Robert G. Kiger, MD 


Texas 
Houston 
William H. Spencer, MD. = 


West Virginia 
Charleston 

Harold Selinger, MD 
Elkins 

Richard G. Co, MD 






Reduce your EKGs 
increase theirchan 


Your electrocardiograms have many 
uses, Not the least of which is helping de- 
termine when heart patients are well enough 
to. be discharged. 

But once they become outpatients, 
they're pretty much on. their own. 

Now, Xerox can help you and your 
cardiology department extend a service to 
discharged patients that may one day save 
their lives. 

Wallet-sized EKGs. The: Xerox 7000 re- 
¿duction duplicator can. produce clearly- 
legible miniature cardiograms for patients 
to carry wherever they go. So in case of an 

emergency, the attending physician can 
begin proper treatment based on an up-to- 
date cardiogram. 

You caneven provide EKGs for patients 

with other ailments for more prompt and: 
accurate diagnoses. Or for patients in other- 
wise normal health who may have irregular 
heart-wave patterns. 

The 7000 is just-one of more than. 20 
Xerox machines, They, together with a 
skilled team of medical specialists, are your 
assurance of getting the right equipment 
for the right Job. In Medical Records, Ad- 
missions, Business Office, Laboratory and 
of course, Heart Station: Se is 

For complete information, please 
write: Xerox Business Products Group 
‘Dept. 173, Xerox Square, Rochester, Nev 
“York 14644... o o Hoe He 
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Not Adoiph’s. It really seasons like salt. It’s granulated, too. Comes 
inca shaker bottle. So it looks and sprinkles like salt. The flavor won't 
fade in cooking, either. And it contains mono-potassium glutamate 
to enhance the natural flavor of food. 

Adolph’s Salt Substitute contains less than 1 mg. of sodium per. 
teaspoon, and it's a valuable source of supplemental potassium. 


It's sold at food stores in two varieties — 


Regular: Potassium chloride, glutamic acid, mono-potas- 
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iodide .01%. 
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For free physician's samples, write to Adolph’s Ltd., P.O. Box 
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for clinical 
applications 


@ Designed for clinical O.R. 
or cath lab use 


@ Easily applied handle- 
type probe 


@ Patient safety assured 
through isolation circuitry 


è Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 








for 
clinical 
applications 


è Convenient, handle-type 
probe with positive 
capture slide 


® Designed for O.R. and 
cath lab use 


@ For rapid analysis of 
flow through exposed 
biood vessels 


@ Use with Biotronex 
clinical blood flowmeter 





Biotronex Laboratory, Ino. sm 






PROBES 


for mars 
bypass ‘ff 
applications 





è Use with heart-lung 
machine, artificial kidnay 
or. similar systems 


@ Iron core construction 
provides high sensitivity 
and accuracy 

è Operates with BLI 


research and clinical 
blood flowmeters 


è Available in sizes to fit 
most tubing 
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AnECGat your fingertips. 


Layered controls for fingertip operation. Human engineered for efficient, precise 
use. Meets or exceeds all present safety standards. 





The new MDI-1000 electrocardio- 
graph from Med Data. With an 
advanced front panel featuring 
layered controls so an ECG can 
be taken without interruption or 
stopping to adjust controls. 


To learn more about our special 
keyboard, features and options — 
and how you can put the MDI-1000 
under your ECG technician’s fin- 
gertips — return the coupon. 
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B 2715 Marshall Court, Madison, Wis. 53705 


Med Data ``" On record for innovation 


in medical data systems 
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G Please send more information on the MDI- 
1000 


[] Please have your representative contact me 
about a free trial 


Name 
Title 
Institution 
Address 
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Return to: Med Data, inc., Dept. AJ, 
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For eight years we've been 
helping cardiologists explore the 
diagnostic uses of ultrasound. 


The new Ekoline 20A shows 
what we've learned. 


Eight years ago, echocardiology 
was a new and untried diagnostic 
technique. Today it’s being 

used to detect pericardial effusion, 
evaluate mitral valve function, 
measure cardiac output, detect 
intracardiac tumors — plus many 
other uses. 

Eight years ago, the ‘Ekoline 20’ 
was a new and untried diagnostic 
instrument. Today it’s being used routinely in hundreds of 
America’s leading medical centers. 

In the process, we've learned what it takes to satisfy the 
practicing cardiologist. That’s why the new ‘Ekoline 20A’ now 
offers improved resolution, a better slow-sweep display, 
and an easier-to-use camera. That’s why we’ve just introduced 
a new graphic recorder which gives continuous “grey-scale” 
write-outs of cardiac echo patterns. 

Like to see what we’ve learned? Write today for a 
demonstration. 








SII 
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440 Page Mill Road, Palo Alto, Calif. 94306 
A SUESIDIARY OF SMITH KLINE & FRENCH LABORATORIES 


“The drug of choice 
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AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication, Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently asseciated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include ‘istlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


otassium chloride... 
astes good too! 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


á CGopPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myccardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


Brand of 
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Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls by a 
nonspecific antiarrhythmic action. 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 
a sae Se ESE 





the beta-adrenergic blocking agent 


Inderal 


propranolol hydrochloride 


10mg. and 40 mg. Tablets 
1mg./c. Injectable 


Aos ya 


(See following page for Brief Summary.) 
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THE PHYSICIAN SHOULD BE. THOROUGHLY FAMILIAR WITH 
THE BASIC CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS. DRUG. 





INDICATIONS 

“INDERAL is indicated in the management of: 
4) CARDIAC ARRHYTHMIAS 

a) Paroxysmal atrial tachycardia 
>b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
-¢) Atrial flutter and fibrillation 
“In the majority of cases of flutter or fibrillation, a beneficial effect is ob- 
tained by the reduction of ventricular response (reduced ventricular rate) 
to the atrial tachyarrhythmia by partial A-V block, Occasionally, normal 
sinus rhythm may be restored, but the mechanism of this action is un- 
“known. 

d) Tachyarrhythmia of digitalis intoxication 
-> Digitalis-induced tachyarrhythmias may lead the physician to increase the 
“dose on the false assumption that the previous dosage was inadequate. 
“Digitalis-induced. tachyarrhythmias are usually reversible within minutes 
“by INDERAL, given intravenously. Once normal rhythm has been restored, 
ynaintenance with oral therapy is indicated. (See Dosage and Administra- 
tion.) 

e) Tachyarrhythmias associated with anesthesia 
-“Tachyarrhythmias during anesthesia may sometimes arise because of car- 
bon. dioxide accumulation, surgical stimulation, or catecholamine admin- 
istration. When usual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL should not be used to 
“treat/arrhythmias associated with anesthetics that produce myocardial de- 
“pression, far example, chloroform and ether. 
i) Ventricular tachycardias 
When a matter. of minutes in controlling the arrhythmia may mean life or 





with an electrocardiograph is essential, as the failing heart requires some 
sympathetic. drive to, maintain myocardial tone. 

gj Occasionally in severe tachyarrhythmias, the reduction of ventricular 
pate with useof INDERAL may permit a more accurate electrocardiographic 
diagnosis of the arrhythmia. 

2) HYPERTROPHIC SUBAORTIC STENOSIS 

INDERAL. reduces: the ventricular gradient induced by exogenous cate- 
‘cholamine (isoproterenol) by relieving outflow obstruction. The control of 
“angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 

i. 3) PHEOCHROMOUYTOMA 

INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines, Alpha-adrenergic blocking 
drugs (phenoxybenzamine and. phentolamine} diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
‘tumors, but do. not prevent excessive cardiac stimulation by catechola- 
“mines. However, INDERAL should always be used concomitantly with 
$ alpha-receptor blockaders since antagonism of the dilator (beta) action of 
“ epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
operable or metastatic pheochromocytoma, INDERAL is a useful adjunct 
to the management.of symptoms dwe to excessive beta-receptor stimulation. 


CONTRAINDICATIONS 


“ing rapid heart rates due to a strong sympathetic component, with in- 
adequate response to maximum doses of digitalis and diuretic, may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that produce myocardial depression 
such as chloroform and ether; §) in patients on adrenergic-augmenting 
“psychotropic drugs,(including MAO inhibitors), and during the two week 
< withdrawal period from such drugs: 
WARNINGS 

CARDIAC FAILURE: Sympathetic. stimulation is a significant component in 
supporting circulatory function in congestive heart.failure, and inhibition 
with beta-blockade always carries the potential -hazard of further depres- 
sing myocardial contractility and precipitating cardiac failure, 

In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover 
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USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established. Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS. 

Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed when INDERAL is introduced into the treatment regi- 
men, The added catecholamine blocking action of this drug may then pro- 
duce an excessive reduction of the resting sympathetic nervous. activity. 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
taeks, or orthostatic hypotension, 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 

In the majority of patients INDERAL is well tolerated, and side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Neusea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and: fa- 
tigue) have been observed during the course of clinical investigation. One, 
case of mental depression which progressed to a catatonic state was Tre- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined, with aching and 
sore throat, visual disturbances, and hallucinations have also been. re- 
ported. Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL. 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 
tablished; DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 

ORAL A 
Arrhythmias—10-30 mg. three or four times daily, before meals and ‘at 
bedtime. 


Hypertrophic Subaortic Stenosis—20-40 mg. three or four times daily, before 
meals and at bedtime. 


PReochromocytoma—Preoperatively—60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking. 
agent.-Management of inoperable tumor—30 mg. daily. in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring, The 
rate of administration should mot exceed 1 mg. (1 cc.) per minute. Suffi- 
cient time should be allowed to enable a slow circulation to carry the 
dug to the site of action. Once an alteration in rate of rhythm is recorded, 
itis advisable to give no further INDERAL until the full effect is observed, 

Depending on the response, a second dose may be repeated after two... 
minutes. Additional medication should not be given in less than four hours, ; 
Therapy with oral dosage is advisable as soon as possible. ae 
NOTE: Should excessive bradycardia occur, atropine 0,5-1.0 mg. should be < 
administered intravenously. ‘ ? 

SUPPLIED 
Inderal? 
(propranolol hydrochloride} ‘ i 

TABLETS-No. 461~Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. i ; 
—No. 464~Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. ae 
INJECTABLE-No, 3265-Each cc, contains 1- mg. of propranolol hydro- 
chloride in Water-for Injection. The pH is adjusted with citric acid. Sup- 
plied as: 1 cc, ampuls—Boxes of 10. 


‘AYERST LABORATORIES 
je) New York, N.Y. 10017 








INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 


7208 





Senior Assistant Editors Editorial Director = 
RAYMOND HARRIS, MD, Albany, N.Y. Helena B. Mannion, New York 
nono MD, LESLIE A. KUHN, MD, New York 















Managing Editor 
Ruth R: Ohman, New York 





RI DIMOND: MD, La Jolla, Calif. Assistant Editors a 
GEORGE C. GRIFFITH, MD, IRA J. GELB, MD, New Rochelle, N. Y. Assistant Managin 
MELVIN. KAHN, MD, New York Frances Ebel, New * i 







aoe 








AWFORD W. ADAMS, MD, Nashville RICHARD GORLIN, MD, Boston HENRY D. McINTOSH, MD, Houston 
ORREST H ADAMS, MD, Los Angeles DONALD E. GREGG, MD, Washington, D.C. JERE H, MITCHELL, MD, Dallas 
ALBERTO BENCHIMOL, MD, Phoenix DWIGHT E. HARKEN, MD, Boston ALEXANDER S: NADAS, MD, Boston 
; ARD J. BING, MD, Pasadena DONALD C. HARRISON, MD, Palo Alto, Calif. ROBERT C.SCHLANT, MD, Atlanta 
ILBERT BLOUNT, Jr., MD, Denver HERMAN K. HELLERSTEIN, MD, Cleveland BERNARD L. SEGAL, MD, Philadelphia’. 
IONEY í BLUMENTHAL, MD, Miami ROGER B. HICKLER, MD, Boston ARTHUR:SELZER, MD, San Francisco 
E BRAUNWALD, MD, Boston, Mass. J. WILLIS HURST, MD, Atlanta ; 
TN: BREST, MD, Philadelphia THOMAS N. JAMES, MD, Birmingham 
F CORDAY, MD; Beverly Hills ARNOLD M. KATZ, MD, New York 






























AIGE, MD, Chapel Hill, N. C. JOHN D. KEITH, MD, Toronto EDMUND H. SONNENBLICK, MD; Boston 
S E. CROCKETT, MD, Kansas City, Mo. JAMES J. LEONARD, MD, Pittsburgh EDGAR SOWTON, M 
ROLD T. DODGE, MD, Seattle MAURICE LEV, MD, Chicago ALBERT STARR, ME 


WILLIAM LIKOFF, MD, Philadelphia 






ARVIN |, DUNN. MD. Kansas City, Kans. ROBERT S. LITWAK, MD, New York 
SE E, EDWARDS, MD, St. Paul BERNARD LOWN, MD, Boston 

(ARLES FISCH, MD, Indianapolis , ALDO A. LUISADA, MD, Chicago ARNOLD M. WEISSLER 

F. GOODWIN, MD, London, England DEAN T. MASON, MD, Davis, Calif. Michigan 

ELAN V. N; GOODYER, MD, New Haven B. L. MARTZ, MD, Indianapolis 











i lications Committee, American College of Cardiology 

















i ; SIMON DACK, New York 
9 Ey Ross, Jr., San Diego HERBERT J. LEVINE, West Newton, Mass. 
hairmar GEORGE C. MORRIS, Jr., Houston 











THE AMERICAN JOURNAL OF CARDIOLOGY,® Official Journal of the American i College of Car 
ology, November 20, 1972, Vol 30, No. 7. 














Member, American Business Press, Inc. and Audit Bureau. of Circulations. Publi 
except July and November, semimonthly, by the Magazine Division, DU 
PUBLISHING CORPORATION, a member of the Dun and Bradstreet Group, William 
President; John K. Abely, Vice President and General Manager, Magazin 
EDITORIAL AND ADVERTISING OFFICES: 666 Fifth Ave., New York, N: y: 
Easton, Penñsyivania. 















SUBSCRIPTIONS: Solicited only from cardiologists and other physician 
right to refuse unqualified subscribers. Address correspondence regi 
changes of address to: THE AMERICAN JOURNAL OF CARDIOL 
York, N. Y. 10019. Please include your zip code and, in case of thai 
address label. Changes of address must reach the Journal'one month precedin 
Single copy price: Regular Issues $3.00; Symposium and ‘Special issue 
for individuals in field of publication: United States $18,00 a year; cone 
























Second class postage paid at New York, N. Y. and additional mailing: : ed in UAS.AL 
Trademark ® in U.S. Patent Office. © Copyright 1972 by Dun: Donnelley ublis ng Corporation. 
All rights reserved. No part of this publication may be reproduced or transmitted. io any form ori: 
by any means, electronic or mechanical, including photocopying, recording or by any information. 
storage retrieval system, without written permission of the: copyright owner, Prices on bulk re 
prints of articles available on request. na 









MANUSCRIPTS: All manuscripts should be addressed’ to ire Eaito ial Office. 
ABSTRACTS: Permission to abstract: must be obtained in writing from the publisher. 





AMERICAN. COLLEGE OF CARDIOLOGY: Alt communications for the College except manuscripts 
should ba addressed to the American College of Cardiology, Office of the Executive Director, 9650 
Rockville Pike, Bethesda, Md. 20014. 


Louis FLE JACQ, Publisher 









< AJGDAG 30(7) 713-790 (1972). 


A-4 





Innovators of Sophisticated but Practical 
Diagnostic Systems to Help You Provide 


Better Patient Care Economically 


Dynamic Electrocardiographic Systems — Avionics Electrocardiocorders (Holter monitors) are 
available for continuous DCG recording of heart action of active ambulatory patients for 
periods of 4 to 24 hours, without changing tapes or batteries. Associated scanning equipment 
and/or services are also available. 


Stress Test Systems — Avionics treadmills, exercise telemetry, and compact monitors including 
scope, heart rate meter, S-T segment computer, strip-chart recorder, and automatic 
programmer are available for stress testing. 


Respiratory Gas Analyzer System — Now available from Avionics is a totally automatic compact 
system that provides a computerized minute-by-minute update of respiratory functions 
during physical stress testing. 


r ® à ; Š ` 
. Automatic Blood Pressurometers — Avionics offers continuous, automatic Blood Pressure 


Monitors with five precalibrated sensitivity ranges for taking blood pressure across the complete 
spectrum of patient conditions ranging from stress testing to shock. 





C] Please send literature on abeve items(s) (1), (2)_-___, (3)— (4) 











Contact me for a demonstration. 





Name and Title _— : A i, sh ESSERE EAL 








AVIONICS ered ait oe Se Naa g” $ 


“Rei alaa Address -—— ooo -- -— 








AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/ Phone: (213) 641-7700 
Del Mar Engineering Laboratories 
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_ SYMPOSIUM ON EXERCISE AND THE HEART 


. l n3 introduction 
E CRAWFORD W. ADAMS 


716 Place of Exercise in Cardiology 
i PAUL D. WHITE 


This article by an eminent cardiologist who practices what he preaches recounts the benefits of exercise 
on the circulation and psyche of healthy or chronically ill people. “Walking to wisdom” is Dr. White's pre- 
scription for a way of life with greater longevity and better health. 


Exercise Testing for Evaluation of Cardiac Performance 
ARTHUR M. MASTER 


Dr. Master maintains that his long used and well standardized 2-step exercise test remains: the sate 
most useful one in determining the function and work capacity of the heart and iñ prescribing therapy 
times the “augmented” 2-step test calling for a 15 percent increase in the number of trips within the 

3 minutes may be necessary to clarify ambiguities of a negative double Master test. ; 


. Evaluation of Cardiac Performance in Exercise 
ERNST SIMONSON 
Increase of heart rate is the principal mechanism to augment cardiac output in exercise, and, with an age eth 


“ correction, has been used to predict oxygen transport (VOz). The ischemic S-T segment depression is the | 
“most important criterion for inadequacy of myocardial oxygen supply during exercise. 








727 Practical Exercise Test for Physical Fitness and Cardiac Performance 
o NIGEL. SHARROCK, H. LEON GARRETT and GEORGE V. MANN 
Practical experience in 66 adult men and women with the progressive step test’ of. Balke foll owing the 


methods developed by the Tennessee Heart Association documents the values of the simplified test to 
assess Cardiovascular health and fitness in routine health examination of-adults. 


733 Exercise Electrocardiography and Vasoregulatory Abnormalities 
a GOTTLIEB: C. FRIESINGER, ROBERT O. BIERN, IVAN LIKAR and ROBERT E. MASON 





e A vasoregulatory syndrome is held responsible for the daveloprient ot certain alectrocardiographic abnor- 
malities. during exercise testing of 40 patients. The changes do not carry the usual connotations of myo- 
= cardial ischemia. This syndrome can be distinguished from true myocardial. ischemia by the absence of 
risk factors and typical symptoms of ischemia, the relative youth of the subjects, prominent electro- 
cardiographic “ischemic” S- T segment shifts very early in exercise and their disappearance as exercise 
‘continues. 
continued 













AN OPEN LETTER TO OUR READERS 





we are happy to provide you with this special symposium 
Issue of The American Journal of Cardiology. 


Thie year you will receive 14 copies of the Journal =+- eee 
2 more than you anticipated when entering your subscrip- | 
tion. These extra issues have been made possible through | 
the cooperation of the Editorial Board of the Journal, 
erican College of Cardiology and its Publications 
-ee, the Editors and the Publishers. The support 
advertisers has been vital to this project. 


} we again plan to provide you with additional 
issues. Proposed topics are "Prevention of 
rosclerosis at the Pediatric Level, including Identi- 
ion of Potential Risks and Prophylaxis"; "Congestive 
Heart Failure"; and "Use of Video Technology in Cardio- 
vascular Research. "n 


We apprecikte your continued support and involvement 
with the Journal. 





Fea Fg 


Louis F. Le Jacq 
Publisher 








- A Yorke Medical Journal . Duns Donnelley Publishing Corporation 





itents 





Exercise Testing for Detecting Changes in Cardiac Rhythm and Conduction 
~ ALDEN S. GOOCH ` 
















Serial treadmill testing of more than 2,000 subjects demonstrates. the value of exercise to detect changes 
in cardiac rhythm and conduction as well as to identify the early complications of arrhythmias in patients 
with organic: heart disease. 





ce ar Correlation of Computer-Quantitated Treadmill Exercise Electrocardiogram with Arteriographic 
Ve Location of Coronary Artery Disease 


PAUL L. McHENRY, JOHN F. PHILLIPS and SUZANNE B. KNOEBEL 


A positive S~T segment response was observed in 70 of 86 patients (82 percent) with angina pectoris who 
were subjected to graded treadmill exercise testing and coronary cinearteriography. In 12 of the 16 pa- 
tients with a negative response, disease was limited to a single artery, usually the right coronary or the 
left circumflex artery. Graded treadmill exercise testing in 80 patients with chest pain, normal coronary 
- arteriograms and normal left ventricular function revealed that 5 percent had a false positive $-T segment 
response. 





53- Professional Liability in Exercise Testing for Cardiac Performance 

IRVING LADIMER 

It behooves the physician involved in exercise testing or prescription to brush up on his profesaional nd 
legal responsibilities to insure his patient's well-being and safety during such exercise. Attemion to these — 
details before exercise will minimize medicolegal problems. 


END OF SYMPOSIUM 


_ CLINICAL STUDIES 





= : 757 Treadmill Exercise in Assessment of the Functional Capacity of Patients with Cardiac Disease 
JACK A. PATTERSON, JOHN NAUGHTON, RAYMOND J. PIETRAS and ROLF M. GUNNAR nok 


The results of testing the effort tolerance of 43 patients with cardiac disease by intermittent multistage 
treadmill exercise indicate that such patients begin to experience limiting symptoms wher ‘the peak oxy- 
gen consumption is less than 22 ml/kg per min and consider themselves severely limited when their peak 
oxygen consumption is 16 mi/kg per min or less. Such evaluation provides an. objecti ve measurement 
of the degree of cardiac impairment and may be useful in the planning of patient management. 


: ; 763 Cardiac Dysrhythmias Associated with Exercise Stress Testing 
MICHAEL F: ANDERSON, GERALD B. LEE, BRIAN C. CAMPION, KURT AMPLATZ and NAIP TUNA 


The. evaluation of exercise électrocardiograms and coronary arteriograms of 119 patients establ lishes that 
-o the occurrence of dysrhythmias during exercise testing should raise the index of: “Suspicion for underlying 
E coronary artery disease ‘but does not constitute a reliable criterion for- a positive result, especially in the 

absence of other criteria. ; 





‘continued 
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eC INTRODUCTION TO ELECTR >A 
-1 J.Willis Hurst, Emory University School. sine, 
- Myerburg, University of Miami School of Medicine and Veterans 
istration Hospital, Miami ne 





1973, 330 pages (tent.}, (031464-0), $9. 95 (tent. o ae 
= A simplified presentation of the spatial vector concept of electro a 
cardiography. Part | deals with that portion of the electrocardio- o o = 
gram that is produced by the ventricular myocardium, including the — 
QRS complex, ST segment, and T and P waves. The vector concept is. 
presented, and its application is demonstrated. Part II deals with 
the electrocardiographic presentation of cardiac arrhythmias, teaching 
the use of the A-V diagram. The chapter on intraventricular conductiv 
disturbances has been rewritten and re-illustrated. 










THE HEART, Second Edition ‘ 
Edited by J. Willis Hurst and R. Bruce Logue, both of the Emory University ae 
School of Medicine vee 
1970, 1681 pages, (031462-4), $34.50 
Two Volume Set, 1971, (031467-5), $41.00 ne 
This edition is the complete treatise on the field of cardiovascular ` ee 
disease. The contributors are world-reknowned experts—leaders in 
their fields of interest. They are also good teachers and good 
writers. The result is a book that is an authoritative, comprehensive, 
teaching document, created by teachers and clinicians who translate the: 
advances in basic science to the bedside. Each presentation has been ~ 
thoroughly integrated with the remainder of the text, and anatomy, 
physiology, pathology, and clinical cardiology are carefully correlated. 
Ss New chapters have been written and old chapters rewritten and updated. 
10 I UNTERNATIONAL u An extensive, current bibliography is found at the end of each chapter. - 
ia wen 





Bridging the gap between basic sciences and clinical medicine, the 
text emphasizes the prevention of heart disease and the rehabilitation — 
of patients with heart disease. 





(clip here} 
To order, simply fill in this coupon and return to: 


Norma-Jeanne Bruce/College Division, 27 
McGRAW-HILL BOOK COMPANY 
tee" Avenue of the Americas/New York, New York 10020 


Hurst-Myerburg (031464-0) ____Hurst-Logue (031462-4) One Vol. _ 
l ——Hurst-Logue (031467-5) Two Vol. 





C Within ten (10) days of receipt of books(s) | will remit full price of 
books plus local sales tax, postage, and handling. (McGraw-Hill pays 
postage and handli ing if I remit in full with this coupon.) | will 
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Di count Effects of Antihypertensive Therapy oñ Cardiovascular r Responses and Left Ventricular 
inction During Upright Exercise 


ROBERTA. BRUCE, REGINALD ELEADY-COLE, LOWELL J. BENNETT and FUSAKO KUSUMI 


Antihypertensive therapy reduces pressure and improves ventricular function, but only when hypertension 

is complicated by clinical manifestations of disease and noncongestive heart failure occurring with exer- 

tion. Drug. therapy can lower lesser elevations of blood pressure level in asymptomati c persons but does 
not pre exercise capacity. 


775 Normalization of Serum Triglycerides and Lipoprotein Electrophoretic Patterns by Exercise 


LAWRENCE B, OSCAI, JACK A. PATTERSON, DAVID L. BOGARD, ROBERT J. BECK and 
BRADLEY L. ROTHERMEL 


Biochemical data in 7 middle-aged hyperlipidemic men consuming a fixed diet demonstrated that ‘exercise 
»  “@ffectively reduced fasting serum triglycerides acutely and corrected types IV and V hyperlipoproteinemia. 
Serum cholesterol levels were not affected by exercise. 






Value of Treadmill Stress Testing in Variant Angina Pectoris 
GEORGE L. KEMP 


Variant angina pectoris characterized by S-T segment elevations carries a serious: prognosis; myocardial 
infarction and death have been reported in more than 50 percent of patients less than a year after the 
set of symptoms. Treadmill testing is valuable in the early detection of this condition, as. demonstrate 
the 54 year old subject of this case report who died 12 hours after coronary cineangiography. i ; 





4 ‘The! National Aeronautics and Space Administration—U. S. Public Health Service. Evaluation and : 
_ Enhancement Program. Summary of Results. 


DONALD C. DURBECK, FREDERICK HEINZELMANN, JOSEPH SCHACTER, WILLIAM L. HASKELL, 
GERALD H. PAYNE, RICHARD T. MOXLEY, II], MARC NEMIROFF, DONALD D. LIMONCELLI, 
LOUIS B. ARNOLD! and SAMUEL M. FOX, III 


An exercise program was initiated in a federal agency to assess the feasibility of such program and to 

identify. the factors that influenced joining, adherence to and effectiveness of the program, A consistent 

relation was found between (1) subjectively reported effects of the program on work, health habits and 

c. behavior, and (2) improvement in cardiovascular function, as determined by treadmill performance. The 
; unexpected i increase in serum cholesterol levels remains to be explained: ie 




















Lasix: 
furosemide 
Tablets / Injection 


WARNING —Lasix (furosemide) is a potent diuretic 
which if given in excessive anmunts can lead to a 
profound diuresis with water and electrolyte deple- 
tion. Therefore, careful medicai supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient’: needs, (See under 
“DOSAGE AND ADMINISTRATION.") 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurials,, thiazides and other 
heterocyclic compounds. It is characterized by: 
a high degree of efficacy; 
a rapid onset of action, 
a comparatively short duration af action: 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henie’s loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it ìs 4-chloro-N-fucturyl-5-sulfamoylan- 
thranilic acid. 
INDICATIONS — Lasix (furosemidé) is indicated for 
the treatment of the edema associated with congestive 
“heart failure, cirthasis of the liver; and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than: that of those commonly employed is desired. 


if the gastrointestinal absorption is impaired or oral 
.medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route, 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.9., 
acute: pulmonary edema. 


Parenteral administration should ve reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension-—Lasix Tablets may be used for the 
treatment of hypertension alone “or in combination 
with other antihypertensive drugs: Hypertensive pa- 
tients who cannot be adequately controlled with thia- 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS-Because animal reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated In 
women of child-bearing potential. 


Lasix is contraindicated in anuria.. If increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drugeshould be discon- 
tinued. In hepatic coma and in states of electrolyte 
depletion, inerapy should not be instituted until the 
basic condition. is improved or corrected. Lasix is 
contraindicated in patients with a: history of hyper- 
sensitivity to this compound. 


Until more experience Is accumulated in the pediatric 
use of Lasix. (furosemide), children should not be 
treated with the drug. 


WARNINGS~Excessive diuresis msy result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and. with the possivility of vascular 
thrombosis and embolism, particularly in elderly pa- 
tients. 

Excessive loss. of potassium in patients. receiving 
digitalis glycosides may precipitate: digitalis toxicity. 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte; CO, ani BUN determina- 
tions should be performed during the: first few. months 
of therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


in patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden: alterations. of fluid and 
electrolyte balance in patients with ‘cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride: and, if required: an aldosterone 
antagonist are helpful in. preventing hypokalemia and 
metabolic alkalosis. : z 


As with many other drugs; patiente should be obs 
served regularly for the possible occurrence of blood 
dyscrasias, liver damage, or other idiosyncratic. re- 
actions. ` 

In those instances where potassium-supplementation 
is required, coated potassium tablets should. be used 
only when adequate dietary supplementation is not 
practical. 

There have been several reports, published and 
unpublished, concerning nonspecific: small-bowel le- 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thiazides with potassium salts, These iesions 


A-10 


may occur with enteric-coated potassium. tablets 
alone or when they are used with nonenteric-coated 
thiazides, or certain athee oral diuretics. 


These smail-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was trequently 
required, and deaths have occurred. 


Available information tends to implicate enteric- 
coated potassium salts, akhough lesions of this type 
also occur spontaneously. Therefore, coated potas- 
sium-containing formulations should be administered 
only when indicated, and should be discontinued 
immediately if abdominal pain, distention, nausea, 
vomiting, Of gastrointestinal bleeding occurs. 


Patients with known suifonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS—As with any potent diuretic, electro- 
lyte depletion may occur during therapy with Lasix, 
especiaily in pabents receiving higher doses and a 
restricted salt intake. Electrolyte depletion may mani- 
fest iuself by weakness, dizziness, lethargy, leg 
cramps, anorexia, vomiting, and/or mental contusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these crugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications, 


Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen, These have been observed in associa- 
tion with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 


Cases of reversible deatness and tinnitus have been 
reported following the injection of Lasix. These ad- 
verse reactions occurred wien Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likely to occur in patients with 
severe impairment of renal function and in patients 
who are also receiving drugs known to be ototoxic, 
Periodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tests with abnormalities of the fasting and two-hour 
postprandial sugar have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may tower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly, periodic serum calcium levels should be ob- 
tained. 


Patients receiving high doses of salicylates, as in 
rheumatic diseases, in conjunction with Lasix may 
experience salicylate toxicity. at lower doses because 
of competitive renal excretory sites. 


Sulfonamide diuretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubacurarine. Great caution 
should be exercised in administering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any elec- 
tive surgery. 


ADVERSE REACTIONS ~— Various forms of dermatitis, 
including urticaria and rare cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea. vomiting, or diarrhea, 
may occur, 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura) may occur. Rare cases of 
agranulocytosis have occurred which responded to 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See “PRECAUTIONS.") 


in addition, the following rare adverse reactions have 
been reported; however, relationship to the drug has 
not been established with certainty: sweet taste, oral 
and gastric. burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see “WARN- 
INGS"), and acute pancreatitis. 


Lasix induced diuresis may besaccompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 


tramps, thirst, increased persgiration, urinary bladder 
‘spasm and symptoms of urinary frequency. 


As. far’ as hyperglycemia Is concerned, see “PRE- 
CAUTIONS."" 


Transient: pain after Intramuscelar: injection has been ii 


reported:at the injection site. 


DOSAGE AND ADMINISTRATION : 

Orat Administration —The usual. dose of Lasix is 1 to 
2 tablets (40 to 80 mg.) given äs a single: dose, pret- 
erably in the morning. Ordinarily, a prompt diuresis 
ensues, Depending on the patient's response, a set- 


ond dose can be administered’ 6 to'8 hours later, 
This dosage and dosage schedule can then: be main« 
tained or even reduced. Hf the diuretic response with 
a single dose of 1 to 2‘tablets (40 to 80 mg:)} is not 
satisfactory, e.g., in a patient with congestive Neart 
failure refractory to maximal doses’ of thiazides, the 
following schedule should be used... Increase this 
gose by increments of 1 tablet (40 mg.) not sooner 
than 6 to 8 hours after the previous dose until: the 
desired diuretic effect has been obtained, This indis 
vidually determined single dose should then be given 
once or twice daily (e.g. at 8:00 a.m. and. 2:00 p.m.). 
Tne dose of Lasix may be carefully titrated up to 600 
mg. per day in those patients with severe clinical 
edematous states. Higher doses are currently under 
investigation, 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent” > 
dosage schedule in which the diuretic is: given: for 2° 
to 4 consecutive days each week. Wilh doses exceeds 
ing 80 mg./day and given for prolonged. periods, 
caretul clinical and laboratory observations are par- 
ticulariy advisable, 


Hypertension—The usual dose of Lasix {furosemide} 
is one tablet (40 mg.) twice daily: both for initiation: 
of therapy and for maintenance, Careful observations. 
for changes in blood pressure must be: made when. 
this compound is used with other antihypertensive 

drugs, especially during initial therapy. iy 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood. pressure. 
As the blood pressure falis under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs; may. 
be necessary. It is further recommended, if one tab- 





fet (40 mg.) twice daily does not lead to a chimi < 


cally satisfactory response, to add other hypotensive 
agents, e.g., reserpine, rather than to increase ‘the 
dose of Lasix. oes 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug, ` s 


Parenteral Administration -The usual dose of Las 
is 1 to 2 ampules (20 to 40 mg.) given as a singe 
dose, injected intramuscularly or intravenously, The: 
intravenous injection should be given slowly (toto: 
2 minutes). Ordinarily, a prompt diuresis ensues. ` 
Depending on the patient's response a second dose 
can be administered two hours after the first dose™ 
or iater. 


if the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg.) is not satisfactory, .e.g., in a 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision; Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours afler the previous dose until the desired diuretic 
effect has been obtained. This individually deter- 
mined single dose should then be given once or twice 
daily, Parenteral administration should be reserved 
for patients where oral medication is not practical. 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this is prac- 
tical for continued mobilization of edema, 


Acute Pulmonary Edema~Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an Intensive diuresis, the treat- 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par- 
ticularly valuable. 


The following schedule is. recommended: 2 ampules 
(40 mg.) of Lasix are to be slowly injected. intra- 
venousty immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours tater if that is indicated by the pa- 
tients condition, 


H deemed necessary, additional therapy (e.9., digi- 
talis, oxygen} can be administered concomitantly, 


Until more experience is accumulated in the pediatric 
use of Lasix. (furosemide), children should not. be. 
treated with the. drug. : 


HOW SUPPLIED—Lasix (furosemide) Tablets. ar 

supplied as white, monogrammed, scored tablets: of 
40 mg. in amber bottles of 100:(FSN'6505-062-3336}, 
500, and Unit Dose..100's (20. strips. of 5), Lasix Me 


jection is supplied as a-sterile solution in 2- ml, amen” 
ber ampules; boxes of 5 (FSN 6505-435-0377) and 


50. Each ml. contains 10.mg. furosemide. (with so- 
dium: chloride for isotonicity ang sodium hydroxide 
to make the solution slightly alkaline). i 


Note: Exposure toilight may cause slight discolor 
ation which, however, does not alter potency: 
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Your experience 
with Lasix’ [furosemide] 
has proven its usefulness 
in office practice. 





O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

O Patient inconvenience is minimal since diuresis 
is usually complete within 6 fo 8 hours. 

O In long-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient's individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 
prescribing information.) 








STABL E ANGI NA OR PRE- INFARCTION ANGINA? 





WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS"... 


e terminate or reduce the 
severity and frequency of 
acute angina pectoris 
attacks 

e provide prophylaxis 
against anginal attacks 
often caused by 
unavoidable everyday 
stress 


ISORDIL 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 


*{ndications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
foilows: 

“Probably” effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 












Contraindication: idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
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and/or professional samples? 
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Introduction 


CRAWFORD W. ADAMS, MD, FACC 


Nashville, Tennessee 


Any discussion involving exercise and the heart 
should consider exercise first as a therapeutic proce- 
dure to improve cardiac performance, and second as 
a diagnostic method to evaluate the heart in health 
and disease. 

The use of exercise to improve the cardiovascular 
system and to promote longevity has been debated 
for many centuries. Chauncey Depew, who lived for 
94 years, once stated, “I get my exercise acting as a 
pallbearer to my friends who exercised.” On the 
other hand, Easton, in 1799, reported 1,712 instances 
of longevity over 100 years of age and remarked, “It 
is not the rich and the great, not those who depend 
on medicine, who become old; but such as use much 
exercise ... for an idler never attains a remarkable 
great age.’’! 

Until more sophisticated physiologic and quantita- 
tive studies are undertaken, the therapeutic value of 
exercise will remain controversial. For the present, 
let us define exercise as exertion to improve the indi- 
vidual psychologically and emotionally as well as 
physically. Exercise should not be distasteful but 
should be an individualized enjoyable discipline to 
develop harmoniously the mind and the body. Gen- 
eral or blanket recommendations to exercise may be 
harmful and should be avoided. Body build, tem- 
perament, physical fitness and age are but a few char- 
acteristics the physician must consider before recom- 
mending an exercise program. Therapeutic exercise 
should be performed preferably in an environment 
free from emotional competition. As emphasized by 
White? in his stimulating editorial, specific recom- 
mendations should be made. The type, duration and 
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stress of the exercise must be individualized. A daily 
walk, swim or jog would be more beneficial to a 45 
year old man with poor physical performance than 
an attempt to run 1 to 5 miles against the clock; a 
leisurely walk in the countryside would be more re- 
warding to the tense housewife than pushing a vacu- 
um cleaner about the house. It would be more stress- 
ful than beneficial for a 47 year old physician to rush 
through his morning schedule, drive wildly through 
traffic, and hurriedly eat lunch, in order to play 18 
holes of golf in the afternoon. 

With ischemic heart disease, ischemia and ar- 
rhythmias are most prevalent immediately after the 
sudden cessation of strenuous exercise. This may be 
referred to as the postexercise vulnerable period. To 
prevent acute ischemia and arrhythmias during this 
period, the physician should always recommen 
“warming-down” after exercise as well as ‘““warming- 
up” to exercise. 

Lack of exercise is but one of several known risk 
factors that enhance coronary artery disease; there- 
fore, we should keep exercise in the proper perspec- 
tive. We do know that exercise stimulates the collat- 
eral circulation of the myocardium, lowers the serum 
cholesterol level, promotes fibrinolysis and improves 
cardiac performance, yet exercise alone cannot pre- 
vent atherosclerosis. Lamb?» described a college track 
star who continued to exercise daily, year after year, 
by running 3 miles a day. At age 36, he died while 
running, and the postmortem examination demon- 
strated an acute myocardial infarction with exten- 
sive coronary arteriosclerosis. 

Redwood et al.? defined some mechanisms by 
which physical activity may enhance myocardial ox- 
ygen delivery, and Kattus et al.,° utilizing coronary 
arteriography, demonstrated natural collateraliza- 
tion of a previously infarcted myocardium by pro- 
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grammed exercise over a period of several years. As 
Simonson‘ states in this Symposium, “... of all the 
physiologic stressful situations, exercise imposes the 
greatest load on the cardiovascular system.” Exer- 
cise improves cardiac performance and, according to 


most, prolongs life unless other risk factors of coro- 


nary artery disease are completely disregarded. 

The use of exercise to evaluate the healthy or dis- 
eased heart is a valuable and acceptable procedure, 
and the treadmill has become increasingly popular 
as a vehicle for evaluating cardiac performance. 
With the use of telemetry, exercise procedures are 
“now easily performed in the physician’s office. 

Historically, the treadmill was used over 2,000 
years ago by the Chinese, the Romans and the 
Greeks for irrigation and construction projects. In 
1818, appalling conditions of inactivity, overcrowd- 
ing and poor health in the prisons in London 
prompted William Cubitt, a British civil engineer, to 
‘design an elongated “stepping wheel” on which doz- 
ens of prisoners might work side by side.® Treading- 
‘the-wheel for punishment became prevalent 
throughout the English prisons. By 1840, reformers 
considered treading-the-wheel a cruel, inhumane and 
“unhealthy” practice. This controversy prompted 
Edward Smith, a reformer, to investigate physical 
performance by utilizing new physiologic techniques 
during treadmill exercise. As stated by Chapman,® 
Smith was ‘“‘technicologically and intellectually far 
in advance of his time for his approach was the first 
systematic inquiry into the respiratory and metabol- 
ic response of the human subject to muscular exer- 
cise.” Smith’s treadmill experiments on pulmonary 
function in man included measurements of inspired 
air, respiratory rate, respiratory stroke volume, pulse 
rate and oxygen production. These determinations 
were performed with the subjects at rest, after 5 
-minutes of exercise and at 13 minutes after exercise. 
By 1857, additional measurements were made for 
various types of exercise including swimming, row- 
ing, horseback riding, walking and treading-the- 
wheel.” Incidentally, Smith,® while evaluating the 
working conditions of tailors in London, found their 
mortality rates higher at all ages than the mortality 
rates for farmers... 

The use of exercise to evaluate cardiac perfor- 
mance received little enthusiasm until Master and 
Oppenheimer’s ibution® in 1929 and the report 
of Master et a 42.10 From Master’s 2-step test 
s electrocardiographic monitoring 
\dmill or other step procedures, as 
et al. Correlating the compu- 
ill exercise electrocardiogram 
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Ce 
dures to evaluate cardiac symptoms are of special 
value. Complaints of “dizziness” and “fainting” fre- 
quently remain unexplained if the routine cardiac ex- 
amination is conducted only with the patient at rest. 
As emphasized by Gooch? exercise testing with con- 
tinuous monitoring usually provokes the cardiac. 
symptoms of palpitation, dizziness or syncope if due __ 
to an unsuspected cardiac arrhythmia or conductiot 
disturbance. An extensive evaluation of cardiacs 
toms and the 2-step test is summarized by 
in his comprehensive editorial. - 
The significance of the “false abnormal $- 
ment response” seen in “healthy” people : 
cussed by Simonson, and the significance 
vasoregulatory abnormalities as described a 
Friesinger et al.,!3 raise interesting questions regard- — 
ing the mechanisms of ischemia. During the past 3 _ 
years, a group of 16 women between the ages of 22. 
and 45 have been studied because of persistent sinus __ 
tachycardia, chest pain and “abnormal” T wave and: 
S-T segment changes in the presence of normal coro- 
nary arteriograms. Because their symptoms suggest- 
ed the physiologic release of catecholamines, they 
were given a trial of propranolol. Their symptoms... 
diminished as in the group treated by Friesinger et 
al.13 The term “vasoregulatory syndrome” emplo: 
by Friesinger et al. seems most appropriate. =: 
Exercise programs to determine physical fitness, t 
evaluate pharmacologic agents or to test cardiac per- 
formance after coronary artery bypass surgery are. 
now conducted with increasing frequency. With — 
greater universal use of exercise procedures, we may __ 
expect an increase in cardiac complications and an 
occasional death during or shortly after the exercise 
test. After such a tragedy, questions of professional 
responsibility, liability and litigation are raised. _ 
Ladimer!4 comprehensively reviews professional lia- 
bility in exercise testing and recommends appropri-  __ 
ate procedures for prevention of litigation. = 2000o 
To detect more cases of ischemic heart disease in __ 
its early stages and to evaluate cardiac symptoms — 
more effectively, exercise as a diagnostic technique __ 
should be considered routine for cardiac evaluation... _ 
Exercise as a therapeutic tool to improve cardiac and 
physical performance should be recommended 
age groups. provided the subjects are thoror 
program individualize 
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Place of Exercise in Cardiology 
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Boston, Massachusetts 


Despite the views of many skeptics and the absence 

of voluminous statistics to prove that physical exer- 
cise prolongs life or prevents or delays presenile ath- 
erosclerosis of coronary or cerebral arteries, there are 
clear physiologic reasons, which I shall recount, for 
its beneficial effect on the circulation in healthy in- 
dividuals as well as in the majority of patients with 
chronic disease. I am hopeful that an adequate in- 
terest will develop for more scientific studies in this 
field which for too long has played third or fourth 
fiddle to the greater amount of research on diet and 
nutrition, the toxic effects of environmental poisons, 
and stress of one kind or another. 

Let me begin with the most obvious and indispu- 
table but most neglected relationship of the simplest 
mechanical effects of physical exercise. Although a 
strong and supple heart muscle is the major factor in 
maintaining an optimal circulation in the human 
body, there are certain accessory pumping mecha- 
nisms that are rarely spoken of, let alone empha- 
sized. The first in importance, in my view, is the 
musculature of the legs, which includes especially 
the largest muscles in the body, namely, those of the 
thighs. When these muscles contract as in walking or 
running, or during sports which use the legs, the 
blood is normally pumped upward from the feet 
through the leg veins towards the heart against grav- 
ity, being prevented for the most part from being 
propelled downward by the marvelous valves in the 
veins installed by the engineering genius of nature 
many millennia ago, especially after man had be- 
come a biped mammal. Thus the standing, sitting or 
recumbent position, which requires little, if any, use 
of the leg muscles, leads toa sluggish circulation or 
stasis of blood or of its watery content in the feet and 














are rarely extensive enough to nullify it. The active 
contractions of the legs can account for about one 


third of the circulation, thus relieving the heart dur-. a 
ing such exercise of some of its load. lif one leg i is crip- $ 


Boston, Mass. 02116. 


ankles. Although varicose veins may limit. the full. 


flow to the heart. A sedentary prograr 
beneficial effect of muscular exercise of the legs, they | 


aphragm pushed up by too much 





pled or temporarily out of commission, it is advies- Š 
able to exercise the other leg in some special: local- — 
ized manner to obtain some of the benefits of exer- _ 
cise. 
A corollary benefit of regular leg muscle exercise is 
the maintenance of a vigorous flow of blood through 
the leg veins to reduce the very common threat of | 
thrombosis therein in persons either sick or well who. 
are acutely or chronically confined to a sedentary 
life, sometimes voluntarily so. So far as I know, ade- 
quate statistical ‘proof of this is still lacking, al- 
though some studies have been made and it has been 
the experience of many of us in active practice | for. 
many years. This is especially important in the over- 
fed population of this country and in at least a ce: 
tain proportion of the overfed and underexercised _ 
people of many other western countries in which | 
thrombophilia is rampant. E 
Another corollary benefit of optimal physical exer- 
cise is psychological. One of the very best tranquiliz- 
ers that I have ever known to neutralize the effect of 
emotional stress or of mental fatigue is physical exer- 
cise. A brisk or even a more leisurely walk of a few 
miles or comparable exercise can serve as an anti- 
dote for most of the worried and sleepless people L 
have met, and it is far better than alcohol or drugs of 
one kind or another. Coffee or tea often aggravates: 
the stress. : 
Another muscle in the body that plays an impor- 
tant role in the beneficial effect of exercise is the dia- 
phragm. I am always more optimistic about a pa- > 
tient’s future when I observe fluoroscopically a free 
and full excursion of the diaphragm in respiration 
bringing not only ample air into the lungs but, by. 
negative pressure in the thorax, also aiding the blood _ 
high di- 
minal fat, or. 
S1 king or other 
efit to health that 
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helpful to initiate a program of periodic deep breath- 

. ing din some of my patients in whom limitation of eli- 

- ther coronary or myocardial reserve or both is a 

handicap to skeletal muscular exercise. 

“>. [have said nothing about physical exercise of the 
arms. This I have done purposely because it is of far 
less importance in maintaining an optimal general 

circulation. Nevertheless it is a valuable adjunct, 

= especially if one’s occupation or chosen sport in- 
volves the arms, and also if leg exercise is limited by 

: injury, old or new, or by polio. But I would add that 

-the huge biceps muscles of the weight lifter or of the 

wrestler are of little advantage to the general circula- 

tion. 

oe A word should be added concerning the kinds and 

ae derre of exercise. I suppose that a person with a 

|. Mesomorphic (very muscular) build demands more 

muscular exercise than an ectomorph (skinny per- 
son) and that when one becomes an octogenarian 

Jess exercise is wisely needed for good health. As for 

he kind of exercise, I would leave that up to the in- 

dividual; the joy of any special sport adds, I am sure, 
to its beneficial effect. As for a person with a dis- 
eased heart or any other organ, there can be no gen- 
eral rules as to the amount or kind of exercise. Al- 

- most every patient not acutely ill is helped by physi- 

< cal exercise, but the amount and kind must be, left 

_ for the physician or health expert to decide by care- 

ful study and testing. It must be fitted to every per- 

gon individually, no matter what his ailment. One of 
the great advances in the last generation has been 
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the physical and mental rehabilitation of many pers 
sons previously considered to be cripples. 
Finally, let me mention a few. studies that, al: 2 
though not accepted unconditionally, do support the 
probability that physical exercise can promote lon. 
gevity and delay the onset of crippling atherosclero- 
sis, especially of the coronary arteries. One of these is. 
the famous study of Irish brothers? by Stare (of Bos- 
ton) and Jessop (of Dublin) which showed that the- 
hard physical labor of the Irish farmer in Ireland . 
protected him from some of the evidence of circula- 
tory disease found in his brothers who had. migrated | 
to Boston and had adopted the relatively sedentary | 
life of the USA citizen, this despite the fact that the 
actual diet of the farmer in Ireland was higher in | 
calories and. in animal fat than that of his brother in 
the USA, and incidentally his weight: was less. An- 
other study, this time of Harvard University football 
players,? showed a beneficial effect.on longevity and | 
health of continued vigorous exercise in the years 
after graduation. In many. population groups, how- 
ever, epidemiologic investigation has made it very 
difficult to separate the benefits of physical exercise 
from the more obvious benefits of diet. But more _ 
studies are being contemplated and someday we may | 
have more proof of the convictions that many of us 
have that physical exercise is not only pleasant and 
physiologically beneficial but also conducive to 
greater longevity and better health. It is my ho 
that the proverb “Walking to Wisdom” will becom 
a way of life. Poh 


Nutr Diet 12:1-42, 1970 


3. Pomeroy WC, White PD: Coronary heart disease in former 
football players. JAMA 167:711-714, 1958 i 
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The 2-step exercise test is the safest for determining the function of 
the ‘heart, in evaluating its work capacity and in determining thera- 
peutic measures. The maximal heart rate obtained with the 2-step 
test is adequete for the detection of coronary artery disease. The 
“augmented” 2-step test, when negative, completely excludes the 
presence of coronary artery disease. Strenuous exercise tests are 
discussed in a general way. They have not as yet been standardized 
and they are not for office use. S 


A test that determines the function of the heart is a requisite in 
making a diagnosis of coronary disease, in evaluating the work ca- 
pacity of the heart and in determining the therapeutic measures nec- 
essary to rehabilitate the patient. But which of the many tests that 
have been advocated for this purpose is the safest and yields the 
most pertinent data? I believe it is the 2-step test.1-> ea 

This discourse deals mainly with the 2-step test. The maximal 
heart rate, as determined by this test, is completely adequate to de- 
tect the presence of coronary artery disease.* However, in order to 
enhance the value of a negative double Master 2-step test, the “aug- . 
mented” 2-step test was developed.” This calls for a 15 percent in- 
crease in the number of trips prescribed in the basic 2-step test but 
performed in the same 3 minutes. The ischemic depressions on the 
tracings are more clear-cut, and the advantages of this will be dem- 
onstrated. 

Also discussed in a very general way are the strenuous exercise 
tests that have been devised and tried. This discussion is not long 
because none of these tests have been standardized and almost every 
medical center and hospital uses its own method. 


The 2-Step Test 


We have found that the regular 2-step test with postexercise elec- 
trocardiograms is a great aid in diagnosis and completely safe when 
performed as directed.*-5 It is essential that a complete history be 
taken before the patient is permitted to perform the 2-step test to 
make certain that he is not having an impending infarction. If he has 
had severe prolonged pain within the last week or 2, even if his rest- 
ing electrocardiogram is normal, the test should be deferred. If the 
patient has noticed a sudden change in the characteristics of his 
pain, for example, an increase in its severity or pain in a new loca- 
tion or more easily triggered, or pain for which he requires more 
nitroglycerin than usual in order to obtain relief, he should not be 
permitted to perform the test even though the resting electrocardio- 
gram is normal, for all these suggest an impending infarction.® 

The Master 2-step test does not require elaborate equipment or 
personnel. No more than one person is necessary for supervising its 
performance. This person, incidentally, need not be a doctor; a 
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trained nurse or technician will do. However, if the 

performance of the test is supervised by either of the 
latter two, the physician should be within easy 
“feach—no more than 20 feet distant. 

Incidentally, the 2-step test does reveal the rela- 
tive physical work capacity of the patient in the 
sense that if the result of the “augmented” test is 
completely negative, the patient may undertake un- 
limited forms of physical activity. On the other 
hand, if ischemic S-T segment depressions are ob- 
served, the patient is simply cautioned to avoid 
undue physical, emotional and mental strain. He 
may walk, swim, golf, bicycle, bowl or ski. 

Standardization: The need for standardization 
of the 2-step test has been emphasized and proved in 
many: previous publications.*:5 By using a standard- 
ized test, it is possible to perform physiologie and 

pharmaceutical experiments and to compare univer- 
. sal results. The late Paul Wood of London utilized 
<- the standardized 2-step test in his studies on 
» dproniazid.2 We exchanged correspondence and 
found that his experience with iproniazid was similar 
“tó ours. Another example of the value of standardi- 
zation is our experience with propranolol, a beta ad- 
-renergic blocking agent. This drug which relieves the 
pain of angina except when the exciting cause is ex- 
treme, be it mental or physical, has proved to be the 
best that we have ever used in the treatment of angi- 
< na; refractory angina or impending infarction. How- 
ever, if the 2-step test is performed at least 5 hours 
after the last dose of propranolol has been taken, the 
results will be abnormal for, despite the loss of pain, 
the underlying coronary disease remains unchanged. 
. Criterion of an abnormal 2-step test: We insist 
‘that an “ischemic” RS-T segment depression on the 
'.electrocardiogram of more than 0.5 mm be consid- 
< ered the criterion of an abnormal test.*:5 Although at 
times it may be difficult to discern a 0.5 mm depres- 
sion on the tracing, if one chooses at least 3 beats on 
a horizontal level and uses the P-Q or P-R interval 
as the base line control, a moment or two of study 
will produce the answer. RS-T segment elevations, 
that is, elevations that first appear after the stan- 
. dard exercise test or elevations that are greater than 
those observed on the resting or control tracing, con- 
stitute a positive test provided that they are quanti- 
..tatively 0.5 mm or more. An inverted U wave, al- 
though only rarely observed, is considered an abnor- 
mal finding. 

Significance of a negative test: We have been 
discussing the significance of a positive 2-step test, 
that is, the abnormal exercise electrocardicgram. 
However, a negative test is just as significant as a 
positive one. We have had hundreds of instances in 
which a negative double 2-step test has led to a 
< search for noncardiac causes of the chest complaints. 
This in turn has led to the discovery of a hiatus her- 
nia, cervical or dorsal arthritis, or both, gallstones, 
gastric and duodenal ulcers, among others, as the 
cause of the patient’s symptoms. 


November 20,1972 The American Journal of CARDIOLOGY Volume 30 719. 


The 2-step test in silent coronary artery dis- 
ease: Some patients with coronary disease are com- 
pletely asymptomatic; they do not have anginal 
equivalents or symptoms of heart disease, such as 
dyspnea, palpitation or weakness. These patients are 
considered to have silent coronary disease. Silent 
coronary artery disease, now a well established and 
important clinical entity, is currently being over- 
looked. If the resting electrocardiogram is negative, 
an exercise test should be performed. In the patient 
with silent coronary disease, the physical examina- 
tion may reveal either very little or nothing at all. 
Millions of men and women in this country over the 
age of 35 are afflicted with this disease but are una- 


ware of its presence. Significant electrocardiographic’ ` 


changes in this group are detected by exercise proce- 


dures. Extensive follow-up studies+ 5-10-14 have con- = 
firmed the value of the 2-step test. by the later ap- 


pearance of the anginal syndrome, an abnormal rest- 
ing electrocardiogram, a dramatically positive post- 
exercise test, an enlarged heart, heart failure and 
subendocardial or transmural infarction. 

The 2-step test in other diseases: 
2-step test is as useful in detecting interference with 


the coronary circulation in other forms of heart dis- _ 
ease as it is in detecting coronary artery disease it- 


self.4:5 Thus, in rheumatic valvular disease, congeni- 
tal heart disease and hypertensive disease, the test 
will be positive if the coronary circulation becomes 
inadequate during standard physical exercise. 

Two-step test and arrhythmias: Both postexer- 
cise and monitored electrocardiograms are important 
in the search for cardiac arrhythmias. We observed 
that arrhythmias often appeared during and directly 
after the 2-step test and reported this finding in 1942 
and in 1957.3-5.15-17 Such unexplainable symptoms 
as giddiness, dizziness and unsteadiness, irregular 
heart thumps, faint-like sensations and even genuine 
syncope can be caused by cardiac irregularities or 
tachycardia, or both. Frequently these symptoms. are 
not observed during physical examination or on the 
resting electrocardiogram. 


Stress Electrocardiography 
In recent years, it has been suggested that in stress 


electrocardiography the amount of exercise per- ` 


formed should be determined by the maximal heart 
rate attained rather than predetermined on the basis 
of the patient’s age, sex and weight, as in the 
standardized Master 2-step test. Optimal exercise is 
considered that which produces 85 percent or more 
of the “maximal age-predicted heart rate” as deter- 
mined by Robinson in 1938.18 It must be borne in 
mind that this rate was derived from a single study 
undertaken to determine the physical fitness of 
healthy subjects and not to detect the presence of is- 
chemic heart disease. For those interested in strenu- 
ous testing, the reports of Bruce et al., Blackburn, 
Blomquist and Simonson!%?1 are excellent. It has 
been implied that the “2-step” exercise induces less 
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than adequate increments in heart rate, but this is 
not the case. The highest heart rate attained in the 
2-step test, by our monitored technique, is more 
than adequate for the diagnosis of coronary artery 
disease, since positive ischemic depressions in the 
S-T segment of various quantitative amounts appear 
on the tracings just as frequently when the actual 
maximal heart rate is 110 beats/min or even less, as 
they do when the rate is 150 to 170 beats /min.® 

We utilized the monitored 2-step test in 200 male 
patients with classic angina, 100 with normal resting 
electrocardiograms and 100 with abnormal but sta- 
ble tracings. We recorded their heart beats contin- 
uously, that is, at rest, during the initial 3 minutes 
of the 2-step exercise test and after its completion. 
The recording after completion of the exercise was 
continued until the tracing indicated that the heart 
rate had returned to its rate during the resting state 
and as determined by the contour of the waves on 
the electrocardiogram. Incidentally, as ‘“‘controls,” 
we utilized 100 normal people of practically the same 
age who were examined at the same time as the 200 
patients with angina pectoris. These people were 
undergoing routine annual check-up examinations 
and were completely normal by history, physical ex- 
amination, chest X-ray film, resting electrocardio- 
gram and Master double 2-step test. The latter were, 
of course, also monitored tests. Among our 200 pa- 
tients, half with normal and the other half with ab- 
normal but stable resting electrocardiograms, the 
quantitation of the amount of RS-T segment depres- 
sion did not correlate with age, resting rate or maxi- 
mal heart rate attained. The RS-T segment depres- 
sion ranged from 0.5 to 7.5 mm in depth. Thus, as 
previously stated, the maximal heart rate attained 
with the 2-step exercise is adequate for the objective 
detection of coronary artery disease in patients with 
an anginal syndrome. The highest heart rate at- 
tained with the 2-step test in 200 patients with angi- 
na who were monitored was on the average 73 to 74 
percent of the maximal age-predicted rate as given 
by Robinson, not the 85 percent which investigators 
first desired. Ours seems a reasonable result. As al- 
ready stated, Robinson was interested in determin- 
ing the “physical fitness” of healthy boys and men, 
and he exercised them strenuously, whereas we were, 
and are, concerned with the detection of “ischemic” 
heart disease or its objective substantiation. We be- 
lieve that strenuous. exercise undertaken for this pur- 
pose is dangerous. In addition, strenuous exercise is 
more apt to produce ‘‘false positive” results than the 
2-step exercise test which is standardized for age, sex 
and weight. 


We believe, like Dr. Gorlin and his associates, ?? 
that the regular Master 2-step test should be per- 
formed before any type of strenuous testing is per- 
formed and only when this is negative should a 
strenuous test for physical fitness be assayed. 

Mason et al.?* criticized the Master 2-step because 
the patients did not reach a “steady state.” This, in 
fact, was their prime criticism. They are completely 
mistaken. A steady state is attained in practically 
100 percent of those who perform the regular double 
Master 2-step test. 

Augmented 2-Step Test 

In the last few years, before giving a patient with a 
negative double Master 2-step test a “clean bill of 
health,” we have had him perform the “augmented” 
2-step exercise test. This is simply a 15 percent in- 
crease in the number of trips prescribed for the regu- 
lar double 2-step exercise test to be performed in the 
same amount of time, namely, 3 minutes. The “aug- 
mented” double 2-step test will change the occasion- 
al “false negative” result to a positive one. It is 
hoped that with the introduction of this test the 
“false negative” result will become a vanishing 
quantity. With the augmented 2-step exercise test an 
equivocal S-T segment depression may change to a 
clear depression of 0.5 mm or more, and a 0.5 mm 
depression to a 1 mm depression, which some inves- 
tigators demand as a criterion for a positive test. 

When the Master 2-step test is not monitored, as 
is usually the case in a physician’s office, there is a 
simple method of obtaining the peak rate.® If the re- 
cording of the postexercise tracing is delayed until 
the patient lies down, the highest rate attained will 
plummet down within 10 to 20 seconds and the re- 
cording will not show the true peak rate. To avoid 
this, we have followed this innovation in procedure 
for years: the very moment the last trip in the 2-step 
exercise test is performed, the electrocardiograph is 
flipped on while the patient is still walking. The 
tracing so obtained is not a “thing of beauty,” but 
the QRS complexes are always discernible and there- 
fore peak rate is easily measured. 

In order to discover incipient, latent or silent coro- 
nary disease in the earliest stage possible, while 
treatment may be helpful, every person over the age 
of 35 should undergo an annual physical examina- 
tion. This should include a 6 foot chest X-ray film 
and a resting electrocardiogram. If this control (rest- 
ing) electrocardiogram is negative, a Master 2-step 
exercise test or an equivalent.test of cardiac function 
should be performed in order to detect or rule out 
the presence of underlying coronary heart disease 
which is often silent. 
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The limit of oxygen transport (VO3) and aerobic work capacity is es- 
sentially determined by blood flow (cardiac output [CO]), so that 
maximal VO, has been used for evaluating cardiac performance. In- 
crease of heart rate is the principal mechanism for increase of car- 
diac output in exercise and has been used for predicting VO, with 
an age correction. There is a nearly linear increase of arteriovenous 
oxygen difference (AA-VO-) with the heart rate or percent of maxi- 
mal VO., which is steeper in patients with valvular heart disease, so 
that the increase of AA-VO> with work load is a valuable index for 
cardiac compensation-decompensation. 

As a potentially valuable qualitative criterion, determination of car- 
diac mechanical efficiency (7) is suggested by the ratio 


cardiac work (CW = CO X mean aortic pressure) 





myocardial oxygen consumption (MVO2) 


There is a high correlation between MVO2/100 g left ventricular | 
weight and the product heart rate X peak systolic aortic (or brachial 
artery) pressure X 10~?. 

Other qualitative criteria are inability to maintain a steady state of 
VO», pulmonary ventilation, blood pressure and heart rate in aerobic 
work, and decrease of utilization of respiratory oxygen. The most im- 
portant criterion for the inadequacy of myocardial oxygen supply in 
exercise is the ischemic depression in the $-T segment. 


Of all physiologic stressful situations, exercise imposes the greatest 
load on the cardiovascular system. As early as 1923, Hill et al.* rec- 
ognized that the limit of oxygen transport, essentially of blood flow, 

determines the limit of work performance and that the critical fune- 
tion for the maximal blood flow is the oxygen demand and supply of 
the heart. There is a high linear correlation between oxygen con- 
sumption (VOz) and cardiac output (CO)1-4 (Fig. 1, lower left). 

Therefore, the maximal VOz has been used for many years for evalu- 
ating cardiovascular capacity (reviewed by Rowell,® in Simonson®). 

There is also a high correlation between the heart rate and VO? up 
to near maximal levels in exercise performed in upright position (Fig. 
1, upper left) so that the heart rate has been used for predicting VO2 
by Astrand and Ryhming? and several other workers. However, an 
age correction is necessary: It may be implied that the heart rate 
can be used for predicting cardiac output. There are, however, sever- 
al limitations. The prediction of VO; from the heart rate has an error 
of about +15 percent? even with age correction. The normal regres- 
sion between VO» and cardiac output is not valid-in the presence of 
impairment such as pulmonary disease, anemia and some types of 
heart disease. 

. The oxygen transport is determined by the product cardiac output 
x arteriovenous oxygen difference (AA-VO2). Cardiac output, in its 
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FIGURE 1. Relationships be- 
tween increase in heart rate, 
VO», cardiac output (Q), stroke 
volume and AA-VOb. Effects of | 
body position at rest and during 
exercise in athletes (continuous iver 
lines) and nonathletes (inter- 
rupted lines). Filled symbols = 
supine; empty symbols = sit- | 
ting. (Reprinted by permission 
from Bevegård et al. 4). 


turn, is determined by the product stroke volume X 
heart rate. The linearity of the regression between 
the increase in cardiac output and VOz implies ei- 
ther constancy or linearity of the increase of AA-~VO2 
with the increase of VOz2 and work load. According 
to Reindell et al.,1° AA-VOz increases linear with the 
work load which implies also linear with VO2 and, 
according to Blackmon et al.,11 linear with VOpz in 
percent of maximal VO% (Fig. 2). Bevegard et al.4 
found a nearly linear increase in AA-VOp» with the 
heart rate up to 170 beats/min in upright exercise, 
which also implies linearity with VOz (Fig. 1, upper 
right). In patients with valvular heart disease, the 
increase of AA-VO2 with percent of maximal VO% is 
also linear but much steeper than in normal 
subjects, which is obviously a compensatory mecha- 
nism (Fig. 2). Thus, the heart rate is the most im- 
portant determinant for the increase in cardiac out- 
put with increase in VOz particularly at higher work 
loads. The stroke volume increases only up to about 
40 percent of maximal VO2?>4 (Fig. 1, lower right). 
In patients with cardiac disease, the increase in 
stroke volume is impaired, as was recognized already 
by Lindhard.}? Therefore, in patients with heart dis- 
ease the increase in oxygen transport is accomplished 
to a greater degree than in normal subjects by the 
increase in heart rate and AA-VObp. The heart rate is 
also the most important determinant for the coro- 
nary blood flow.13 

For evaluating cardiac performance, quantitative 
and qualitative criteria are available. As a quantita- 
tive criterion, cardiac work is essentially determined 
by the product of cardiac output X mean aortic 
pressure, ignoring the relatively minor components of 
the energy for acceleration of blood flow and for fric- 
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tion, that is, according to Starling and Evans?‘ car- 
diac work (g-cm/min) = cardiac output (ml/min) Xx 
mean aortic pressure (cm Hg) X 13.6 (specific gravi- 
ty of mercury). 

Mechanical efficiency; a criterion of cardiac 
performance: An appropriate qualitative criterion 
would be the mechanical efficiency, that is, the ratio 
of cardiac work/minute per myocardial oxygen con- 
sumption (MVO2/min). MVOz can be expressed as 
mechanical equivalent (kg-m)1!> so that the mechani- 
cal efficiency can be expressed as the ratio of cardiac 
work (kilogram-meter/min): mechanical equivalent 
of MVO: (kilogram-meter/min). This approach has 
been used by Lombardo et al.1® in 13 patients with 


MS y = 0.126 x +3.75 (r= 96) 
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FIGURE 2. Left, total body arteriovenous oxygen difference 
at rest and during exercise up to and including levels requiring 
maximal oxygen uptake in 7 patients with pure mitral stenosis. 
From Blackmon et al.'' Data from patients are contrasted with 
those of Åstrand et al.2 from normal young men and women. 
Right, the same data, plotted against the percent of maximal 
oxygen uptake required during exercise by each group. The pa- 
tients’ data fall between the regression lines for normal young 
men and women. Reprinted by permission of the American 
Heart Association, Inc. from Blackmon et al. "! 
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FIGURE 3. Regression between myocardial oxygen consump- 
tion (MVO2 /100 g left ventricular weight per minute). (ordinate) 
and the product heart rate (HR) and peak systolic aortic pres- 
sure (Sys Ao) (abscissa) with increasing load. (Reproduced from 
Kitamura et al.?°) 





various pathologic conditions (but without normal 


controls) in mild supine exercise during cardiac 
catheterization but has been rarely applied later. 
Both the mechanical work and VOz can be converted 
‘also into the caloric equivalent and the mechanical 
efficiency determined as ratio cal (cardiac work): cal 
(MVOz) as ratio. or as ‘percentage, using 4.85 cal as 
caloric equivalent per 1 ml MVO». For clinical appli- 
cation, however, the conversion into calories may not 
be necessary; the simpler expression cardiac work/ 
MVOz may be used as equivalent. Similarly, in exer- 
cise physiology the expression mkg/VOz or even the 
reverse expression VOz/mkg has often been used as 
equivalent for mechanical efficiency (reviewed in Si- 
monson).® Thus, determination of an equivalent of 
mechanical efficiency for the heart is derived from 
- exercise physiology. The high initial mechanical effi- 
ciency of the muscle fiber, with a theoretical maxi- 
mum of 50 percent,!” decreases in various steps of 
energy loss on the way to conversion into external 
work. 

The largest and most variable sources. of energy 
loss are, according to Atzler,1® the energy for stabili- 
zation of posture and joints, which does not exist for 

the heart, and the energy for movements of parts of 

the body usually ignored in the determination of ex- 
ternal work. Its cardiac equivalent would be the 
movement of the ventricular walls, probably a minor 
source of energy loss, Hypothetically, therefore, the 
normal variability of cardiac mechanical efficiency 
should be. less than the large normal variability of 
the mechanical efficiency for external work in vari- 
ous types of work. Abnormal variation is expected to 
be larger.?9 

MV0Q2/100 g left ventricular weight per minute 
can be quite reliably predicted (r = 0.9) from the 
product heart rate x peak systolic aortic pressure x 
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weight per minute (ordinate) and heart rate (abscissa) with in- 
creasing load in upright exercise. (Reproduced from Kitamura 
et al.2°) 


10-2 (Fig. 3), or nearly as well from the heart rate (r 
= 0.88) (Fig. 4).2° The difference between these 2 
correlation coefficients: is not statistically signifi- . 
cant.2° Since the correlation between arterial blood 
pressure and aortic blood pressure is high, brachial. 
arterial pressure may be substituted for aortic pres- 
sure. In the results of Kitamura et al.,?° the mean 
difference between the mean aortic and brachial ar- 
terial pressures was 2.5 mm. Thus, MVO2/100 g left 
ventricular weight per minute can. be calculated from 
the regression equations or read from the. graphs. 
The heart weight is estimated from body weight 
from Figure 3 of Grande and Taylor’s chapter.21 The 
relationship between log heart weight and log body 
weight is linear. The sum of septal plus left ventricu- . 
lar weight is 42 percent of total heart weight.2? Car- 
diac work per 100g left ventricular weight per min can 
be determined in a manner similar to that of calcula- 
tion of MVO2/100 g left ventricular ‘weight per min. 
Therefore, for determination of the equivalent of 
the cardiac mechanical efficiency, all data are easily 
available except aortic pressure which’ can be omit- 
ted or substituted by brachial arterial pressure.* The 
great advantage of this simplified method over that 
of Lombardo et al.1¢ is that cardiac catheterization. 
is not necessary. This expression, therefore, deserves 
consideration as potentially sensitive qualitative -cri- 
terion of cardiac performance. Of the 2 compensato- 
ry mechanisms for increase of VO» in exercise in car- 
diac patients, increase of the heart rate will tend. to 
decrease, and increase of AA-VO2 will tend to im- 
prove, the mechanical efficiency. A primary applica- 
tion would be suspected cardiac work insufficiency. 


*The Mechanical efficiency for external work is-usually deter- 
mined from the excess VOz over the resting level. This proce- 
dure does not seem to be appropriate for the heart. 
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Other qualitative criteria are more indirect: ap- 
pearance of symptoms of work insufficiency,1°-23 
such as inability to maintain a steady state of VOz 
or pulmonary ventilation (Ve), blood pressure or 
heart rate during continued work. The breakdown of 
the steady state of Vg occurs before that of VO2 and 
` js, therefore, a more sensitive index. It occurs earlier 

or at lighter work loads in older people and particu- 
larly in patients with cardiac disease. Therefore the 
utilization of respiratory oxygen ("respiratory effi- 
ciency,” “respiratory equivalent,” in the terminology 
of various investigators, that is, VOo/Ve or the re- 
verse expression V;/VOz2) can be used as simple in- 
direct index of cardiac work insufficiency. It is, how- 
ever, not specific for cardiac insufficiency (reviewed 
~ by Simonson®), It may occur also in patients with 
pulmonary and metabolic diseases or in neurotic pa- 
‘tients (central hyperpnea). We mentioned that in 
cardiac patients the increase of AA-VOQOz is steeper 
than in normal subjects (Fig. 2). Consequently, the 
increase of AA~VOz during exercise can also be used 
as criterion of cardiac work insufficiency, and is more 
directly related to oxygen transport than Vg. 

Subjective criteria for work insufficiency are ap- 
-pearance of dyspnea or other discomfort, or in coro- 
nary patients anginal pain. 

Myocardial oxygen supply: ischemic S-T seg- 
ment depression: Probably, among the most impor- 
‘tant qualitative criteria is the sufficiency of myo¢ar- 
dial oxygen supply. This is a problem for normal 


people only in strenuous exercise when peripheral 


hypoxia or liver hypoxia may be critical factors for 
_ limitation of performance.®.§ In coronary patients, 
-myocardial ischemia occurs at a much lower exercise 
- load, usually, but not always, associated with angina 
pain, This is true also for peripheral ischemia with 
resulting pain in the legs of patients with peripheral 
arteriosclerosis (intermittent claudication). The best 
criterion for the insufficiency of myocardial oxygen 
supply is the “ischemic S-T segment depression,” 
- that is, type D, E in the schematic diagram (Fig. 5). 
During strenuous exercise, there is usually a pro- 
nounced junctional S-T segment depression, up to 2 
to 3 mm in apparently healthy people. 

However, the differentiation between junctional 
S-T segment depression (type C) and “ischemic S-T 





A B C 


ie che. i 
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FIGURE 5. Types of ST-T changes in exercise tests. A, nor- 
mal electrocardiogram, at rest. B, false junctional (J) S-T seg- 
ment depression due to atrial T wave (Ta). C, true junctional 
S-T segment depression. D, ischemic S-T segment depression 
—horizontal. E, ischemic S-T segment depression: sloping 
down. F, isolated T wave inversion. (Reprinted by permission: 
from Simonson,?*) 








segment depression” (type D, E) is somewhat. 
fluid.24 The pronounced junctional S-T segment 
depression in normal subjects during strenuous exer- 
cise is probably due to subendocardial ischemia.24 It 
is fast reversible during the recovery period. In con- 
trast, the true ischemic response of patients with 
coronary disease lasts usually through the recovery | 
period of 5 to 10 minutes. The ischemic response is | 
not specific for coronary heart. disease; it may occur 
also in patients with hearts damaged by other condi- 
tions but may be due to decreased tolerance to oxy- © 
gen deficit in a damaged heart. There is also an ap- | 
preciable number of “false abnormal” responses, oc- 
curring in apparently healthy people, particularly in. 
women. However, only a follow-up over several years 
can show whether ‘ ‘a false abnormal response” may 
be an early symptom of developing coronary dis- 
ease.”4 The “false abnormal response” may be due to _ 
increased catecholamine output,25 which, according 
to Raab,?6 increases myocardial oxygen consump- 
tion. If this is true, the false ischemic response may 
still be a hypoxic response, indicating insufficiency 
to meet the increased oxygen demand of the heart in 
exercise. 
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A clinical trial was made. of the method for measuring physical fit- 
ness and the taking of exercise electrocardiograms as proposed by 
the Tennessee Heart Association. The progressive step test in which 
the subject proceeds until he reaches 85 percent of his predicted 
maximal heart rate (HR 0.85) was applied to 66 adult men and 
women. The test was found feasible, and the results were found 
highly reproducible. The energy cost was measured and approximat- 
ed 85 percent of the predicted maximal expenditure. The Tennessee 
procedure is recommended for wide clinical use. 


Patients will often ask for medical clearance before undertaking. con 
ditioning programs,! and the application of measured loads of phy 
cal work while recording the electrocardiogram is a useful method fo 
evaluating their cardiac health.? Measuring physical fitness in th 
physician's office requires convenient equipment and feasible proc 
dures. The traditional method has been with the Master ‘‘2-s 
test. ”3 This method uses a fixed work load predetermined by the pa 
tient’s age, sex and weight. It is often too demanding for i impaire 
people and too little for the vigorous. A suitable test should permi 
the application of some predetermined proportion of that subject 's 
maximal work capacity. This is best accomplished by applying a: 
progressive work load which uses the major muscle groups and is an 
activity suitably familiar tothe subject so that skill and training are 
not necessary. The work load should be increased slowly until some. 
predetermined pulse rate is reached. Since pulse rate is approxi- 
mately related linearly to expenditure this is an easily available 
index of response. 4 

In Europe the stationary bicycle ergometer has been widely used 
for this purpose even though it does not demand the maximal oxygen 
consumption measured with a treadmill technique. The motorized 
treadmill is readily adapted to most subjects. It is used by physiolo- 
gists as the reference method for measuring maximal oxygen con- 
sumption.® A confusing variety of treadmill techniques has emerged,?® 
each investigator tending to settle on his unique system. This prac- 
tice obscures the interpretation of submaximal tests especially, i, 

Balke and Ware’ incorporated the elements of physiologic adapta- 
tion, feasibility and safety in their continuous treadmill technique 
which utilizes a constant walking speed of 90 m/minute, initially at 
zero grade but increasing the grade by 1 degree (about 1.75 percent) 
at the end of each minute. We have had a large experience with this 
method among middle-aged men and use it as the reference method 
for measuring maximal oxygen consumption.® The method is limited: 
for physician’s use by the size and cost of the motor-driven tread- 
mill. 

A committee of the Tennessee Heart Association developed a man- 
ual entitled “Physician’s Handbook for Evaluation of Cardiovascular 
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FIGURE 1. The subject is stepping at the 8 inch level. The 12 
inch step, on his left, and the 16 inch step, on his right, will be 
folded down at 3 minute intervals. 


and Physical Fitness”? which has had wide circula- 
tion. The testing procedure described uses a progres- 
sive work load achieved with a set of fixed steps on 
which the subject exercises at a constant rate. This 
stepping test was suggested by Balke and Skinner.?° 
The end point is the step height and the time re- 
quired to reach 85 percent of the subject’s predicted 
maximal pulse rate, this being determined by refer- 
ence to an age-pulse chart adapted from Åstrand! 
and others. 1? 

One difficulty with the Tennessee Heart Associa- 
tion procedure was the cumbersome step structure 
necessary. Another was the limited available experi- 
ence with the test in a clinical setting. We have 
undertaken to develop practical experience with the 
progressive step test of Balke following the methods 
developed by the Tennessee Heart Association. Re- 
petitive measurements were made on subjects to as- 
sess the precision of the method and to compare the 
results with those of the maximal treadmill test. The 
energy costs of the test have been evaluated. 


Materials and Methods 
A compact and convenient instrument with step eleva- 


tions of 0, 4, 8, 12 and 16 inches was constructed.* A met- 


*A refined version of these steps incorporating a metronome 
has been developed and will soon be available from Health 
Through Education, 4991 Southern Ave., Memphis, Tenn. 38117. 


ronome producing both audible and visible signals at a 
rate of 120 beats/min was followed by the subject and a 
sweep-second wall clock was used by the attendant. A di- 
rect-current defibrillator (Physio-Control Corporation, 
Seattle, Wash.) and an emergency kit with appropriate 
drugs, airways and oxygen were kept available. Chest elec- 
trodes were used at Blackburn’s CMs position.1? These 
were connected to an electrocardiograph for recording of a 
single chest lead during the test. 

The subjects were male and female volunteers recruited 
from the staff and students of a college and from the regu- 
lar members of a local YMCA. They were tested between 
8:00 AM and 5:00 PM without concern for recent physi- 
cal activity, last meal, smoking or other factors. The 
subjects appeared for the test in gym clothes. They were 
weighed and measured and subjected to a brief physical 
examination including the taking of a medical history, 
blood pressure and a resting electrocardiogram. The 
subject then sat quietly while the procedure was ex- 
plained, the chest leads were applied and a base-line CM5 
tracing was recorded. The subject was allowed to practice 
the 4 step cycle for 30 to 60 seconds. The sequence of this 


TABLE | 
Heart Rate (HR) Determination 


Interval Between 5 R Waves 
Heart Rate with Stop Watch May oaan sta 


(time for 10 cycles) Paper Speed 








HR 
Sec HR 25 mm/sec 50mm/sec (beats/min) 
4.6 130 45 90 167 
4.5 133 46 92 163 
4.4 136 47 94 160 
4.3 140 48 96 156 
4.2 143 49 98 153 
4.1 146 50 100 150 
4.0 150 51 102 147 
3.9 154 52 104 144 
3.8 158 53 106 141 
3.7 162 54 108 139 
3.6 167 55 110 136 
375 171 56 112 134 
3.4 176 57 114 131 
58 115 130 
TABLE Il 
Target Heart Rate (85 per cent of maximal predicted) 
(HR 0.85) by Age 
Predicted Average Target 
Age Maximal 85% Maximal 
(yr) (HR max) (HR 0.85) 
25 200 170 
30 194 165 
35 188 160 
40 182 155 
45 176 150 
50 171 145 
55 165 140 
60 159 135 
65 153 130 
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is right foot forward, left foot forward, right foot back, left 
foot back, the cycle comprising 4 counts thus amounting 
“to 30 cycles/min with a cadence of 120. This stepping is 
continued for 3 minutes on the level and then shifts with- 
out. a break in the cadence to the 4 inch step and con- 
tinues for 3 minutes and so on (Fig. 1). The subject alter- 
> nates his lead or lifting leg with a skip step every minute 
onan audible signal from the attendant in order to equal- 
ize the lifting work between the legs. The subject is shown 
how to distribute the load of lifting between the gastroc- 
nemius, the thighs and the spinal levator muscle groups. 
The pulse rate was derived from the movement of the 
“-electrocardiographic stylus with each R wave. For approx- 
imation, the operator counted 10 deflections and noted 
the elapsed time with a stop watch. For determination of 
“the terminal pulse rate a caliper was used. to measure the 
< intervals between a spread of 5 R waves (Table Ik The 
< target heart. rate was determined from the predicted. max- 
z imal foreach subject according to his age and sex (Table 
<TD. When the 85 percent of predicted maximal heart rate 
(HR. 0.85) was reached, the subject was asked to sit down, 
“and the step height and duration of stepping, in minutes 
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16 
STEP 
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IN 8 
INCHES 6 
4 5 
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e eene 
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IN 
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2 
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AGE IN YEARS 
FIGURE 2. Estimation of fitness from step height achieved at 


“85 per cent of predicted maximal heart rate (HR 0.85). Subjects 
will not usually stop with a HR 0.85 just at the end of the 3 min- 

: ute interval at a given step height. Allow for this by dividing 
the interval between step heights (left) and mets (right) into 
thirds and line up the vertical scale according to the time com- 
‘pleted at that height. For example; a 50 year old man who went 
2 minutes at the 12 inch height would be at 10 mets or the high 
average level of fitness for that age. 
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FIGURE 3. Mean energy cost of the Tennessee step test (no... 


= 11). (X + SEM). 


and seconds, were recorded. This information was used. to. 
estimate the subject’s fitness in terms of mets (Fig. 2). A 
met is the ratio of observed metabolic rate to the basal 
value. It is generally expressed as a multiple of the basal: 
rate. A small subject may have an energy exchange of 60 
keal/hr in the basal state. Walking on the level at 3 mph 
he may expend 300 kcal /hour, thus 300/60:= 5 mets. The 
advantage of this expression is that it removes size effect > 
from the estimate of energy cost. of an activity. The inter- 
polation between step heights, which are equivalent to 5, 
7, 9, 11 and 13 mets, respectively, was made by adding 
the fraction of the interval in minutes which the subject 
continued at a given step height. For example, 1 
utes at the 12 inch step level would amount to 10 mets at ~ 
HR 0.85, 

The energy cost of the step test was calculated in. 11 - 
subjects by collection of respiratory. gas. These subjects 
were fitted with a mouthpiece and a nose clip which ‘al- 
lowed respiratory gas to be collected through an Otis- 
McKerrow valve attached by wide caliber tubing and a 
valve system to Douglas bags and a Tissot spirometer. 
The volume of the collected gas was measured in the spi- 
rometer, and the carbon dioxide and oxygen contents were 
measured with gas liquid chromatography.1+ With these 
data the energy costs were calculated with conventional 
factors.15 They are expressed as kilocalories per kilogram 
per minute. 


Results 


In all, 66 men and women were tested. Thirty- 
seven of these men were retested within 2 to 4 weeks; 
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1.5 min. 
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TABLE. 
Description of Subjects and Measurements 





























Maximal 
Age (yr) Weight Height © Step Test | Fitness Step Test II Fitness Treadmill 
Subject & Sex (kg) (em) (min: sec.) Mets Level (min : see) Mets Level (min) 
TT Ah sa T EN Se Nt A Sc a Og a ee a oe ee E EEEE de REE e E T 
A, Single Step Test (no. = 29): 
1 36M 79.5 182.8 15:00 13 High 
2 49M 90.9 182.8 6:22 5 Low 
3 33M 86.4 185.4 -9:39 7 Low 
4 48M 70.4 172.7 9:15 7 Low 
5 24M 104.6 180.3 9:49 7.5 Low 
6 43M 83.6 177.8 13:07 9.5 Average 
7 70M 65.5 170.1 3:25 3 Low 
8 28M 75.0 182.8 12:45 9.5 Low 
9 24M 70.4 180.3 13:18 9.5 Low 
10 40M 96.4 190.5 14:40 10.5 Average 
ll 36M 93.6 193.0 10:21 7.5 Low 
12 36M 76.4: 182.8 11:23 8.5 Low 
3 47M 99.1 185.4 10:13 7.5 Low 
14 31M 93.2 177.8 15:00 12.5 High 
15 28M 72.7 175.2 15:00 11.0 High 
16 36M 773 177.8 12:09 9 Low 
17 41M 75.0 172,7 14:07 10.5 Average 
18 35M 88.6 185.4 9:57 7.5 Low 
19 50M 69.1 172.7 12:32 9.5 Average 
20 19M 76.0: 175.2 8:42 6.5 Low- 
21 30F 54,5 162.5 6:43 5.5 Low 
22 52F 61.3 157.4 5:27 4 Low.. 
23 36F 52.3 162.5 7:31 5.5 Low 
24 50F 56.3: 165.1 6:25 5 Low. 
25 55F 63.6: 160.0 8:17 6.5 Low 
26 47M 75.9% 180.3 5:40 4,5 Low 
27 54M 90.9 177.8 7:26 5.5 Low 
28 40M 81.8: 177.8 8:00 6.5 Low 
29 46M 63.6: 176.2 9:25 7.5 Low 
B, Repeat Step “est (no. = 19) 
30 67M 71.7 180.3 3:50 4.5 Low 6:43 5.5 Low 
31 43M 87.7 177.8 ` T02 8 Low 12:38 g5 Ave. 
32 34M 81.8 177:8 12:00 12 High 15:00 c d2 High 
3 25M 75.0 182.8 12:58 9.5 tow 12:42 9.5 Low 
34 55M 77.3 175.2 7:10 5.5 Low 6:48 5.5 Low 
35 48M 79.5 175.2 9:46 75 Low 9:40 75 ‘Low 
36 55M 85.0 175.2 9:30 7.2 Low 9.39 7.3 Low 
37 45M 95.5 195.5 -10:45 8.5 Low ; 10:32 7.5 Low 
38 50M 82.7 185.4 9:37 7 Low 12:14 9 Ave. 
39 41M 78.6 182.8 12:50 9.5 Low 12:34 9 Low 
40 23M 84.5 175.2 11:58 9 Low 12:06 9 “Low 
41 37M 81.8 182.8", 13:01 9.5 12:40 12:40 Os Low 
 A2 39M 97.7 193.0 12:22 9.3 Low 12:29 9.5 Low 
43 64M $4.1 “172.7 10:18 7.5 Average 10:41 8 Ave. 
44 25M 79.5 182.9 10:34 7.5 Low 10:35 7.5. Low 
A5 28M , 81.8 180.3. =. CILI 8.5 Low 12:57 9.5 Low 
46 30M 59,8 “167.6 10:20: 8 Low 10:26 8B Low 
47 18M 66.2 177.8 12:32 9.5 Low : 12:42 9.5 ‘Low 
48 18M 54.9 o 172.7 12:30 9.5 Low 13:08 9.50. Low 
i C. Repeat Step Test and Maximal Treadmill Test- (no: = 18) 
49 27M 86.4 180.3 11:01 8 Low 12:36 9 Low 14:04 
50 35M 100 170.0 11:36 8 Low 11:34 8 Low 12:00 
51 21M = 63.1 175.2 14:26 8 Low 11:28 8 “Low 14:39 
6 Low 8:30 6 Low 10:22 


52 18M 106.8 182.9 815 


x 
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TABLE lI! (continued) 
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Maximal 
Age (yr) Weight Height Step Test | Fitness Step Test II Fitness Treadmill 
Subject & Sex (kg) (em) (min: sec.) Mets Level (min; sec) Mets Level (nin) 
c. Repeat Step Test and Maximal nal Treadmill Test (no, = 18) 
53 35M 82.7 180.3 12:49 9.5 Low 12:36 9.2 Low 13:47 
54 18M 54.5 167.6 10:12 8 Low 10:35 8 Low 9:38 
55 18M 88.6 180.3 10:25 8 Low 10:40 8.5 Low 11:52 
56 44M 79.5 177.8 10:56 8 Low 11:42 8.5 Low 14:00 
57 18M 55.4 177.8 10:05 7.5 Low 12:22 9 Low le 
58 21M 69.1 165.1 12:55 9.5 Low 13:53 10 Low 14:25 
59 20M 72.2 177.8 9:23 7 Low 9:46 7.5 Low 12:01 
60 21M 76.0 182.9 12:53 9.5 Low 12:37 9.2 Low 17:07 
61 19M 71.6 172.7 13:43 9.5 Low 13:32 9.2 Low 13:56 
62 18M 87.9 180.3 10:00 7.5 Low 9:20 7 Low 115 
63 27M 80.2 177.8 12:08 9 Low 11:05 8 Low D rns 
64 19M 67.1 177.8 12:40 9.3 Low 13:10 10 Low W072 
65 20M 80.2 175.2 10:23 7.5 Low 10:09 7.2 Low 13:15 
66 19M 68.2 175.2 12:26 9 





Ave, = average. 


and in 11 of these respiratory gas was collected for 


< calculation of energy cost of the test. The description 


ot the subjects is arranged in Table III to distinguish 
these 3 groups of measurements. This selected popu- 
lation, many of them drawn from a vigorous YMCA 
group, is not a proper estimation of fitness by age for 
men in the United States. A wide range of work ca- 
pacity was encountered, 
-~ Reproducibility: Repetition of the HR 0.85 
Balke step test in 37 subjects showed a technical 
error* of 0.88 minute, indicating a high degree of re- 
producibility. The test-retest correlation coefficient 
¿< was 0.91. Unlike a maximal test, which is terminated 
‘by a subjective decision, this test is terminated by 
an objective physiologic event, that is, the moment 
the HR 0.85 is reached. The step test performances 
averaged 86 percent of the maximal Balke treadmill 
test, which is close to the predicted level. The step 
«test is not as precise as the Balke test. We have pre- 
viously observed that. submaximal tests are less. pre- 
cise than maximal tests. 16 
Energy cost: The energy cost of the Balke step 
test is shown in Figure 3. The progressive work load 
applied is not linear but stepwise, allowing the 
subject 3 minutes of adaptation before the load is in- 
‘ereased by progressing to'a 4 inch higher step. The 
most. vigorous subject would require 15 minutes to 
complete the test (that is, 5 step levels with 3 min- 
utes for each level). This appears to be a happy com- 
promise between time for the subject to adapt to the 
applied work loads, avoidance of tedium which 
sometimes discourages subjects and the operator’s 
_time expenditure. If the resting expenditure is 1.2 
keal/min for a 70 kg man the step test will increase 
this 10-fold at the highest step level. Only exception- 
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ally fit persons were able to complete this work with > 
heart rates below 0.85 of their predicted maximum, | 
The test is appropriate for a wide range of physiotog- 
ic capacities. i 

Technical problems: The most difficult techni 
cal problems encountered were those of securing the 
electrodes well to obtain a suitable electrocardio- 
graphic recording and insuring that the subject main- 
tained the cadence. Some subjects required addition- 
al training to learn the cadence and the pattern of | 
the stepping, especially changing of the lead leg- 
which requires an inserted quick-step. Old and in- 
firm persons needed to be encouraged and reassured 
since many of them had not undertaken such exer- 
tion for a long time. 

Symptoms: Subjects began to perspire during 
the last 3 to 6 minutes of the test, and many com- 
plained of leg fatigue which was relieved somewhat | 
by changing the lead foot and shifting the lifting 


TABLE IV 
Relative Risks of Exercise Testing 








Rate/ 
100,000 Source 
170,000 tests Rochmis, Blackburn! 
Deaths 10 
Hospitalizations 24 
Complications, lst week 40 
Total misadventures 74 
17,000 tests Brock" 
Deaths 7 
21,000 coronary angiograms Sheldon”? 
Deaths 91 
Ventricular fibrillation 500 
ischemic hand 1,000 
Lost radial pulse 2, 000 
Total misadventures 3,600 
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musele groups. A few subjects complained of sore- 
ness of the calves on the following day. The subjects 
were told to inform the attendant if they experienced 
chest pain, dizziness, faintness or nausea during the 
test. They were observed constantly during the test 
and for 10 minutes during recovery. A physician was 
in constant attendance. No important symptomatic 
reactions were encourtered in this experience, al- 
though there was one instance in which a change in 
the S-T segment caused a test to be terminated be- 
fore HR 0.85 had beem reached in an ostensibly well 
40 year old man. 
Discussion 

The hazards of exercise testing have surely been 
overemphasized. Rochmis and Blackburn!’ can- 
vassed the world testers and found that the risks in- 
volved in well supervised tests were very low in com- 
parison with those in other diagnostic cardiovascular 
procedures (Table IV). Surely the risk is low in rela- 
tion to the information gained. The risk of exercise 
testing in favorable circumstances must be evaluated 
in relation to the risk of a patient who undertakes 


greater exertion alone or in some responsible role, as 
a driver or pilot, for example. The consensus of exer- 
cise testers is that a specific written agreement to 
such testing should be obtained from the subject. We 
believe the testing should always be carried out with 
trained personne] available and with a defibrillator 
and resuscitation gear at hand. 

Such a test should be a routine part of a health 
examination of adults, following the patterns devised 
by the exercise committee of the Tennessee Heart 
Association. Exercise testing increases by a factor of 
3 or more the yield of information from the resting 
electrocardiogram.?° It also supplies the physician 
with a sound basis for advising a patient on what he 
should and can safely undertake in an exercise pro- 
gram. 

The next logical step in this procedural develop- 
ment will be the development of a self-testing device 
so that subjects, after suitable screening, can mea- 
sure their own physical fitness. Such equipment 
would furnish a strong impetus for attaining and 
maintaining physical fitness in the general popula- 
tion. 
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A group of 40 patients who have “ischemic”? electrocardiographic 
(that is, 1 mm flat S-T segment depression) responses to exercise 
but who do not fulfill the usual criteria for ischemic heart disease are. 
discussed. These patients have been followed up for a minimum of 3. 
years and clinical findings of ischemic heart disease have not devel- 
oped. It is suggested that they have vasoregulatory abnormalities. 
Vasoregulatory abnormalities include an unusual increase in heart. 
rate on standing, ST-T segment changes on standing, “ischemic” 
electrocardiographic changes unaccompanied by chest discomfort 
occurring early in exercise and disappearance of “ischemic” 
changes as exercise proceeds. Propranolol. administration tends to 
abolish the changes, and the Valsalva maneuver temporarily re- 
stores the electrocardiographic changes toward normal. at 
Recognition of this syndrome, its possible causes, and the impor- 
tance of proper counseling and recommendations in management — 
are discussed briefly. mo 


Exercise electrocardiographic study is a valuable diagnostic tool 
widely utilized in clinical practice. The principles, safety factors and 
interpretation of exercise electrocardiographic evaluations have been 
the subject of much discussion and some controversy. These matters 
have Deen recently comprehensively reviewed.) In clinical practice, 
the principal use of exercise electrocardiography is to detect myocar- 
dial ischemia. 

A properly administered electrocardiographic exercise test, which 
demonstrates myocardial ischemia, carries with it the implication 
that the patient has a high probability for symptoms. of ischemic 
heart disease, namely, angina pectoris, myocardial infarction and 
sudden death. It indicates that coronary atherosclerosis is apt to be 
present and that a shortened life expectancy can be anticipated. It is 
important to be aware of abnormalities in the exercise electrocardio- 
graphic tracing which do not have the same implications of a typi- 
cal ischemic response. _ 

Our purpose here is to illustrate and to reemphasize that “false- 
positive” electrocardiographie ischemic responses occur in certain 
subjects who can be identified by careful study of combined clinical — 
and electrocardiographic findings. Undoubtedly, such subjects are 
similar to those described in earlier investigations. 

It is our impression that these persons are not generally recognized 
and that the implications of our observations outlined herein are not 
widely appreciated. Many subjects having the alterations described 
are misdiagnosed as having ischemic heart disease and are given an 
unduly pessimistic prognosis or have their life activities restricted, or 
both. Our purpose is to review our experience with 40 patients. and 
to suggest ways in which similar patients can be identified. A pre- 
liminary report has been made.? 
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TABLE | 
Clinical Data in 40 Patients 








Patients 
(no.) 

Age 

19-53 yr (mean, 33.8 yr) 40 
Sex 

Female 18 

Male 22 
Body build 

Slender 13 

Normal 15 

Heavy 12 
Smoking habits 

Cigarette smokers 

Less than 10/day ` 6 
Less than 20/day 2 

More than 20/day 6 

Pipe smokers 2 

Nonsmokers 24 
Reason for referral 

Abnormal “routine” ECG 14 

Abnormal indicated ECG 22* 

Neurocirculatory asthenia 4 


Chest pain 21 





* Exercise test was positive in 13 before referral. 


Methods 


Of the 40 patients, studied, 27 were referred for cardiac 
evaluation because of symptoms or abnormal electrocardio- 
graphic findings. In the remaining 13, electrocardio- 
graphic changes were found while they were undergoing a 
“routine” physical examination or serving as “normal con- 
trols” for the development of standards to evaluate exer- 
cise testing. All patients were studied by multiple lead 
electrocardiography? between the years 1962 and 1967. 
Minimal follow-up was 3 years. No subject had hyperten- 
sion, valvular disease or cardiomegaly. All 40 patients had 
“ischemic” responses to exercise. The criterion for isch- 
emia was 1 mm depression of the S-T segment, which was 
flat or downsloping, and which persisted for 0.08 second or 
longer. l 

Patients were evaluated clinically by history, cardiac 
examination and chest roentgenogram in addition to elec- 
trocardiographic study. Selective coronary arteriography 
was performed in 14. These were patients seen early dur- 
ing our experience or patients whose clinical management 
could be facilitated if their coronary arteries were found to 
be normal on coronary arteriography. 

Pharmacologic and physiologic interventions were per- 
formed in some subjects. A Valsalva maneuver was per- 
formed in nearly all. Atropine was given intravenously to 
several subjects while supine. A tight “body stocking” to 
prevent venous pooling on standing was worn by several 
during an exercise examination. Propranolol (5 to 10 mg 
intravenously) was given to 14 subjects. For comparative 
purposes, 14 patients with undoubted ischemic heart dis- 
ease and angina pectoris were also given 5 mg of propra- 
nolol intravenously before and after they performed exer- 
cise. In 7 patients who exhibited vasoregulatory abnormal- 
ity, hemodynamic studies were performed. Injection and 
sampling tubings were placed percutaneously into a pe- 
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TABLE If 
Electrocardiographic Abnormalities in 40 Patients 








Patients 
no.) 
Heart rate (average) 
Resting supine, 82 beats/min 
Standing increase, 21 beats/min 
Changes on standing tracing 
“ischemia” 15 
Intermittent ischemia 2 
No ischemia 23 
Changes on postexercise tracing 
“ischemia” 
More than 1.0 mm 23 
Less than 1.0mm 6 
Negative 1l 
Coronary arteriography* 
Normal 12 
“Trivial” irregularities 2 





* Performed in 14 patients only. 





BASE LINE S MIN i i 

ERGOMETER (125 watts) 
FIGURE 1. Case 5. Recordings from multiple leads before. ex- 
ercise (supine) and 5 minutes after exercise (also supine). ob- 
tained in 1964. The S-T segment depression is considered of 
the “ischemic” type. This patient has never experienced any 
chest discomfort to suggest ischemic cardiac pain. Follow-up 
clinical and electrocardiographic studies, including repeatedly 
positive exercise tests, are available for 7 years. Coronary arterio- 
gram is normal. 
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FIGURE 2. Case 5. Recordings from the same subject illus- 
Coo trating the. sequence of changes recorded in all subjects. 
“- Tachycardia (slightly more than 100 beats/min), evident in the 
ee) eft panel of the ‘tracing, and ST-T changes occur on assum- 

ing ‘the erect posture. Prominent ST-T changes of “ischemia” 
occur early during the exercise effort, 25 seconds after the 
‘onset of exercise in this case. Note the heart rate of 150 beats / 
min in: ‘this early phase of exercise. The right portion of the 
panel illustrates replacement of “ischemic” changes with junc- 
onal type S-T segment shift as the exercise proceeds (after 6 
nutes). During this test, the patient experienced no pain. He 
performed multiple exercise tests with the same result. 











ripheral vein and artery. Pressures and cardiac outputs 
tilizing indocyanine green) were measured with the pa- 
supine and standing, before and after the intrave- 
us administration of 5 mg of propranolol, 

Follow-up was conducted by mail, telephone conversa- 
tions with the patients and evaluations by the referring 
physician, In many instances, we saw the patients repeat- 











T Siad MANY 


ELINE STANDING IN EXERCISE! © AN EXERCISE 
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FIGURE 3. Case 1. The entire sequence of electrocardio- 
graphic findings is shown. The patient exhibited no pain at any 
‘time during exercise. 
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SUPINE RESTING QUIETLY SUPINE 5 MINUTES LATER 


FIGURE 4. Case 5. ST-T changes may occur while the 
subject is in the supine position as illustrated. The heart rate is . 
slightly faster on the right side of the figure. The patient was 
lying quietly during the period between tracings, and there was 
no alteration in laboratory activities to explain the change. The 
patient experienced no symptoms between the tracings. 


edly in consultation. Except for 2 patients lost to follow- 
up, information is available through 1970 on all subjects. 


Results 


Some of the pertinent identifying information and _ 
clinical data on the group are summarized in Table 
I. The patients were younger than the usual subjects 
with ischemic heart disease, and 22 were male. Only 
13 patients were judged. to be slender by clinical as- 
sessment including height and weight evaluation. 
Twenty-four were nonsmokers. Only 6 used more. 
than 20 cigarettes a day. 


There were more than 40 (the number of patients | a 


studied) reasons for referral. listed since some pa- 
tients had more than 1 reason for referral. Thirteen 
subjects were not referred because of symptoms but 
served as “normal controls” for exercise testing. 
None of the 21 patients with chest pain had typical 
angina pectoris, as we have defined it.* Most of the 
patients with chest pain, however, were referred with 
the impression that discomfort might be of ischemic 
cardiac origin. The 14 subjects listed as having. 


neurocirculatory asthenia had many of the features 


considered typical of that syndrome. 5-8 
In Table II much of the electrocardiographic infor- 
mation on the group is summarized. Figures 1 


through 3 illustrate the changes that were present on - 
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STANDING END OF VALSALVA MANEUVER 


BP=122/90 BP=188/120 
FIGURE 5. Case 5. The effect of the Valsalva maneuver on 


the changes is illustrated. The pressures were recorded from an 
intraarterial needle. 


standing, during exercise and postexercise electro- 
cardiographic study in these patients. Figures 4 
through 6 illustrate other aspects of the electrocardio- 
graphic findings in this group of patients. 

The pharmacologic and physiologic interventions 
altered the electrocardiographic changes. The Val- 
salva maneuver lessened or abolished the S-T seg- 
ment and T wave (ST-T) shift at the time the blood 
pressure overshoot occurred and the heart rate 


iene SHIRA 
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3 MIN AFTER IV VALSALVA MANEUVER 


PROPRANOLOL(5mg) AFTER PROPANOLOL 
FIGURE 6. Case 5. The effect of propranolol (5 mg intrave- 


nously) is illustrated. Note the slowing in heart rate and the re- 
turn of the ST-T changes to normal. The patient remained 
standing during the study. After administration of propranolol, 
the changes illustrated in Figures 1 and 2 did not recur on exer- 
cise. 


TABLE Ill 


Hemodynamic Studies in 7 Subjects (mean values) 
Pre SPOR TE a et ee Bl tr Oo, Dae Me AS A 








Supine Standing 
C A c A 
Heart rate (beats/min) 83 60 108 66 
Cardiac index (liters/min perm?) 4.1 2.8 2.8 2l 
Stroke volume (cc) 90 75 48 53 
Arterial pressure (mm Hg)* 98 93 103 94 





* Monthly mean. 
A = after intravenous administration of 5 mg of propranolol; 
C = control measurement. 


slowed (Fig. 5). The intravenous administration of 
atropine accentuated the S-T segment shifts. When 
a tight “body stocking” was worn during exercise ex- 
amination, the ST-T wave changes with standing 
and exercise were much less. In most subjects, the 
ST-T abnormalities were abolished or ameliorated 
by the intravenous administration of propranolol; 
but in 4 subjects, the abnormal ST-T responses sec- 
ondary to standing and exercise persisted. In the 
comparative group of 14 patients with undoubted 
angina pectoris given propranolol, exercise tolerance 
increased after they received the drug. However, in 
all but 2 of these patients the angina and S-T seg- 
ment shifts persisted. The increase in heart rate on 
standing averaged 14 beats/min in the group with 
angina compared to an average increase of 20 beats / 
min in the study group. 

The hemodynamic studies in the supine and 
standing positions in seven of the study subjects 
showed the resting cardiac index to be high, 4.1 li- 
ters/min per m? (upper limit of normal, 3.6 liters / 
min per m2). The changes in heart rate and cardiac 
output on standing were more marked than antici- 
pated in normal subjects. These data are summa- 
rized in Table III. 

The minimal follow-up period is 3 years. Some pa- 
tients continue to have vague chest discomfort, fa- 
tigue and complaints similar to those recorded at the 
time of evaluation. In many, the condition has im- 
proved or the complaints have disappeared com- 
pletely. No patient has died, and none has had a 
myocardial infarct or typical angina pectoris. 


Illustrative Case Reports 


Case 1: In this 36 year old white male physician dull 
retrosternal discomfort had developed at age 28. It was 
not exercise-related, and nitroglycerin had no definite ef- 
fect. An electrocardiogram taken at that time showed S-T 
segment sagging and biphasic T waves in leads II, III, aVF 
and V; to Vs. Cholelithiasis was demonstrated by roent- 
genogram; and although several cardiologists believed that 
he had angina pectoris, he underwent cholecystectomy 
uneventfully with complete relief of symptoms. When he 
was studied in 1965, physical examination was within nor- 
mal limits; he had an inconstant abnormal resting elec- 
trocardiogram and no changes upon standing. He was able 
to exercise on the treadmill for 13 minutes without experi- 
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encing chest pain or undue dyspnea. Early in exercise, 
marked “ischemic” S-T segment depression developed 
which became junctional as exercise progressed. After ex- 
ercise, nondiagnostic ST-T wave changes reappeared. 
After the administration of propranolol, the ischemic S-T 
segment changes became less marked and, in most leads, 
became junctional. He has been free of cardiovascular 
symptoms during the subsequent 6 years since evaluation. 


Case 2: This 39 year old white male physician had la- 
bile mild hypertension for 1 year. While attending a medi- 
cal convention, he had an episode of “faintness” and a 
sense of “impending doom.” An electrocardiogram taken 
at that time showed T wave inversion in leads II, IIL aVF 
and Vg. He was hospitalized in a coronary care unit where 
his electrocardiograms showed fluctuating T wave 
changes, but no serum enzyme or clinical findings for 
acute myocardial infarction evolved. He was treated with 
anticoagulant agents. He strictly limited his activity and 
was troubled by recurrent fleeting chest pain which did 
not have the characteristics of angina pectoris. When 
evaluated several months later (July 1966), his physical 
examination and resting electrocardiogram were normal. 
Upon standing, inverted T waves developed in leads II 
and III and biphasic T waves in lead Vg. Early in exercise, 
flat S-T segment depression developed with T wave inver- 
sion in leads II and III which became junctional by the 
end of exercise. Postexercise S-T segment depression was 
seen in lead III. Propranolol administration abolished the 
changes that occurred on standing and during exercise. He 
has remained free of cardiovascular symptoms and has 
been participating in a regular exercise program. 


Case 3: This 20 year old single white woman had a 
substernal “pushing” sensation and mild dyspnea on run- 
ning or climbing hills and easy fatigability for 2 years. Ex- 
ercise electrocardiogram revealed 1 mm ischemic depres- 
sion. When she was referred in December 1964, her physi- 
cal examination and laboratory data, including resting 
electrocardiogram, were normal. Upon standing, her heart 
rate increased by 45 beats/min, and wide-spread S-T seg- 
ment depression and T wave inversion developed. Early in 
exercise, these changes became more marked and were 
associated with tachycardia (to 180 beats/min); as exer- 
cise progressed, the S-T segment depression became junc- 
tional. A substernal “pushing” sensation developed early 
in exercise, but this did not worsen as exercise progressed. 
A Valsalva maneuver transiently abolished the electrocar- 
diographic changes that occurred on standing, and the 
wearing of an elastic body stocking lessened the changes. 
The intravenous administration of propranolol abolished 
the changes. Coronary arteriography performed in Decem- 
ber 1964 was normal. The patient has been seen at inter- 
vals subsequently. She has continued to note breathless- 
ness and tachycardia with fairly strenuous exercise but 
can slow her heart rate by performing a Valsalva maneu- 
ver. Findings on exercise electrocardiographic studies in 
1970 were unchanged from those obtained in 1964; 
changes were identical to those shown in Figures 1 
through 3. 


Case 4. This 42 year old physician was evaluated in 
1965. He had symptoms of esophagitis for 8 to 9 years 
which were relieved by the ingestion of antacids. Nine 
months before admission, he had retrosternal pain which 
radiated to his left arm and which sometimes lasted sev- 
eral hours. It occurred with exercise but more often after 
exercise or at rest. Nitroglycerin gave no relief. After a 


prolonged episode of pain, he rested in bed for 1 month 
and subsequently limited his activity. Because of a “posi- 
tive” exercise test and failure of the usual drug therapy, 
he was referred for study. Physical examination was nor- 
mal; laboratory studies were normal except for a small 
sliding hiatus hernia and a positive acid perfusion test. He 
had a normal resting electrocardiogram. Upon standing, 
his heart rate increased 18 beats/min, and the T wave be- 
came biphasic in lead III with minimal S-T segment flat- 
tening. Early in exercise, flat S-T segment depression de- 
veloped in leads II, IM and Vg which gradually became 
junctional as exercise continued. At no time did he have 
chest pain or undue dyspnea. Postexercise, 1 mm “‘isch- 
emic” S-T segment depression developed in leads II, II 
and Vs. Coronary arteriography was normal. He has had 
no symptoms suggestive of cardiac disease during the sub- 
sequent 6 years. 


Case 5: This 34 year old man was studied in Septem- 
ber 1964 because of an abnormal electrocardiogram (Fig. 
1, 2, and 4 to 6). He had always been in excellent health 
and had played intercollegiate basketball. He had had la- 
bile hypertension which required no therapy for several 
years. Nine months before admission, his blood pressure 
was 150/100 mm Hg, and the electrocardiogram showed 
ST-T changes in leads II, MI and Vz to Vg. When isch- 
emic S-T segment depression was observed during an exer- 
cise test, he was referred for evaluation. He had no cardio- 
vascular symptoms and exercised regularly. His physical 
examination was entirely normal except for episodic mild- 
ly increased blood pressure. Laboratory studies were nor- 
mal. His resting electrocardiogram was at times normal 
and at other times showed tachycardia with S-T segment 
depression. During standing, his heart rate increased 30 
beats/min and 1 mm of flat S-T segment depression de- 
veloped. Within 30 seconds of starting exercise, the S-T 
segment depression changed to junctional and gradually 
decreased in severity. After exercise, flat S-T segment de- 
pression, as great as 3 mm, again occurred. The patient 
had perfectly normal exercise tolerance and at no time ex- 
perienced any chest discomfort or undue dyspnea. Cardiac 
catheterization with coronary arteriography revealed nor- 
mal coronary arteries. A Valsalva maneuver corrected the 
electrocardiographic changes that occurred on standing 
(Fig. 5) and propranolol abolished them (Fig. 6). Subse- 
quent to this evaluation, the patient has remained 
asymptomatic and has continued to engage in sports with- 
out difficulty. Most recent physical examination and rest- 
ing electrocardiograms in 1971 were normal. 


Discussion 


The 40 subjects included in this group have in 
common electrocardiographic alterations on standing 
and exercise. By many criteria, none has evidence of 
ischemic heart disease. The electrocardiographic 
changes consist of T wave inversion or S-T segment 
depression, or both, in leads II, III, V4, V5 and Ve on 
standing, 1 mm S-T segment depression in these 
leads during the early phases of exercise and disap- 
pearance of this “ischemic” S-T segment shift as ex- 
ercise continues. In some, the “ischemic” S-T seg- 
ment shift reappeared after exercise when supine. 
Chest discomfort does not occur during the S-T seg- 
ment shift. The heart rate accelerates unduly on 
standing. The ST-T changes that occurred on stand- 
ing diminished markedly or disappeared completely 
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with the Valsalva maneuver. In the 14 subjects given 
propranolol (5 mg intravenously) the changes were 
completely abolished or markedly reduced. 

Selecting a proper term to describe these patients 
is difficult. We favor the expression “‘vasoregulatory 
abnormality” because this term suggests that these 
subjects have abnormal autonomic responses to ordi- 
nary cardiovascular stress. Many patients with this 
syndrome have neurocirculatory asthenia, but most 
of our patients were neither neurotic nor asthenic. 
The typical features of the neurocirculatory asthenia 
syndrome, chest pain, sighing respiration, easy 
fatigability, poor exercise tolerance and (frequently) 
positive family history, have been carefully, specifi- 
cally and repeatedly described since DaCosta’s de- 
scription.1° Undoubtedly, some patients with 
neurocirculatory asthenia have vasoregulatory ab- 
normalities, but the features in most of our patients 
were not typical of neurocirculatory asthenia. 

Our patients present problems in interpretation of 
exercise electrocardiographic studies. Should the 
changes described be considered spurious and, 
hence, “false positive” ischemic responses? Or do 
they represent a type of myocardial ischemia unre- 
lated to coronary atherosclerosis and not accompa- 
nied by any of the other known or accepted causes of 
myocardial ischemia, such as hypertension, aortic 
valve disease and cardiomyopathy? Follow-up stud- 
ies suggest that the usual prognostic features related 
to positive exercise tests do not apply to this group 
of patients. 


Electrocardiographic changes relative to pos- 
ture: Description of similar electrocardiographic 
changes have been made repeatedly for many years. 
Changes secondary to standing and hyperventilation 
are not infrequent in electrocardiographic studies. 11-18 
It has generally been concluded that T wave and 
S-T segment alterations related to posture must be 
secondary to autonomic influences. The studies of 
Nordenfeld?® are especially relevant. The similarity 
between his patients who were described in detail in 
1941 and our current group of patients is striking. In 
14 subjects without apparent heart disease, Norden- 
feld found “orthostatic circulatory disturbances” in- 
cluding tachycardia and electrocardiographic 
changes on standing. These electrocardiographic and 
heart rate responses were studied after pharmacolog- 
ic interventions with ergotamine (for its adrenergic 
blocking effect) and amyl nitrate (for its hypotensive 
effect). It was concluded that increased sympathetic 
tone and not postural hypotension was responsible 
for the electrocardiographic alterations. Such data 
and observations suggest that alteration in the repo- 
larization phenomena, and not myocardial ischemia, 
could be responsible for the electrocardiographic 
changes recorded in these patients. Swedish investi- 
gators have studied extensively subjects with these 
electrocardiographic changes.2°:?1 Their conclusions 
have stressed that these individuals tend to be neu- 
rotic and poorly conditioned. Treatment of their 
neuroses, utilizing physical therapy, has sometimes 


improved exercise tolerance and resulted in disap- 
pearance of the disordered cardiovascular function 
and abnormal electrocardiograms on standing and 
exercise. Our subjects emphasize that evidences of 
neurosis and poor exercise tolerance need not be ac- 
companiments of the electrocardiographic changes 
described. 

Electrocardiographic changes due to excessive 
vagal and sympathetic activity: Every individual 
included in our group demonstrated overactivity or 
undue responsiveness of the sympathetic nervous 
system. Some of the reports cited include subjects 
who present electrocardiographic changes attribut- 
able to ‘“‘excessive” vagel tone with ST-T wave ab- 
normalities at rest, often associated with sinus bra- 
dycardia. These changes disappear with exercise. 
Such subjects should also be considered to have 
vasoregulatory abnormalities secondary to “excessive 
vagal tone,” in contrast to our group who have “‘ex- 
cessive sympathetic activity.” Of interest is the pub- 
lished electrocardiogram of basketball superstar Wilt 
Chamberlain which shows generalized ST~T changes 
in leads II, III and the precordial leads with a slow 
heart rate (slightly less than 50 beats/min) at rest. 
These “abnormalities” disappear with exercise ac- 
cording to the report, suggesting that Chamberlain 
has autonomic nervous system-induced ST-T 
changes. 22 

A recent report by Gallivan et al.? is pertinent in 
considering the role of vagal tone in electrocardio- 
graphic changes. In 106 patients studied before and 
after truncal vagotomy for peptic ulcer disease, 
ST-T wave changes developed in 9 percent after op- 
eration. These investigators concluded that the 
changes represented conventional myocardial isch- 
emia, despite the lack of clinical accompaniments 
and serum enzyme abnormalities. It seems more 
probable (and they considered this possibility) that 
the changes on the electrocardiogram were related in 
some way to physical manipulation of the vagus 
nerve. It is possible that the ST~T wave alterations 
in patients who suffer from central nervous system 
lesions and have no evidence of cardiac disease?4-25 
may be related to and mediatec by the same mecha- 
nisms as in-our patients. 

Role of subendocardial ischemia without coro- 
nary disease: It is impossible to dismiss categori- 
cally the possibility that the ST-T changes are the 
result of true myocardial ischemia unrelated to coro- 
nary atherosclerosis. Although the majority of pa- 
tients with myocardial ischemia and S-T segment 
depression during exercise have ischemic discomfort, 
ischemic S-T segment shifts induced by exercise 
may occur without accompanying chest pain. In our 
patients, it is possible that other estimates of myo- 
cardial ischemia such as metabolic studies for lactate 
production might disclose an abnormality. However, 
some of the hemodynamic aspects allow speculation 
that these subjects do have subendocardial ischemia. 
The unusual increase in heart rate on standing and 
the forceful left ventricular contraction (particularly 
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evident in studying the directly recorded arterial 
pulses) are indications that there is marked increase 
in sympathetic nervous activity which would en- 
hance myocardial oxygen needs. The relatively small 
stroke volume while standing at rest suggests small 
left ventricular volume in these subjects. Many of 
the subjects had relatively small cardiac silhouettes. 
Hypothetically, with an increased myocardial oxygen 
demand and a small left ventricular volume, suben- 
docardial intramyocardial pressure could increase 
and cause subendocardial] ischemia. 

As exercise proceeds, the cardiac output increases 
and left ventricular volume might increase with im- 
proved venous return from the periphery. The usual 
metabolic alterations of exercise, which are more 
physiologic insofar as pressure-flow relationships in 
the heart and coronary circulation are concerned, 
could “override” the exaggerated adrenergic drive 
initially present. With an increase in heart volume 
and diminution in adrenergic drive, the S-T segment 
. shifts of “ischemia” disappear. Disappearance of the 
_ changes with the Valsalva maneuver could be related 
to the increase in systemic arterial blood pressure, 
decrease in heart rate and increase in left ventricular 
volume. This maneuver would relieve the hypotheti- 
cal subendocardial ischemia. 

Our subjects were not typical of the “walk through 
angina” syndrome. The changes came on standing or 
in the very first phase of exercise rather than after 

the onset of exercise. In patients with “walk through 
angina” discomfort and the S-T segment shifts de- 
velop early in exercise but not immediately on, 
standing. 

Differentiation from ischemic heart disease: 
Our data are inadequate to allow a decision con- 
‘cerning the mechanism or mechanisms responsible 
for the electrocardiographic changes. Our purpose 
_ here is to emphasize that electrocardiographic ab- 
normalities occur during exercise testing which do 
not carry the usual connotations of myocardial isch- 
‘emia. These findings are not rare. Several dozens of 
patients seen in the exercise electrocardiographic 
laboratory with similar changes were not included in 
this report because their S-T segment depression did 
not fulfill a rigid criterion of 1 mm depression. 

Of utmost importance is the combination of clini- 
_ eal and electrocardiographic findings in these pa- 
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tients which allow the diagnosis of vasoregulatory 
abnormality to be made. No single criterion or index 
can be used to state categorically that ischemic heart 
disease is absent. The lack of risk factors, the rela- 
tive youth of the subjects, the lack of typical isch- 
emic symptoms, the prominent electrocardiographic 
changes on standing and the “ischemic” shifts very 
early in exercise and their disappearance as exercise 
continues are the principal guides for differentiating 
this syndrome from “true ischemia.” Special empha- 
sis should be placed on the changes that occur on 
standing and in early exercise. In addition, we have.. 
not found significant ST-T shifts in leads I or aVL 
on standing or exercise. The responses to a Valsalva 
maneuver and propranolol are also helpful but are 
probably not specific to establishing the presence of 
vasoregulatory abnormalities. 

Many investigators have described angina pectoris 
in patients with arteriographically normal coronary 
arteries. If a rigid and specific definition of angina 
pectoris has not been adhered to, it is probable that 
some of such patients may have vasoregulatory: prob- 
lems. The work of Eliot and Bratt,26 who described 
patients with abnormal oxyhemoglobin dissociation 
and abnormal electrocardiographic changes in the ` 
presence of arteriographically normal coronary arte- 
ries, may also be pertinent. The subjects they de- 
scribed do not precisely fit the descriptions of our 
patients, but there are similarities. Details of the ex- 
ercise electrocardiographic studies in their patients 
are not included in their report, and it is possible 
that their patients may have manifested changes 
similar to those observed in our patients. None of 
our subjects were anemic. The elaborate oxyhemo- 
globin dissociation studies performed by Eliot and 
Bratt were not performed on any subjects in this re- 
port. 

Treatment: Regardless of the mechanism, it is 
important to appreciate the vasoregulatory phenom- 
ena. There is no reason to believe that these subjects 


have an increased risk for cardiovascular catastro- 


phes, and management should include an explanation 
that the electrocardiographic changes are considered 
of trivial importance. Reassurance appears to be 
indicated, and a physical training program should be 
recommended to benefit the patient. psychologically, — 
as well as physically. 
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In addition to other well known applications, treadmill exercise test: - 
ing can be utilized for provoking transient changes in cardiac rhythm 
and conduction. When started at low stress levels and limited to 
easily tolerated levels, the procedure is safe and productive. In am- 
bulatory patients with regular sinus rhythm. and heart disease, ar- 
rhythmias often develop during or after exercise. When abnormalities. 
of rhythm or conduction are present before exercise, the response is _ 
unpredictable. Exercise testing for arrhythmias can add significant — 
diagnostic information. Serial treadmill testing is feasible and pro- 
vides additional information on the natural history of arrhythmias. 


Treadmill testing may be adapted as a diagnostic aid in identifying — 
the arrhythmia-prone patient and in demonstrating the stability, or 
lack of stability, of arrhythmias and conduction disturbances. Re- 


viewed here is a 5 year experience in evaluating electrocardiographi¢ 


changes of rhythm or conduction utilizing graded treadmill exercise. 
More than 3,000 subjects, most with proved heart disease, had exer- 
cise tests to record changes of rhythm and conduction. 


Method 


With knowledge that exercise: testing may rarely produce disasters or near 
disasters, treadmill walking tests were conducted with an added measure of 
caution, particularly in subjects with known cardiac disorders: Exercise 
tests were preceded by the acquisition of detailed clinical information, with 
emphasis on the cardiovascular history and physical examination. The find- 
ing of frequent or increasingly severe angina pectoris, recent myocardial in- 
farction, Stokes-Adams episodes or more thana mild degree of congestive 
heart failure was considered a contraindication to treadmill testing. A rest- 
ing 12-lead electrocardiogram was obtained to-screen: patients for myocar- 
dial ischemia. Abnormal electrocardiograms per se did not contraindicate 


testing, but if S-T segment or T wave abnormalities did exist, serial elec- 


trocardiograms were obtained to establish stability before the patient was per- 


‘mitted to proceed with the exercise. This precaution also applied to patients 


with arrhythmias at rest. If the safety of the procedure was questionable for in- 
dividual subjects, testing was withheld..Cardioactive drugs, a defibrillator 
and trained personnel were available during the procedure. 

Exercise testing was limited to easily tolerated levels, and no attempt 
was made to attain preselected heart rates, duration of exercise or rate of 
walking. The exercise test was carefully explained and treadmill walking 
demonstrated to each subject. The electrocardiogram was recorded contin- 
uously during exercise with careful physician surveillance for arrhythmias. — 
The first 950 tests were conducted with intervals of rest every 3 minutes, 
and the remainder were completed with uninterrupted walking. Many pa- 
tients with chronic disabilities walked only at 1 mile/hour for 30 to 60-seconds, 


whereas others attained a speed of 4 or 5 miles /hour without difficulty.-A = 
disadvantage of some currently available treadmills is that they cannot ope ©- 


erate at speeds lower than 1 mile/hour and thereby prohibit the testing of more 
disabled. subjects. Tests were discontinued with the appearance of ischemic 


November 20,1972 The American Journal of CARDIOLOGY Volume 30 741 








EXERCISE AND CHANGES IN CARDIAC RHYTHM—GOOCH 



































































































































END OF TEST 


FIGURE 1. Continuous electrocardiogram during walking at 1 
mile/hour of a 62 year old woman with chronic hypertensive 
heart disease. Exercise induces many premature ventricular 
beats with paroxysms of bigeminy. They occur without symp- 
toms and disappear immediately after stopping the test. This re- 
sponse to exercise was reproduced during 3 exercise tests per- 
formed over a 26 month period. 


changes on the electrocardiogram (1 mm S-T segment de- 
pression with a horizontal or downward slope), angina 
pectoris, dyspnea, or at the patient’s request. Exercise 
was usually continued to the patient’s “comfortable toler- 
ance.” This was not a definable end-point because of the 
wide range of physical fitness, cardiac performance or abil- 
ity to appreciate and report symptoms. Although ar- 
rhythmia§ or conduction disturbances often developed 
during or after exercise tests, none of the changes induced 
required the use of electrical or drug intervention. To 
study the response of changes in rhythm and to evaluate 
antiarrhythmic drugs, many exercise tests were repeated, 
up to 6 to 8 times, over a period of months or years. 


Results 


Premature beats: These occur frequently during 
testing, yet their appearance does not necessarily in- 
dicate underlying heart disease.1:? When premature 
beats are present at rest, treadmill walking will often 
abolish or decrease their frequency. The rate re- 
quired to abolish premature beats is highly variable. 
They may occur transiently at any exercise level or 
with deceleration of heart rate immediately after ex- 
ercise. The appearance of ventricular bigeminy dur- 
ing walking suggests organic heart disease? (Fig. 1). 
Premature beats increase with age,*° and adults 
with acquired heart disease are more prone to the 
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FIGURE 2. Samples of electrocardiograms during exercise 
tests of a man with a prosthetic aortic valve and taking digitalis. 
At rest (A) there was a regular sinus rhythm with an occasional 
late single premature beat. During walking at 1 mile /hour, par- 
oxysms of bigeminy appeared (B) followed by a sustained rapid 
junctional tachycardia (C, arrow).,Carotid massage (D) termi- 
nated this arrhythmia and ventricular bigeminy followed. 
Premature junctional beats (*) preceded the induced arrhyth- 
mias. 


development of premature beats than children with 
congenital heart defects. More sustained arrhyth- 
mias with repetitive ectopic firing are almost always 
preceeded by singly occurring premature beats (Fig. 
2). Ventricular premature beats during the resting 
state may increase in frequency with paroxysms of 
multifocal ventricular beats and bigeminy after exer- 
cise; this is seen most often in patients with organic 
heart disease (Fig. 3). Fixed-coupled ventricular pre- 
mature beats may transiently change to a sequence 
of parasystole during or after exercise. Occasionally 
parasystole may appear de novo during or after exer- 
cise. Early coupling (vulnerable phase) of exercise- 
induced premature beats was rarely observed, possi- 
bly because of a pretest rejection of patients suspect- 
ed of having acute ischemia. 

Atrial arrhythmias: Changes in the morphology 
of the P wave, wandering or ectopic atrial pacemakers 
and sinus arrhythmia are common after exercise and 
occur in health as well as disease. Paroxysms of at- 
rial tachycardia and junctional tachyarrhythmias are 
common during exercise. These paroxysms usually 
consist of 3 to 5 beats in duration and are often asso- 
ciated with isolated supraventricular premature 
beats in the resting tracing. Paroxysms of atrial 
tachycardia also tend to be brief, but episodes last- 
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B 1.5 MPH 





C 24 SEC AFTER EXERCISE 


FIGURE 3. (A) At rest a 23 year old woman with a prolapsed 
mitral valve leaflet demonstrated single and paired ectopic 
beats and junctional escape beats. During exercise (B) only 
occasional ectopic beats are seen. Immediately after exercise 
(C, D) junctional and ventricular premature beats are seen with 
increased frequency and rate of discharge. 


ing from 15 to 60 seconds have been encountered in 5 
patients. In 3 they reverted to a regular sinus rhythm 
spontaneously and in 2 by carotid sinus pressure. 
Atrial fibrillation: When atrial fibrillation is 
present at rest, exercise not only causes an increase 
in the ventricular response but also changes the 
electrophysiologic properties of the atrioventricular 
(A-V) conduction system.’ The degree of increase in 
rate is variable and cannot be predicted from the 
resting rate. Noting the response to exercise has been 
a time-honored guide to the adequacy of digitaliza- 
tion, and treadmill walking with electrocardiograph- 
ic monitoring during exercise adds more quantitive 
information to the procedure. Although a patient 
may appear adequately digitalized at rest, exercise 
may produce an inappropriate tachycardia due to 
enhanced A-V conduction suggesting inadequate 
digitalization. This response may not be detected 
without continuous electrocardiographic monitoring 
as the postexercise rate may fall rapidly to pre-exercise 
levels. Arrhythmias suggesting digitalis intoxication, 
such as rapid junctional rhythms, frequent prema- 
ture beats or paroxysms of ventricular tachycardia, 
may be induced in patients with atrial fibrillation, 
particularly when the resting ventricular rate is be- 
tween 40 and 60 beats/min (Fig. 4). These changes 
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FIGURE 4. Resting tracing (A) of a 54 year old woman with 
mitral valve disease suggests digitalis toxicity with junctional 
rhythm. During walking at 1 mile/hour (B) frequent premature 
beats appear and changes in the T-U waves become more 
prominent. C, D and E are continuous and show regular wide 
QRS complexes. The ventricular origin of this arrhythmia is sug- 
gested by the single-beat preview (arrow) and the presence of 
fusion beats (beat marked F). After exercise (F, G) bigeminy 
briefly appears. Serial testing demonstrated a correlation of the 
arrhythmias to digitalis and diuretic administration. 


may be found with or without hypokalemia, particu- 
larly if the patient is receiving diuretic therapy. In 
addition, changes in the S-T segment and T-U 
waves become more prominent during exercise. 
Paroxysmal atrial fibrillation is rarely induced by 
exercise; in the few instances observed, the parox- 
ysms were brief and terminated spontaneously. Ex- 
ercise induced atrial flutter in a few people with 
chronic rheumatic heart disease. In these subjects, 
chronic atrial fibrillation was present, and the 
change to flutter was transient and occurred either 
during or after exercise. With atrial flutter at rest, 


-exercise usually increases the ventricular rate as A-V 


conduction improves. : 

Ventricular tachycardia: Paroxysms of ventric- 
ular tachycardia are usually previewed by singly oc- 
curring premature beats during walking.! Occasion- 
ally ventricular tachycardia is seen in apparently 
healthy people and in people with hypokalemia.1:8 
As with single ectopic beats, ventricular tachycardia 
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FIGURE 5. Transient left bundle branch 
block appeared with exercise and disap- 
peared followed by sinus bradycardia 
after exercise. After carotid massage 
conduction promptly returns to normal. 


FIGURE 6. Tracing of a 68 year old 
woman with mitral valve disease. During 
walking (A) an abrupt change is seen in 
lead Vs from qR to qrS configuration 
without apparent widening. This change 
was related to an increase in rate with 
exercise. After exercise (B), a return to 
the previous pattern is seen. 


FIGURE 7. Tracings of a 24 year old 
woman with asymptomatic congenital 
complete heart block (rate 33/min). The 
resting sinoatrial rate is very slow (31/ 
min). During walking at 2 miles/hour (B 
and C are continuous), an idioventricular 
rhythm appears followed by a long pause 
and slower discharge of the dominant 
pacemaker. After exercise no P waves. 
are seen for 72 seconds. This test dem- 
onstrates impairment of the dominant 
ventricular pacemaker and an impaired 
sinus mechanism. 


occurs most often immediately after exercise. Ven- 
tricular tachyarrhythmias may also occur at low ex- 
ercise levels, and further ectopic activity may not 
occur with continued exercise (walk-through arrhyth- 
mias). Exercise-induced paroxysms of ventricular 
tachycardia are usually brief with little propensity for 
sustained ectopic firing and rarely produce symptoms. 
Other rapid arrhythmias with a wide QRS interval 
may be either junctional tachycardia with aberrant 
ventricular conduction or sinus tachycardia with bun- 
dle branch block. Accelerated idioventricular rhythm 
' (“slow ventricular tachycardia”) may also occasion- 
ally occur during or after exercise. 

Bundle branch block: Complete left or right 
bundle branch block may be iniated by exercise.! 
The block appears during the exercise period, with a 
progressive increase in heart rate,® and disappears 
after exercise as the heart rate declines to a rate 
slower than that which initiated the change in con- 
duction (Fig. 5). Carotid massage may facilitate nor- 
mal conduction.!° Serial testing has demonstrated a 
reproducible and predictable rate at which the bun- 
dle or a portion of the conduction system may block. 
When intraventricular conduction changes are pres- 
ent at rest, they usually remain throughout exercise. 
Occasionally, conduction may unexpectedly improve 
in such instances or improve only in the beat fol- 
lowing a premature beat.11 Alterations in intraven- 
tricular conduction may appear with little or no wid- 
ening of the QRS complex (Fig. 6). This is often seen 
as a change from a dominant R wave pattern (lead 
Vs) to an RS configuration. This may be incomplete 
right bundle branch block or hemiblock. 

Atrioventricular block: When A-V block is 
present at rest, the response to exercise is unpredict- 
able.12 Normally, the P-R interval shortens with 
exercise.!% First degree block may improve with ex- 
ercise, but occasionally more advanced block is in- 
duced.12 Second degree heart block may transiently 
improve, show no change or deteriorate with tread- 
mill walking. Gilchrist!* has advocated the use of 
exercise to differentiate the behavior of type I from 
type II second degree block, postexercise conduction 
improving in the former and deteriorating in the lat- 
ter. We have seen exceptions to this with the use of 
constant recording during and after exercise. Sino- 
atrial block and sinus arrest are uncommon and usu- 
ally appear after exercise (Fig. 7). The ventricular 
rate increases during exercise in congenital complete 
heart block,!® and frequent ectopic beats may ap- 
pear at higher exercise levels. In contrast, the ven- 
tricular rate increases very little in acquired com- 
plete heart block during exercise. Occasionally, 
“complete” heart block improves with exercise, ex- 
hibiting transient first or second degree block. 

In patients with indwelling artificial pacemakers 
new electrocardiographic information may be ob- 
tained when they are subjected to exercise. We have 
limited walking to 1 or 2 miles/hour in patients with 
fixed ventricular rates. Ventricular premature beats 
and brief runs of ventricular or junctional tachycar- 
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dia are frequently induced by exercise. Exercise may 
uncover an inappropriate use of a fixed-rate pace- 
maker or suggest the need for antiarrhythmic drugs. 

Associated ischemic changes: Ventricular 
tachyarrhythmias may appear during or after exer- 
cise with associated S-T segment depression or angi- 
na pectoris, but exceptions are frequent. Arrhyth- 
mias may occur without arteriographic evidence of 
coronary disease or other evidence of heart disease 
and may be the initial or only manifestations of 
heart disease.1® Because arrhythmias often occur 
without concomitant changes in the S-T segment, 
they should be analyzed as primary events of cardiac. 
irritability. Many arrhythmia-prone patients have 
preexisting S-T segment and T wave changes due to 
previous infarctions, intraventricular conduction dis- 
turbances or cardioactive drugs. The use of digitalis, © 
quinidine, procainamide and diuretic agents may 
also preclude an accurate interpretation of induced — 
S-T segment changes. 


Discussion 


Exercise testing utilizing the treadmill is a satis- 
factory method for detecting arrhythmias. Walking 
is an experience common to most patients with heart 
disease and even when performed at a slow rate may 
provoke transient arrhythmias. Portable electrocar- 
diographic recorders provide a substantial harvest of 
unsuspected disturbances in rhythm and conduc- 
tion?7; however, the yield of ventricular arrhythmias 
may be greater with exercise testing. Rhythm sam- 
pling in a supervised laboratory situation has the ad- 
vantage of trained personnel available at the time of 
changes in rhythm. Safety of the patient is para- 
mount.!%.20 Exercise testing for studying the ar- 
rhythmia-prone patient should not be delegated to 
paramedical personnel. Clinical judgment is needed 
for constant evaluation of both the patient and the 
electrocardiogram. Omission of testing in the ambu- 
latory patient with stable cardiac disease is more 
hazardous than testing if significant arrhythmias re- 
main undetected. 

Clinical applications: Early recognition and 
treatment of ventricular tachyarrhythmias in ambu- 
latory patients with coronary artery disease is a 
major problem.*! Ventricular premature beats in the 
presence of coronary artery disease may be the pre- 
lude to sudden death.22 Because the evidence is 
mostly statistical and based on long-term follow-up 
of large populations, more information is needed for 
assessing premature beats in individual subjects. Ex- 
ercise testing may facilitate early detection of pre- 
mature beats in patients with coronary artery dis- 
ease. Serial exercise testing conducted over several 
years is a simple method for obtaining data on the 
natural history of premature beats and their sequel- 
lae. 

Unexplained palpitations, dizziness or syncope is a 
common problem in medical practice. The resting 
12-lead electrocardiogram often provides a limited 
sample of transient rhythm changes. Exercise testing 
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o may detect an underlying arrhythmia or conduction 


-disturbances as the cause of these symptoms. 


Serial exercise testing is a simple method for eval- 
uating the effect, or lack of effect, of antiarrhythmic 
drugs.23 Frequently, in subjects receiving mainte- 


-= nance doses of quinidine, procainamide or propranol- 


ol, arrhythmias are noted during low levels of exer- 
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cise but are not present at rest. Judging the efficacy 
of treatment by sampling only resting electrocardio- 
grams is inadequate in ambulatory patients. The ex- 
ercise laboratory is being utilized successfully for de- 
tecting changes in cardiac rhythm and conduction, 
and further extends the value of exercise testing to 
identify the arrhythmia-prone patient. 
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Graded treadmill exercise testing and coronary cinearteriographic : 
studies were carried out on 86 patients with angina pectoris, At rest, — 
all patients demonstrated a normal S-T segment on the modified bi 


polar lead V; recording used. The computer-quantitated S-T seg- 


ment response to exercise was correlated with the location and ex- 
tent cf obstructive coronary artery disease. The coronary cinearteri- _ 
ograms were reviewed by 3 physicians and stenosis of 75 percent or 
greater was considered significant. All patients showed at least this | 
degree of stenosis in 1 or more major coronary arteries, and 83 of 
86 exhibited 90 percent or greater stenosis in at feast 1 artery. ne 
Thirty-one patients had stenosis in a single artery, 43 had stenosis in 
2 arteries and 12 had significant lesions in all 3 major arteries. In 70 
of the 86 (82 percent) patients, a positive S-T segment response - 
developed during or immediately after exercise. In 12 of the 16 with | 
a negative response, disease was limited to a single artery. In 11 of 
the 12 the disease was restricted to the right coronary or left cir- 
cumflex arteries. Of the 12 patients ‘with an isolated stenosis of the 
left anterior descending artery, 11 (92 percent) had a positive S-T 
segment response. Of 55 patients with 2- or 3-vessel disease, 51 (93. 
percent) demonstrated a positive S-T response. Graded treadmill 
exercise testing in 80 patients with chest pain, normal coronary arte- 
riograms and normal left ventricular function revealed 4 (5 percent) 
with a false positive S-T segment response. 

The possible mechanisms underlying the high incidence of false 
negatwe exercise electrocardiographic tests in patients with disease 
isolated to the right coronary or left circumflex artery are discussed. 


Electrocardiographic stress testing is the most reliable noninvasive 
technique for the diagnostic evaluation of patients suspected of hav- 
ing coronary heart disease. Exercise continues to be the most widely 
utilized stress. Graded treadmill exercise testing to maximal or near 
maximal heart rates is being increasingly utilized as this approach 
yields a significantly higher percentage of positive S~T seginent re- 
sponses than the more conventional 2-step test.1-2 Still, a significant 
number of patients with coronary heart disease and angina pectoris 
demonstrate a normal S~T segment response to strenuous treadmill 
exercise. We subjected 86 patients with clinical angina pectoris to 
graded treadmill exercise testing and quantitated their S-T segment 
response to exercise by previously described computer techniques.® 
Each patient then underwent selective coronary cinearteriographic 
studies to confirm the diagnosis of coronary artery disease. The loca- 
tion and extent of the obstructive disease were correlated with the 
S-T segment response to exercise. 
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TABLE I 
Staging Program for Graded Treadmill Exercise Testing 


i ee een. aaa REeECInanads 





Time Speed Grade 
Stage (min) (miles/hour) (%) 
hah E ee ng Se IP a a A a 
l S 2.0 4 
II 3 3.3 6 
Hl 3 33 9 
IV 3 3:3 12 
v 3 3.3 15 
Vi 3 3.3 18 
Vil 3 3.3 21 
Methods 


Cardiovascular testing of the patients in this study was 
carried out either to confirm the clinical diagnosis of coro- 
nary heart disease with angina pectoris or to evaluate the 
patient with angina pectoris for possible myocardial re- 
vascularization. Only patients with a normal resting S-T 
segment on the exercise recording lead were included. 
None was taking digitalis or other drugs known to influ- 
ence the S-T segment response to exercise. Of the 86 pa- 
tients 20 demonstrated old myocardial infarction patterns 
on the resting 12-lead electrocardiogram. The infarction 
was inferior in 11 with Q waves of 0.04 second or greater 
in lead aVF. Anteroseptal infarction with QS complexes 
in leads Vi to V3 or V4 was present in 7 patients whereas 
2 others demonstrated posterior infarction patterns with 
an initial R in lead V; of 0.04 second duration and an R/S 
ratio greater than 1. 

Treadmill tests were performed following a graded exer- 
cise procedure (Table I). The exercise electrocardiogram 
was recorded from a modified bipolar Vs lead system. The 
left chest electrode was placed in a position which yielded 
the desired large R, small s type QRS complex and left- 
sided placement varied from the lead V4 to Ve position in 
the fourth to sixth interspace. All exercise tests were per- 
formed under the supervision of a physician. To assess 
functional capacity, each patient was exercised until chest 
pain occurred. In the majority of cases the test was termi- 
nated shortly after the onset of pain. However, if the S-T 
segment remained normal and the patient was not experi- 
encing pain of intensity equal to that usually experi- 
enced, exercise was continued for 1 to 3 minutes more to 
determine if segmental S-T depression could be induced. 
Exercise was terminated immediately upon the appear- 
ance of ventricular tachycardia (3 or more consecutive 
premature ventricular complexes), a declining blood pres- 
sure or a faltering gait. We also terminate our exercise 
tests if the patient attains 90 percent of his predicted 
maximal heart rate before the onset of chest pain, but in 
the present study each of our patients experienced his 
“usual” chest pain prior to attaining this predicted heart 
rate. 

The electrocardiographic signal was recorded contin- 
uously using a Philbrick Amplifier and a 4-channel Hew- 
lett Packard magnetic tape recorder. A time code (Systron 
Donner) was simultaneously generated and recorded so 
that selected intervals of the electrocardiographic data 
could be located for computer averaging and S-T segment 
quantitation. For this study 25 consecutive QRS complex- 
es from the standing rest period, from the end of exercise, 
from the immediate recovery period (first 25 QRS com- 


plexes after termination of exercise) and from the 3 min- 
ute recovery period were converted from analog to digital 
form using a PDP-8 computer (Digital Equipment Corp.). 
During analog to digital conversion the 25 QRS complexes 
were passed simultaneously through a TR-20 analog com- 
puter (Electronic Associates) programmed to generate ref- 
erence pulses corresponding in time to the maximal rate 
of change of the downslope of the R wave.’ These refer- 
ence pulses were converted to digital form along with the 
corresponding QRS complexes. The digital data were then 
submitted to an IBM 7040 computer where the consecu- 
tive QRS complexes were aligned for averaging by means . 
of the reference pulses.* After reduction of the noise and 
artifact level was accomplished by computer averaging, 
the slope and the depression of the S-T segment were 
quantitated for each group of averaged QRS complexes 
(Fig. 1). 

The following modifications have been made in our 
original program for computer quantitation of the S-T 
segment.’ The P-Q or isoelectric interval is derived by 
identifying the peak of the R wave of the averaged QRS 
complex and then scanning the data points proximal to 
the R peak to locate a 10 millisecond (msec) interval with 
the least slope or rate of change. In the majority of cases 
this interval is at the P-Q junction. The 10 msec interval 
of the S-T segment starting at 60 msec distal to the R 
peak is then located and the voltage of this interval in ref- 
erence to the P-Q interval is quantitated in millivolts 
(mv) with 0.1 mv being equal to 1 millimeter (mm). A 40 
msec interval starting at 70 msec distal to the R peak is 
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FIGURE 1. A plot of the computer average of the last 25 QRS 
complexes recorded during exercise. The P-Q interval and the 
intervals of the S-T segment in which the depression and slope 
are computed are illustrated. The computed values for the S-T 
segment depression and slope (rate of rise) are listed at the 
top. 
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TABLE il 


Criteria for an Abnormal Computer-Quantitated S-T 
Segment Index During Exercise and in the 
immediate Recovery Period 








If S-T segment depression is 1.0 mm or greater and 

sum of S-T segment depression in millimeters (mm) and S-T 

slope in millivolts (mv) per second (S-T Index) = 0 or less 
Example—Normal 

S-T segment depression = —1.5 mm 

S-T segment slope = +2.5 mv/sec 

Sum of —1.5 and +2.5 = +1.0 S-T segment index 
Example—Abnormal 

S-T segment depression = —2.5 mm 

$-T segment slope = +1.5 mv/sec 

Sum of —2.5 and +1.5 = —1.0 S-T segment index 





then located and the slope or rate of rise of the S~T seg- 
ment is quantitated in millivolts per second (mv/sec). 
The quantitation of the standing rest period was used to 
confirm the visual impression of a normal base line S-T 
segment (<0.50 mm of S-T segment depression with a 
positive S-T segment slope). 

Table II illustrates our criteria for a positive S-T seg- 
ment response in the form of an S-T segment index giving 
equal weight to the depression and slope of the S~T seg- 
ment during or immediately after exercise. These criteria 
were derived from a statistical comparison of 2 groups of 
patients, one with known coronary heart disease and angi- 
na pectoris and the other, age-matched clinically mormal 
patients (Fig. 2). Our criteria for a positive computer- 
quantitated S~T segment response in the 3 minute recov- 







S-T (mm) 


oe Lee | 


o NORMAL 


A CORONARY ARTERY 
DISEASE 


ery period are 1.0 mm (0.1 mv) or more of 
depression with a horizontal or a negative 
slope (<+0.50 mv /sec rate of rise). 

Coronary arteriographic studies were carried out by se- 
lectively opacifying each coronary artery by hand injec- 
tions of Renografin 76° or 75 percent Hypaque® through a 
catheter introduced percutaneously into a femoral artery. 
These were observed on a Philips 6 inch image intensifier, 
the output of which was recorded at 64 frames/sec on 35 
mm Eastman Double X negative cine film by an Arriflex 
camera with a lens focal length of 100 mm. X-ray expo- 
sure time per frame was 5 msec. The coronary cinearteri- 
ograms were reviewed by 3 physicians to confirm the pres- 
ence of coronary artery disease and to grade the degree of 
stenosis in each of the 3 major coronary arteries and their 
primary branches. For the purpose of this study, stenosis 
was considered significant if graded as 75 percent or 
greater obstruction. 


egment 


S-T s 
S-T segment 


Results 


Coronary arteriographic findings: The coro- 
nary cinearteriographic studies demonstrated steno- 
sis of 75 percent or greater in 1 or more of the major 
coronary arteries in all 86 patients. All but 3 patients 
had at least 1 artery with 90 percent or greater ste- 
nosis. In 31 patients significant stenosis was isolated 
to 1 coronary artery (Table III). Twelve patients had 
isolated disease of the right coronary artery, 12 of the 
left anterior descending artery and 7 of the left cir- 
cumflex artery. All the patients with isolated right 
coronary or left circumflex artery disease had domi- 
nant right coronary artery systems. There were 43 
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FIGURE 2. The computed values for the S-T segment depression and slope from the last min- 
ute of exercise are plotted for a group of patients with coronary artery disease and angina pec- 
toris and an age-matched group of clinically normal patients. The S~T segment depressions in 
millimeters (mm) are plotted on the ordinate and the S-T segment slopes in millivolts per sec- 
ond (mv/sec) on the abscissa. A linear discriminant analysis was computed to determine the 
best line of separation between the 2 groups. In order to express the S-T segment values as a 
single unit giving equal weight to the S-T segment depression and S~T segment slope, an S-T 
segment index was derived by arbitrarily summating the S-T segment depression in millimeters 
and the S-T segment slope in millivoits per second (right ordinate). An S-T segment index of 0 
gave a separation of the 2 groups comparable to the linear discriminant analysis (Table lH}. 
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TABLE III 


Correlation of Treadmili Exercise Electrocardiogram (ECG) 
with Arteriographic Location of Coronary Disease 





Treadmill Exercise ECG 














Arteries Involved Patients Senn a ME NRE 
75%, Stenosis or Greater Studied (no.) Positive Negative 
RCA 12 6 6 
LCA 7 2 5 
LAD 12 11 1 
LAD + RCA 19 17* 2* 
LAD + LCA 14 13 1* 
RCA + LCA 10 9 1 
LAD, RCA + LCA 12 12 0 
Totals 86 70 16 





* One patient with abnormal left axis deviation on the resting 
electrocardiogram. 

LAD = left anterior descending artery; LCA = left circumflex 
artery; RCA = right coronary artery. 


patients with significant lesions in 2 of the major 
coronary arteries (Table III). The left anterior de- 
scending and the right coronary arteries were involved 
in 19 patients, the left anterior descending and the 
left circumflex arteries in 14 patients and the right 
coronary plus the left circumflex arteries in 10 pa- 
tients. All patients with significant 2-vessel disease 
with involvement of the right coronary artery had 
dominant right coronary artery systems. Significant 
disease of all 3 major coronary arteries was present 
in 12 patients (Table M). 

Positive S-T segment index: The mean age of 
the 86 patients studied was 49.6 years and the mean 
heart rate attained at the time of onset of chest pain 
was 132/min. Seventy of the 86 patients (82 percent) 
demonstrated a positive S-T segment index (Table 
III). The index was positive for the last 25 QRS com- 
plexes during exercise in 69 patients whereas 1 pa- 
tient had a positive index only for the first 25 QRS 
complexes from the immediate recovery period. In 10 
patients the S-T segment index was positive only 
during the last 25 QRS complexes of exercise where- 
as in 59 it was positive during exercise and in the 


TABLE IV 


S-T Segment Index (S-T segment depression in mm minus 
S-T slope in mv/sec) of Patients with Coronary Artery 
Disease and a Positive S-T Segment Response to Exercise 








Arteries Involved Patients (no.) S-T Segment Index 
LCA 2 —0.20 
RCA 6 —0.80 
LAD 11 —1.81 
LAD + LCA 13 —1.70 
LAD + RCA 17 —1.98 
RCA + LCA 9 —1.11 
RCA, LAD + LCA 12 —1.82 





LAD = left anterior descending artery; LCA = left circumflex 
artery; RCA = right coronary artery. 


immediate recovery period. Of the latter, 8 had a 
more abnormal index in the immediate recovery pe- 
riod. Only 54 (63 percent) of the patients had a posi- 
tive S-T segment response in the 3 minute recovery 
period. In no instance was a positive S-T segment 
response confined to the 3 minute recovery period. - 

Correlation of S-T segment index and arte- 
riographic findings: When patients with a negative 
S-T segment index were analyzed according to the 
arteriographic location of the coronary artery steno- 
sis, 12 of the 16 were found to have disease isolated 
to 1 coronary artery (Table HI). The isolated disease 
involved the right coronary artery or the left circum- 
flex artery in 11 of the 12 patients. The incidence of 
a positive S-T segment index to exercise was 50 per- 
cent in patients with isolated right coronary artery 
disease and 30 percent in patients with isolated left 
circumflex artery disease. On the other hand, 11 of 
12 patients (92 percent) with isolated left anterior 
descending disease had a positive S-T segment index 
to exercise. Of the 55 patients with significant 2 or 3 
vessel disease, 51 (93 percent) had a positive S-T 
segment index. Further, 2 of the 4 patients with mul- 
tiple vessel disease and a normal S-T segment index 
had abnormal left axis deviation (greater than —30 
degrees) on the resting electroeardiogram. The only 
negative response among the patients with isolated 
disease of the left anterior descending artery was ina 
patient with abnormal left axis. Only one of the 70 
patients with a positive S-T segment index to exer- 
cise had an abnormal left axis on the resting electro- 
cardiogram (Table IH). 

Isolated left vs. right coronary artery disease: 
To study further the observed difference between 
the S-T segment responses of patients with isolated 
disease of the left anterior descending artery and 
those with isolated right coronary or left circumflex 
artery disease, the mean S-T segment index for each 
group of patients was analyzed separately (Table 
IV). The indexes were similar for patients with iso- 
lated disease of the left anterior descending artery 
and those with left anterior descending plus right 
coronary and/or left circumflex artery disease, all 
falling between ~1.70 and —1.98. In contrast, pa- 
tients with right coronary or left circumflex artery 
disease, or both, had S-T segment indexes of —1.11 
or less (P <0.005). 


Discussion 


Incidence of positive S-T segment responses: 
Positive S~T segment responses to graded treadmill 
exercise were found in 82 percent of our patients 
with coronary heart disease and angina pectoris. 
This is comparable to the results of other graded ex- 
ercise studies in patients with angina in which com- 
puter quantitated S-T segment responses or multi- 
ple electrocardiographic lead systems were used.*® 
Lower incidences of positive S~T segment responses 
in patients with coronary heart disease subjected to 
strenuous graded exercise have been reported.7-§ Vi- 
sual quantitation of the S~T segment response and 
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the use of single electrocardiographic lead systems 
may have contributed to the variable results of these 
studies. However, many other factors must be taken 
into consideration when comparing the results of ex- 
ercise electrocardiographic studies of patients with 
coronary heart disease. The incidence of positive 
S-T segment responses is directly proportional to the 
work load imposed on the patients.?:° The frequency 
of positive responses is also greater if the QRS com- 
plex is normal in duration, if the base-line S-T seg- 
ment is isoelectric and if the patient experiences an- 
gina during the exercise test.9-10 These conditions 
were fulfilled in our study patients. 

Our finding of the highest incidence of abnormal 
S-T segment responses during exercise is in contrast 
to the findings of others.?-4-5.8 Previous studies of the 
S-T segment response during exercise have utilized 
‘criteria for an abnormal S-T segment response which 
were established for the postexercise electrocardio- 
gram. In patients without cardiovascular disease the 
rate of rise (slope) of the S-T segment is much greater 
during exercise.3 In patients with coronary heart dis- 
ease the slope of the S-T segment is frequently at- 
tenuated abnormally during exercise but not neces- 
sarily to the same degree as is observed in the post- 
exercise period. Therefore, a different set of criteria 
must be utilized in evaluating the S-T segment 
response during exercise. 

Specificity of test: The clinical value of a tech- 
nique for exercise electrocardiography is determined 
by the specificity of the test as well as by its sensi- 
tivity. To assess the specificity of our technique, ex- 
ercise electrocardiographic tests were performed on 
80 patients with chest pain who demonstrated nor- 
mal hemodynamic and coronary arteriographic stud- 
ies during cardiac catheterization. Only 4 (5 percent) 
of these patients had a false positive computer-quan- 
titated S-T segment index (Table II). 

Correlation of positive response to severity of 
disease: Previous reports correlating the degree and 
extent of coronary artery obstruction with the S-T 
segment response to exercise have been conflieting. 
Most et al.42 and McConahay et al.,1? using the 
Master 2-step test, and Mason® and Goldschlager? 
and associates, using graded exercise, found that the 


incidence of positive tests increased with increasing 
severity of the coronary artery disease. Others have 
failed to demonstrate such a correlation.?:13 In our 
study, 61 percent of the patients with single vessel 
disease had a positive S-T segment response as com- 
pared to 93 percent of those with 2- or 3-vessel dis- 
ease. Further analysis of the patients with single ves- 
sel disease revealed that 92 percent of those with left 
anterior descending artery disease had a positive 
S-T segment response as compared to 42 percent of 
the patients with disease restricted to the right coro- 
nary or left circumflex artery. Therefore, a normal 
S-T segment response to graded exercise in a patient 
with coronary artery disease, angina pectoris and a 
normal base-line S-T segment suggests isolated dis- 
ease of the right coronary or left circumflex artery. 

Certain factors contributing to the discrepancies 
between our results and those of previous studies de- 
serve consideration. First, there has been no unifor- 
mity in the definition of “significant” coronary ar- 
tery disease. For this study we considered a stenotic 
lesion to be hemodynamically significant if the arte- 
rial obstruction was graded as 75 percent or greater. 
In all but 3 of our patients there was at least 90 per- 
cent stenosis in 1 or more of the major arteries. Sec- 
ond, all patients in this study had a normal resting 
electrocardiogram with the lead system used and an- 
gina pectoris developed in all during the exercise 
test. Some previous studies have not elaborated on 
these important factors. 


Left anterior coronary artery disease: The 
more strongly positive S-T segment indexes ob- 
served in patients with left anterior descending ar- 
tery disease (Table V) suggest that the bipolar Vs 
type lead system is more sensitive to ischemia aris- 
ing in the area of myocardium supplied by this ar- 
tery than in the inferior and posterior myocardium 
supplied by the right coronary and left circumflex 
arteries. An alternative explanation may be that 
ischemia arising from lesions of the right coronary or 
left circumflex artery is more difficult to detect by 
surface electrode systems regardless of their place- 
ment. Few exercise studies have compared single and 
multiple lead systems. We are currently undertaking 
such a study. 
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Exercise testing, when prescribed by a physician for diagnostic or 
therapeutic purposes, is a medical procedure. As such, it is a pro- 
fessional function with attendant medicolegal risks. It is therefore 
important to understand the scope and nature of responsibility, and 
the appropriate ways to establish a constructive physician-patient re- 
lationship, such as through selection of suitable tests, use of neces- : 
sary precautions, explanations of potential hazard and achievement © 
of informed understanding. These measures will help to reduce or 
avoid liability and serve as defenses against charges of malpractice. 

The physician is also professionally and legally responsible for se- 
lecting adequately trained staff and for supervision. Negligence of 
assistants, by commission or omission, may be imputed to him. Op- 
timal medical service, including proper records and reports, consti- 
tutes the best protection for all concerned as well as the desired 
care for patients. 


Exercise testing is now widely utilized by general practitioners, in- 
ternists, cardiologists and paramedical personnel in evaluating phys- 
ical fitness and in detecting ischemic heart disease. With i increasing 
cardiac complications, including death attributed to exercise, and © 
consequent litigation, medical-legal issues must be explored in the 
interests of the patient and the physician.! Exercise, whether em- 
ployed as a diagnostic test or suggested as a conditioning rehabilita- 
tion program, becomes a medical procedure when prescribed by a 
physician. Reasonable exercise for the well or apparently healthy 
subject rarely presents complications. There are, however, recorded 
instances of disability and death to remind physicians that exercise 
as a diagnostic or therapeutic procedure is a professional function 
with risk that may lead to legal difficulty. Therefore, appropriate 
professional judgment and caution are needed to establish responsi- 
bility and to prevent legal action or to provide an adequate defense. 

Medical-legal risk arises, at the outset, whenever a physician seeks 
to define or understand a patient’s condition. A person who presents 
himself to a physician for an examination with a question or com- 
plaint must be considered a patient. A physician need not accept 
any one who seeks help or advice, but if he proceeds in the custom- 
ary way, such as obtaining pertinent identification or taking a medi- 
cal history, a relationship exists, based upon the conduct of the 
parties. In the physician-patient relationship, the physician has the 
responsibility of providing proper care and applying his skill, learn- 
ing and judgment in accordance with the standards of his specialty 
and the generally accepted practice of the community.? 

A professional must keep abreast of progress in his field and is 
held to such an obligation. Also, courts have expanded or extended 
the “community rule” to include practice of all well known or acces- 
sible locales. Moreover, hospital liability, largely based on local 
practice, is now rapidly being premised on an acceptable standard of 
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care as determined by administrative rules, regard- 
less of procedure followed by similar or nearby insti- 
tutions.4 Thus, use of a questionable practice or an 
ineffective diagnostic procedure will not be condoned 
simply because other physicians or hospitals not in 
the mainstream of medical practice accept or adopt 
it. On the other hand, a physician who employs an 
acceptable mode will ordinarily not be held liable for 
a poor result, solely because others use different 
methods, as long as he has a reasonable and justifi- 
able basis for his judgment or choice. A poor diagnosis 
by itself may not lead to liability unless it directly 
contributed to the poor result or outcome. Such 
holdings, however, do not generally relieve the physi- 
cian from the duty of exercising care and skill suited 
to the problem and the individual patient. 


Exercise Tests as Diagnostic Procedure 


Whenever exercise tests are included for diagnostic 
evaluation, it is the responsibility of the physician to 
understand the purpose and limitations of the proce- 
dures. Comprehensive understanding of objectives, 
and specific understanding of individual characteris- 
tics and requirements, are doubtless the best prepa- 
rations for assuring that exercise testing will be per- 
formed when appropriate and not when potentially 
hazardous. For instance, Master® emphasizes that 
his test is intended to expose coronary artery disease 
and not to determine physical fitness. 

The physician must select the technique most 
likely to provide the information required with the 
least degree of risk to the patient in light of what has 
been ascertained or suspected from the examination. 
He must administer the test properly with adequate 
staff and equipment, and he must be prepared to 
discontinue the procedure in the face of possible 
danger. In exercise testing, medical supervision 
implies capability to monitor the electrocardiogram 
and blood pressure during and after exercise, as well 
as immediate availability of emergency cardiopulmo- 
nary resuscitation. It also implies knowledge of cir- 
cumstances which contraindicate testing requiring 
such stress. 

Precautions in exercise testing: Cooper® 
suggests that testing should not be given to persons 
with a history of myocardial infarction within the 
preceding 3 months, or a history of pulmonary embo- 
lism, severe valvular disease, persistent congestive 
failure, angina pectoris for less than 2 months or rap- 
idly progressing, untreated atrial fibrillation, 3 or 
more complexes of ventricular tachycardia, high de- 
grees of heart block, uncontrolled hypertension or di- 
abetes, vascular aneurysm or active myocarditis. 

The World Health Organization’ lists conditions 
which indicate a high degree of risk and need for 
special caution as well as symptoms and signs that 
usually call for discontinuing exercise; for example, 
symptoms—increasing pain with or without electro- 
cardiographic changes, fainting, severe dyspnea, fa- 


tigue and intermittent claudication; clinical signs— 
pallor, cold moist skin, cyanosis, staggering, confu- 
sion in reply to inquiries, facies indicating cerebro- 
vascular insufficiency, or headnodding; physical 
signs—hypotension or lowered blood pressure due to 
exertion, increase in systolic blood pressure beyond 
prudent limits depending on patient’s age and condi- 
tion; electrocardiographic changes—paroxysmal 
supraventricular or ventricular arrhythmias, conduc- 
tion disturbances and RS-T segment depression with 
a horizontal or descending limb greater than 0.2 mv. 

Not all physicians and medical groups agree with 
these particular admonitions, but all agree that the 
exercise method, although eminently useful, has sub- 
stantial element of risk. From the legal point of view, 
the issue will generally be whether the physician has 
demonstrated skill and knowledge of the problem, 
usually as indicated in his written record, and 
whether he has communicated the essentials to the 
patient and obtained his comprehending consent. 

The use of a specific consent form, advocated by 
many physicians and lawyers, is evidence of the un- 
derstanding. It is important to realize, however, that 
consent, formal or informal, serves only as authoriza- 
tion to proceed and as a defense against a claim that 
the patient had no knowledge or appreciation of the 
procedure and risks. It does not constitute a release 
for the negligent commission or omission of an act by 
the physician or an associate on his behalf. The form 
itself is not the consent. It is, however, the best evi- 
dence that action was taken to acquaint the person 
with significant elements. Therefore, if a form is to 
be used, it should be tailored to the particulars of 
this type of medical activity. The forms proposed by — 
the American Heart Association® for obtaining in- 
formed consent of the apparently healthy subject 
and of the patient with heart disease to exercise test- 
ing provide such particulars and space for individual 
details. These should be modified for local applica- 
tion. 

As to the potential for malpractice, just as a phy- 
sician is not a guarantor of cure or success as a result 
of treatment, he is not a guarantor that no harm or 
injury will arise in the course of treatment or diagno- 
sis. That disability, disease or death follows the 
treatment does not mean that the physician’s action 
or inaction was the cause. For example, it is estab- 
lished that about 1 percent of the middle-aged men 
in this country who are apparently well will experi- 
ence some type of heart. disturbance in a given. 12 
month period.? There is thus a definite “normal 
risk” and possible adverse effect, not necessarily at- 
tributable to the medical assessment. or prescription. 

Criteria of negligence: The onus of demonstrat- 
ing poor or negligent practice which presumably 
caused damage to the patient falls on the claimant. 
There are 4 requirements. (1) The plaintiff must 
show that a professional duty, generally based on a 
physician-patient relationship, was owed to the pa- 
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tient and recognized in law. (2) He must show dere- 
liction of duty by the physician, that is, failure to 
employ proper care or skill as evidenced by negligent 
action or inaction. (3) There must be damage. that 
is, either physical or mental injury and some identi- 
fiable loss. (4) There must be a demonstration of di- 
rect. cause, a causal link between the damage 
claimed and the breach of duty. A fortuitous bad re- 
sult; an outcome due to an intervening cause, negli- 
gence or refusal to follow medical advice on the part 
of the patient; or the result of the natural course of 
disease or similar situation may well defeat a claim 
of heart damage or death.1° However, in some states, 
the physician is liable if the outcome derives from 2 
causes, complementary or co-effective, when only 1 
may be attributable to the physician’s negligence. 

The full diagnosis and evaluation should be prop- 
-erly recorded, with appropriate distinction between 
(1) objective observation and (2) analysis based on 
personal judgment. The comment of the patient in 
-< response to oral or written inquiries should be ob- 
tained by use of standard vocabulary and terminolo- 
gy, especially since subjective descriptions of pain 


< and discomfort are difficult to communicate and re- 


call. The medications used and prescribed should 
¿valso be noted, along with instructions given to the 

patient. Finally, the patient’s agreement and con- 
sent, if specially requested, should be part of the rec- 
ord, along with questions or reservations made by 
the patient. The physician’s record and the hcspital 
or office reports often make the difference between a 
- verdict for the plaintiff or defendant in a malpractice 
case based on the patient’s allegations as to what the 
- physician did, said or ordered. The physician’s asser- 
tion that he took certain precautions or prescribed 
medications or limits will be difficult to support un- 
“less these measures are substantiated by his regular 
record. 


Exercise as Treatment 


In the case of treatment. exercise is often recom- 
mended in one form or another as a fitness program, 
or for some actual or suspected heart condition. Ex- 
pert opinion, not only regarding the type of exercise 
for particular situations but also chiefly regarding its 
value at all for older people, vulnerable individuals 
¿or others, is highly variable and often influeneed by 
publicized findings and studies of special groups. 
Nevertheless, there is legal significance in the simple 
fact that a recommendation or even an agreement to 
an exercise program proposed by a patient consti- 
tutes a prescribed treatment. That exercise or a fit- 
ness regimen is usually regarded somewhat informal- 
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ly or as an accompaniment to other treatment does 
not lessen its importance or relieve the physician of 
medical responsibility or legal liability. Accordingly, 
the exercise plan should be recorded, a copy given to 
the patient and to the organization, if any, involved 
in providing or monitoring the program. In this way, 
misunderstanding will be avoided, important limita- 
tions and all cautions will be appreciated. 

When the patient, by permission or otherwise, goes 
to gymnasiums, clubs or sports centers, much of the 
supervision is assumed by instructors and leaders, 
rather than the physician. But the physician is still 
in general charge, unless the relationship has been 
terminated, and he should respond to requests. for 
information and indeed provide a regimen for his pa- 
tient. The medical record, however, should be re- 
tained by the physician, but a pertinent summary or 
set of recommendations should be given to the pa- 
tient. 

Anglo-American law has consistently maintained 
that a relationship continues until it is terminated ` 
by consent or dismissal or when it is understood that 
the professional services are no longer needed. The ` 
experienced physician knows that he must make ad- 
equate arrangements for temporary or permanent. 
transfer of his patient when he is unable to care for 
him. Similarly, he must be certain that the patient 
knows and agrees that medical services are no longer 
required. This point should be covered by a state- 
ment in the medical record. 

Delegation of authority or practice is an important - 
medical-legal consideration. A physician will often 
assign control of exercise, especially during aftercare © 
or treatment, to assistants and paramedical staff; 
Even though they may be technically qualified and 
independently trained workers, the physician is re- 
sponsible for selecting trained and competent assis- 
tants as employees or contract specialists. Depend- 
ing on the circumstances, he may be legally liable for 
malpractice along with them for breach of duty or 
negligence on their part. 

Undeniably, the patient is best served by the ren- 
dition of the best medical service available. Even if 
the end result is not as desired, there will be no basis 
for blame, for medicine is not an exact science which 
is capable of achieving a specific, planned benefit. 
However, the physician has the legal duty to provide 
optimal care within the limits of his knowledge, skill 
and specialization, in accordance with standards of 
his professional community. Care relating to exercise 
falls within the physician-patient relationship as a 
medical procedure, and the rules of medical-legal lia- 
bility apply. 


References 


1.. Rochmis P, Blackburn H: Exercise tests: a survey of pro- 
cedures, safety, and litigation experience in approximately 
170,000 tests. JAMA 217:1061-1066, 1971 

-2, Wasmuth CE: Law for the Physician. Philadelphia, Lea & 
Febiger, 1966, p 15-30 


3. Long RH: The Physician and the Law, third edition. New 
York, Appleton-Century-Crofts, 1968, p 24-26 

4. Curran WJ, Shapiro ED: Law, Medicine, and Forensic 
Science, second edition, chap 6, sect 3. Boston, Little, — 
Brown, 1970, p 610-654. See esp. Darling v. Charleston 


November 20,1972 The American Journal of CARDIOLOGY Volume 30 755 























CLINICAL STUDIES 


_ Treadmill Exercise in Assessment of the Functional 
_ Capacity of Patients with Cardiac Disease 


_ JACK A. PATTERSON, MD 

~ JOHN: NAUGHTON, MD, FACC* 

» RAYMOND J. PIETRAS, MD, FACC 
> ROLF M. GUNNAR, MD, FACCtT 


p Chicago, Illinois 


From. the Division of Cardiology of the De- 
partment of Medicine, Abraham Lincoln Col- 
dege of Medicine, Chicago, Ill. Manuscript 
received. March 27, 1972; revised June 26, 
1972, accepted July 21, 1972, 

*Current address and address for reprints: 
John. Naughton, MD, Division of “Rehabilita- 
tion Medicine, the George: Washington Uni- 
versity Medical: Center; 2150. Pennsylvania 
Ave., N.W., Washington, D. C. 20037. 

fCurrent address: Department of Cardiol- 
ogy, Hines Veterans Administration Hospital, 
Hines, HI. 





The effort tolerance of 43 patients with cardiac disease was. evalu- 
ated with use of an intermittent multistage treadmill exercise test. 
The results were compared with independently made clinical esti- 
mates of functional classification using the criteria of the New York 
Heart Association. 

The 43 adult patients were classified into 4 groups on the basis of 
peak oxygen consumption (VO2) achieved during treadmill exercise; 
11 patients (26 percent) achieved a plateau in VO., and 32 (74 per- o 
cent) had a symptom-limited capacity. Subjects in Group 1 had a 
VO; of 23 ml/kg per min or greater; Group 2, 16 to 22 ml/kg per 
min; Group 3, 10 to 16 ml/kg per min; and Group 4, 10 mi/kg per 
min er less. Although the correlation between treadmill exercise and 
the physician’s assessment of functional classification was signifi-. 
cant (r = 0.84, P <0.01), the agreement was inversely related to 
the seriousness of impairment. There was total agreement between 
the 2 methods for patients with functional class | status, but dis- 
agreement in 6 of 16 (38 percent) patients considered to have func- 
tionai class II status, 4 of 15 (27 percent) with functional class IH, 
and 1 of 2 (50 percent) with functional class IV status. When 
a discrepancy occurred between measured performance capacity 
and the clinically rated functional class, a review of the hemodynam- 
ic data recorded during cardiac catheterization usually indicated that 
graded exercise more accurately reflected the degree of cardiac im- 
pairment. 

These results indicate that patients with cardiac disease begin. to 
experience limiting symptoms when peak ‘oxygen consumption. is 
less than 22 ml/kg per min and usually consider themselves severe- 
ly limited when peak oxygen consumption is 16 mi/kg per min or 
less. The determination of a patient’s performance capacity affords 
an objective measurement of the degree of cardiac impairment and 
may be useful in the planning of patient management. 












Estimation of the impairment imposed by cardiac disease as out- 
lined by the New York Heart Association functional classification is 
an integral part of a complete cardiac evaluation. Through a careful © 
review of a patient’s history, a physician ascertains the relative se- =; 

verity of cardiac symptoms and the limitations these symptoms im- 
pose. Because the history is subjective, in many circumstances a 
more objective evaluation is desired. Exercise testing is an accept- 
able objective means of evaluating cardiac symptoms.? Our study. 
was performed to compare performance on an exercise test with the 
clinical determination of functional class. It was our hypothesis that 
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FIGURE 1. Relation between oxygen uptake per kilogram 
body weight and work intensity on the treadmill. The shaded 
area represents the 95 percent confidence interval limits for 30 
healthy subjects measured in our laboratory. The closed circles 
represent the mean values for the patients described in this 
study. The mean oxygen consumption per kilogram of body 
weight did not differ between the healthy and patient groups 
during walking at comparable speed and grade. mph = miles 
per hour. 


criteria of performance on an exercise test could be 
correlated with the clinical evaluation and that cri- 
teria so defined could, in turn, be applied as an ob- 
jective measurement of patient limitation that might 
reinforce or add to the physician’s assessment of a 
patient’s cardiovascular status. 


Methods and Materials 


Forty-three patients referred for diagnostic cardiac 
catheterization form the basis of this report. An appropri- 
ate history, physical examination, electrocardiogram, vec- 
torcardiogram, complete blood count, 4 X-ray views of the 
heart with barium swallow, and other indicated studies 
were obtained in all patients. Patients who had evidence 
of any acute disease process or who had motor abnormali- 
ties or peripheral vascular insufficiency sufficient to pre- 
vent the adequate performance of treadmill exercise were 
excluded from the study. The functional classification ac- 
cording to criteria outlined by the New York Heart Asso- 
ciation was determined by a consensus of 2 members of 
the Department of Adult Cardiology who were not aware 
of the results of the exercise test, but who knew that their 
evaluations would be compared with the treadmill perfor- 
mance. 

Right and left heart catheterization was performed in 
all patients. Pressures were recorded through Statham 
P23Db transducers with a Hewlett-Packard or an Elec- 
tronics for Medicine preamplifier and recorder. Cardiac 
output was measured at rest by the Fick technique in 36 
patients and by indocyanine green indicator-dilution 
method in 4. Three patients did not have cardiac output 
measurements. All catheterizations were performed with 
the patients supine, fasting and lightly sedated with phe- 
nobarbital. Exercise studies during cardiac catheterization 
were usually performed at a rate of 25 watt seconds on a 
Godart GM-EM bicycle ergometer with measurements ob- 
tained during the fourth minute of steady state exercise. 
The level of this exercise always increased the oxygen con- 
sumption more than 2 but less than 4 times that of the 
resting metabolic rate. 

Each patient performed a standardized multistage exer- 
cise test on a Quinton, model 1849C, motor-driven tread- 


mill. The exercise was performed 1 day before cardiac 
catheterization invan air-conditioned facility constructed 
for physiologic studies. The temperature was maintained 
between 24 and 26 C and the humidity between 40 and 60 
percent. The patients were studied in the postabsorptive 
state. After each patient was familiarized with the equip- 
ment andthe procedure, he began walking on the tread- 
mill belt at a speed of 1 mile/hour on a level grade. This 
procedure was followed by walks of 1.5 and 2 miles /hour 
on a level grade. Subsequent changes of speed and slope 
were designed to increase the work load by approximately 
1 multiple of the resting metabolic state. Three minutes 
of walking were interspersed with 3 minutes of rest. Arte- 
rial blood pressure, heart rate, minute ventilation, oxygen 
consumption and carbon dioxide production were mea- 
sured during standing rest. and during the last minute of 
each work load. Arterial pressure was measured by the 
auscultatory technique; heart rate was recorded from a bi- 
polar electrocardiographic lead having the configuration of 
precordial lead V5(CMs); inspired minute ventilation was 
measured with a 120 liter Tissot. spirometer; oxygen con- 
sumption in expired air was measured with a Beckman F3 
paramagnetic oxygen analyzer and carbon dioxide with a 
Beckman 215A infrared analyzer, The expired gas for 
analysis was collected during the last 30 seconds of each 3 
minute exercise. 

The objective of testing was to achieve maximal or near 
maximal exercise performance; therefore, each patient 
was encouraged to progress to a subjective point of ex- 
haustion, or to the level of work at which a limiting sign 
or symptom occurred. 


Results 


Exercise test: The average oxygen consumption 
at standing rest for the entire group was 4.1 ml/kg 
per min + 1.3 SEM. The external oxygen cost of 
walking at 1, 1.5 and 2 miles/hour on a level grade 
differed only slightly among patients (Fig. 1). Each 
additional increment in work load increased the oxy- 
gen consumption at least 1 metabolic equivalent 
above that of supine rest (3.5 ml/kg per min). The 
mean values of oxygen consumption per kilogram of 
body weight at each new level of energy expenditure 
were very close to the meastirements obtained in 
presumably healthy subjects’ performing comparable 
work loads in our laboratory. 

Patient grouping by exercise performance: 
The exercise studies were completed without any 
untoward event, and the patients were divided into 4 
groups on the basis of the peak oxygen consumption 
achieved (Table I). The most common limiting 
symptom reported by the subjects was shortness of 
breath, and this occurred particularly in patients 
with higher aerobic. capacities, who also commonly 
reported muscular fatigue. “Tiredness” was fre- 
quently a limiting symptom in subjects with a re- 
duced aerobic capacity and, on more detailed. ques- 
tioning, was usually explained as a combination of 
general weakness. and shortness of breath. Testing 
was interrupted in 2 instances because of ventricular 
tachycardia (Patients 3 and 22), in 2 instances be- 
cause of exertional dyspnea (Patients 32 and 41), 
and in 3 instances because of chest. pain. (Patients 


‘14, 27 and 38). Two patients were considered. poorly 
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TABLE | 
Clinical and Exercise Data in 4 Groups 
Rhythm 
; Age Height Weight Peak VO Peak Heart Rate saat a aE 
> Group no. (yr) inches) (kg) (ml/kg per min) (beats/min) NSR AF 
- 1 12 25.3 +: 3.6 67.9 1.1 68.1 -+ 4.3 32.5 2.7 167 -+ 4.1 12 
(15-51) (22-55) (152-188) 
2 10 38.8 = 3.5 67.1 1.5 62.2 -+ 3.2 18.6 + 0.6 164 +: 6.9 7 3 
(28-53) (16-21) (120-193) 
3 15 46.82: 2.7 65.5 + 1.0 56.8 + 2.3 12.7 + 0.4 41+ 9.7 4 11 
(29-63) (10-16) (94-187) 
4 6 51.0 +: 3.4 62.6 + 0.7 60.8 + 5.9 8.6 + 0.3 127 +: 10.4 1 5 
(35-60) (<10) (102-174) 








Figures in parentheses indicate the range for each group. 
* AF = atrial fibrillation; NSR = normal sinus rhythm. 


“motivated (Patients 9 and 10) and were not asked to 
exercise beyond their willingness to cooperate. Three 
patients exercised to exhaustion at work loads great- 
er than those in the protocol displayed in Figure 1 
(Patients 4, 7 and 11). Review of the data in & stud- 
“jes revealed a peak level of oxygen consumption sig- 
nificantly below (P <0.05) that expected for the 
© work load. It was thought that these results indicat- 

‘ed that a plateau in oxygen consumption had been 
». Yeached by these subjects (Patients 15, 16, 20, 22, 26, 

: 80, 36 and 37). 

The subject groups were characterized as follows 
(Table I): 

Group 1; Twelve patients completed the exercise 
test at least through stage VII and had a peak oxy- 
gen consumption of 22 ml/kg per min or greater. All 
: patients had sinus rhythm, and 7 had congenital le- 

‘sions that imposed little apparent hemodynamic im- 
pairment. 

Group 2: Ten patients achieved a peak oxygen 
consumption between 16 and 22 ml/kg per min. All 
‘completed at least stage IV of the test and 4 of the 
10 (Cases 15, 16, 20 and 22) completed stage VII but 
had an oxygen consumption significantly less than 
that expected at this work load (P <0.05). Patients 
_ with valvular disease had lesions classified as mild to 
moderately severe by cardiac catheterization tech- 
niques. 

Group 3: Fifteen patients had a peak oxygen con- 
sumption between 10 and 16 ml/kg per min. All of 
¿them completed stage HI, but only 2 patients (Cases 
26.and 30) were able to complete stage IV. These lat- 
ter patients had an oxygen consumption significantly 
less than that expected during stage IV (P <0.05). 
All patients with valvular heart disease in this group 
had lesions that were quantitated as moderately se- 
vere to severe by cardiac catheterization studies. 

Group 4: Six patients were unable to achieve a 
peak oxygen consumption in excess of 10 ml/kg per 
min. Five of the 6 had multiple valvular lesions with 
at least 1 lesion quantitated as severe on review of 
the catheterization data. The sixth patient had a se- 
vere, localized obstruction of the left anterier des- 
cending coronary artery; he experienced chest pain 


and ischemic S-T segment depression of 1.5 mm 
while walking at a rate of 1 mile/hour on a level 
‘grade. Only 1 patient in this group was able to walk 
at a speed of 2 miles/hour on a level grade for a total . 
duration of 3 minutes. i 
The patients in Group 1 had a mean age of 25.3 +. 
3.6 years; those in Groups 2, 3 and 4 had a mean age © 
of 38.8 + 3.5, 46.8 + 2.7 and 51.0 + 3.4 years, re- 
spectively. All patients in Group 1; 7 of 10 in Group. 
2; 4 of 15 in Group 3 and 1 of 6 in Group 4 had nor- 
mal sinus rhythm. The remaining patients had atrial 
fibrillation. The patients in Groups 1 and 2 achieved. 
near maximal heart rate values of 167 + 4.1 and 164° 
+ 6.9 beats/min, respectively. The peak heart rates 
measured in Groups 3 and 4 decreased significantly 
to 141 + 9.7 and 127 + 10.4 beats/min, respectively. 
The mean peak heart rate recorded in patients with 


normal sinus rhythm in Group 2 was 160 beats/min. ` a 


A single subject in Group 4 had normal sinus 
rhythm, and he attained his level of physiologic limi- 
tation at a heart rate of 102 beats/min. This de- 
crease in peak heart rate in patients in Groups 3 and 
4 probably reflects the influence of both the aging 
process and the worsening of cardiovascular status. 

Correlations with catheterization data: The 
correlations between groupings by peak oxygen con- 
sumption achieved during the exercise test and the 
mean left ventricular end-diastolic pressure (Fig 2), 
‘cardiac index (Fig. 3) and stroke volume index (Fig. 
4) measured at rest during cardiac catheterization 
were statistically significant (P <0.01). The cardiac 
index and stroke volume responses on exercise also 
correlated with the groupings by peak oxygen con- 
sumption (P <0.01). The changes indicate that 
subjects classified in Group 2 or 3 on the basis of im- 
paired exercise tolerance had significant myocardial 
dysfunction. 

Correlation of functional classification with 
peak oxygen consumption: Thirty-two instances of- 
agreement. (74 percent) and 11 instances of disagree- 
ment (26 percent) were recorded between the ratings 
with treadmill exercise and the assessment of func- 
tional class by 2 physicians who utilized the New 
York Heart Association criteria (Fig. 5). If the crite- 
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FIGURE 2. Left ventricular end-diastolic pressure (LVEDP) at 


rest (closed circles) and on exercise (Ex) (open circles) with 
mean values and 95 percent confidence intervals (when suffi- 
cient data are available for each group). The value for LVEDP 
was higher in the patient groups with reduced performance ca- 


pacity. 


ria for Group 1 were increased to an aerobic capacity 
in excess of 24 ml/kg per min, 1 patient considered 
to have functional class II disease would be excluded 
from Group 1 and 1 subject previously considered to 
have functional class 1 disease would be placed in 
Group 2. The disagreement in Group 4 indicates the 
rather severe limitation possessed by some patients 
often considered to have functional class III rather 
than class IV disease. Although the overall correla- 
tion between the treadmill test and clinical appraisal 
was significant (P <0.01 and r = 0.84), there was in- 
creasing disagreement as the impairment became 
` more severe. 

Two marked discrepancies that were definitely ob- 
served illustrate the potential value of the “function- 
al evaluation.” Patient. 42, initially classified as hav- 
ing functional class II disease, worked more than 40 
hours a week as a seamstress and had an excellent 
employment record. She lived alone and managed all 
her household tasks with few symptoms. The results 
of the exercise test indicated that her working capac- 
ity was more severely reduced than the rating of her 

. functional class suggested. Further review of her his- 
tory revealed that she seldom left her bench at work; 
always took a taxi a distance of less than 300 yards 
to and from her job; and meticulously parceled out 
her household duties to avoid undue exertion. The 
cardiac catheterization study indicated severe steno- 
ses of the aortic and mitral valves. Both valves were 
successfully replaced, and she made an uneventful 
recovery. Patient 1, who had been aware of a heart 
murmur for several years, had symptoms of dyspnea 
on exertion sufficient to warrant his changing jobs. 
He. finally stopped working several weeks before his 
referral for cardiac catheterization. His aerobic ca- 
pacity appeared normal for his age, and only a slight 
gradient was measured across the mitral valve. He 
was apparently reassured by these results and re- 
turned to his original job. 


» 
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FIGURE 3. Mean values and 95 percent confidence interval 


(when significant data are available) for cardiac index at rest 
(closed circles) and on exercise (Ex): (open circles) for patients 
grouped by peak oxygen consumption values. Cardiac index was 
reduced in the patients with reduced performance capacity. 


When less marked discrepancies were recorded be- 
tween the 2 methods of evaluation, review of the 
catheterization data tended to lend more credence to 
the degree of functional disability estimated by the 
exercise test than by the historical criteria. For ex- 
ample, Patients 26 and 30 had moderately severe 
hemodynamic derangement at cardiac catheteriza- 
tion, but had been previously classified as having 
functional class II disease by the 2 examining physi- 
cians. This was an overestimate in terms of the pa- 
tients’ aerobic capacity, and the finding of a pla- 
teauing in oxygen consumption in both patients sug- 
gested that they had an ability to endure symptoms 
of discomfort. 


Discussion 


The results of our study indicate that it is possible 
to classify cardiac impairment into 4 groups, 
physiologically as well as clinically, and that in gen- 
eral the clinical evaluation will correspond to that of 
the exercise test. Blomquist? recently reported, in a 
review of exercise testing results in patients with 
atherosclerotic heart disease, that an objective eval- 
uation utilizing the determination of the capacity for 
physical performance provides necessary information 
for advising patients about occupational activity. 
However, there is a virtual absence of information 
that enables a physician to judge the level of reduced 
working capacity at which the patient becomes 
symptomatic. The results reported in our study add 
another dimension to patient evaluation and indi- 
cate that the information can be used as a base line 
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"on exercise (Ex) (open circles) with mean values and 95 per- 


cent confidence intervals (when sufficient data are available) 
-. for each group: The mean value tended to decrease with a re- 
“duction in performance capacity. 





LS from which to determine the adequacy or magnitude 
-of a patient’s management whether it be pharmacolo- 
gic, physiologic or surgical. Patients with cardiac 
_ disease who had a work capacity of 22 ml O2/kg per 
min or greater had sufficient reserve to perform rou- 
tine physical activity and were symptom-free. The 
ee patients with a working capacity of 16 ml/kg per 
- min or less had evidence of decreased myocardial re- 
< serve both clinically and at cardiac catheterization. 
_ It is apparent that as long as a patient’s level of fit- 
_ hess or cardiovascular reserve exceeds 16 ml/kg per 
< min he will be relatively symptom-free. 

-< The multistage exercise test described here differs 
slightly from some others in that its initial work 
loads are minimal, and each added increment is rela- 
tively small. If the initial external oxygen costs are 
--too great, it is not possible to refine the cardiac eval- 
uation as was done in this study. Our test was de- 
signed to maintain as ideal a relation as possible be- 
tween the speed of walking and the slope of the 
treadmill bed. Therefore, once a patient negotiated 
stage V (2.0 miles/hour, 7 percent grade) the speed 
was increased slightly to 3.0 miles/hour and the 
slope lowered to 5 percent. In this way, the external 
oxygen cost was increased without causing the pa- 
tient excessive or undue. muscular fatigue because of 
too rapid a walking speed or too steep a slope. This 
test is time consuming, and therefore may rot be 
practical in the usual clinical situation. However, the 
protocol can be modified by making the test contin- 
uous and by shortening the duration of work at each 
stage from 3 minutes to 2 minutes. It is important 
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FUNCTIONAL CLASSIFICATION. NYHA, Criteria) 


FIGURE 5. Correlation of New York Heart Association 
(NYHA) functional classification with peak oxygen consumption 
(n= 43; r = 0.84; P <0.001). STPD = standard temperature and 
pressure, dry, that is, 0 C and 760 mm Hg. : 


that the principles of the testing procedure be ad- 
hered to and that the points of separation be main- 
tained. In addition, bicycle ergometry and step tests 
can be designed to achieve similar work loads. Since 
the external cost of treadmill work in milliliters of ` 
oxygen per kilogram per minute was similar in pa- 
tients with cardiac disease and healthy subjects it is 
not important to measure oxygen intake for clinical 
purposes. 

Work physiologists have termed the relative in- 
crease in work over rest as METS. A MET repre- 
sents the oxygen intake per kilogram of body weight 
at supine rest, and its mean value usually approxi- 
mates 3.5 ml/kg per min. The standing MET rate 
approaches 4.0 ml/kg per min or, as in our study, 4.1 
ml/kg per min. In our study each stage of work 
above stage II increased the oxygen cost 3.5 ml Oz or 
approximately 1 MET; for example, stages I, II, and 
M approximated 2 METS, and stages IV through X 
approximated 3, 4, 5, 6, 7, 8 and 9 METS, respec- 
tively. In the usual clinical situation a multistage 
test with a capacity for inducing these levels of phys- 


ical effort is usually sufficient since the average 


healthy middle-aged man will achieve a near maxi- 
mal performance at a level of 8 to 11 METS4-5 de- 
pending on his age and physical condition. There- 
fore, when testing a defined patient population, it is 
highly unlikely that any patient will have a work ca- 
pacity in excess of 9 METS unless they have been in 
a physical conditioning program. In our experience, 
symptomatic patients usually have a working capac- 
ity well below 9 METS. 

The results of this study indicate that a relation 
exists among functional cardiovascular status, age 
and peak heart rate attained. Patients in Groups 1 
and 2 were younger and achieved near maximal lev- 
els of heart rate. Those in Groups 3 and 4 were older 
and had a peak heart rate of 141 + 9.7 and 127 + 
10.4 beats /min, respectively. 
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paring the hemodynamic. data with the maximal ox- 
ygen consumption achieved, a correlation between 


increasing “abnormality” with increasing limitation 


in exercise tolerance is apparent. Estimation of thè 
hemodynamic relations within classes- of individual 
valvular lesions was precluded in our study by the 
limited number of patients. ~ 

The patients were asked to exercise to the point at 
which they thought they would usually terminate 
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Although the heterogenicity of cardiac lesions 
present in these 43 patients limits the value of com- 
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physical. effort; this request was designed: to insure 
that their performance would be indeed symptom- 
limited rather than motivationally limited. Eight (18 
percent) of these patients achieved a plateau in both 
oxygen consumption and peak heart rate, thus indi- 
“cating that the motivation of the group as a whole i 
was probably good. Despite the near maximal aero- 
bic demands imposed by the procedure, the patients E 
tolerated it well. We attribute this outcome in large 
part to the design of the exercise test protocol and toe. 
careful monitoring during the e procedure. 
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. cise test were older (average 50 years) than those with a negative exercise 
test (average 41 years). The incidence of positive exercise tests was higher 








The exercise electrocardiograms and coronary arteriograms of 119- 
patients were examined to evaluate the significance of dysrhythmias | 
associated with exercise testing. The overall incidence of dysrhyth- 
mias before, during and after exercise was 19 percent. The frequen- 
cy of dysrhythmias was greater (26 percent) in patients with a posi- 
tive exercise test than in patients with a negative exercise test (11. 

percent). The results of the exercise tests were correlated with cor- 
onary arteriographic findings to detect false positive and false neg 






the 2 groups. We conclude that dysrhythmias associated with exer- 
cise testing should raise the index of suspicion of underlying coro- 
nary artery disease but should not be used as a criterion for a posi- 
tive test. LUE gh 









agnosis of coronary insufficiency. Its use in the diagnosis of coronary 
heart disease has been widespread since Master et al.1 studied the 
electrocardiogram obtained after performance of the standard 2-step 
test of Master and Oppenheimer.? Recently, Doan and others have 
carried out submaximal and maximal exercise testing using a tread- _ 
mill. Although there is general agreement on the ST-T changes re- 
quired for a positive test, controversy remains on the significance of © 
dysrhythmias occurring in exercise testing. Our study compares the 
incidence of cardiac dysrhythmias during exercise testing with the 
severity of coronary arterial narrowing demonstrated by selective 
coronary arteriography. 


Methods 


The study group consisted of 119 consecutive patients aged 12 to 65 years. 
The subjects underwent exercise stress testing and coronary arteriography 
between June 1965 and November 1970 at the University of Minnesota 
Health Sciences Center. All patients were evaluated because of symptoms 
suggestive of coronary insufficiency with 2 exceptions: One boy aged 12 and 
another aged 13 underwent exercise testing and coronary arteriography as 
part of a study performed in family members of patients with hyperbeta- f 
lipoproteinemia. Coexisting heart disease (congenital, valvular or pericardial . 
disease) was not suspected in any of the 119 patients. Patients with a meta- © 
bolic abnormality other than disturbed lipid transport and those receiving 
digitalis therapy were excluded from the study. ay 

The age and. sex: distribution of the 119 patients in the study is shown in 
Table I; 84 were male and 31 female; the average age was 46 and 43 years, 
respectively. The average age of all subjects studied was 44 years and was 
equivalent for both types of exercise testing. Patients with a positive exer- 


in male (61 percent) than in female (20 percent) subjects. 
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CARDIAC DYSRHYTHMIA 


e Exercise testing: Fifty-three patients. performed 2- 

~ step double tests using the method of Master et al.* and 
66 performed treadmill maximal exercise tests by the 
method of Doan et al.* A single monitoring lead. was re- 
corded at 30 second. intervals during exercise testing. In 
addition to the monitoring lead, each patient had a con- 
ventional 12 lead electrocardiogram recorded on a 6 chan- 
nel direct-writing oscillograph. before and immediately 
after exercise and at 1, 2, 4, 6, 8 and.10 minutes after ex- 
ercise. Patients whosé postexercise electrocardiogram did 
not return to pre-exercise levels within 10 minutes were 
observed for longer periods. 

The exercise electrocardiogram was interpreted as posi- 
tive when there was horizontal S~T segment depression of 
1 mm or more during or after exercise. The exercise elec- 
= trocardiograms were examined for the presence of dys- 
= rhythmias before, during and after the stress of exercise. 

- Dysrhythmias were classified according to origin (atrial, 
junctional or ventricular) and frequency (single, multiple 
or repetitive). Extrasystoles separated by intervals of 
sinus rhythm were termed multiple; premature beats fol- 
lowing each other in close proximity were considered re- 


__., petitive extrasystoles. 


Coronary arteriography: All patients underwent se- 
lective coronary arteriography by means of the Amplatz 

“technique.* The injected coronary arteries were recorded 
on a cut-film changer in at least 2 projections. The coro- 
nary arteriograms were graded as previously reported.>-6 
The degree of luminal narrowing was noted for each of the 


-COA arterial segments: the right, left main, left anterior de- 


scending and left circumflex coronary arteries. Each coro- 
nary artery was graded according to its greatest degree of 
lumen narrowing as follows: 25 percent or less narrowing 
1+, 50 percent or less narrowing 2+, narrowing greater 
than 50 percent 3+, and total occlusion 4+. If there were 
“no demonstrable areas of narrowing, the artery was con- 
sidered normal (grade 0). 

A “coronary disease score” was computed to define the 
total degree of coronary artery disease. Narrowing of an 
` artery graded 3+ was assigned a score of 3, and complete 
occlusion was assigned a score of 4. The total coronary 
disease score for each patient was calculated by adding 
grade 3 and 4 lesions of the individual coronary arterial 
segments. Thus, a patient with complete occlusion of the 


-> right coronary artery (score 4) and 75 percent occlusion of 


the left anterior descending coronary artery (score 3) had 


= a total coronary disease score of 7. Grade 1 and grade 2 


arterial narrowings were not used in calculating the coro- 
nary disease score because they are thought not to pro- 
duce significant hemodynamic alterations. 

The results of exercise testing were compared with the 
presence of segmental narrowing on coronary arteriograms 
to obtain the incidence of false positive and false negative 


> exercise tests. A negative exercise test was considered 


falsely negative if any coronary artery had more than 50 


=> percent segmental narrowing. If there was less than 25 


percent segmental narrowing in the presence of a positive 
exercise test, the test was considered falsely positive. 


Results 


The results of exercise stress testing and coronary 
arteriography are shown in Table Il. Thirty-seven of 
66 treadmill tests and 21 of 53 double 2-step tests 
were positive. As expected, the average coronary dis- 
ease score in both forms of exercise testing was much 


. 
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TABLE I 


Results of Exercise Test Related to Age and Sex 

















Male Subjects Female Subjects 
Age Age 
Test no. Mean Range no. .-Mean- Range 
Treadmill ; 
Positive 33 49.7 (34-65) 4 41.7. 825) 
Negative 16 37.6 (25) B 42. (21-59) 
Total 49 ss ie 17 
2-Step 
Positive 18 50 (37-60) 3 51 (41-59) 
Negative 17 4.8  G0-55) 15 41.9 (34-53) 
Total 35 ade Pres 18 
TABLE Il 
Results of Exercise Tests Correlated with Coronary 
Arteriographic Findings 
Average 
Exercise Tests no. CHD Score | 
yn Sn See a Sa a a a alae cc tno 
Treadmill 
Positive 37 7.0 
Negative 29 1.2 
2-Step 
Positive 21 71 
Negative 32 1.8 
Total 119 4,2 


anenai aa. 


CHD = coronary heart disease. 


TABLE III 
Incidence of False Positive and False Negative Exercise Tests 








no. With 
Tests False Results Single 
. “soli ano Pres Vessel . 
Type no. no. % Disease o 
Treadmill 
(+) 37 2 5.4 0 
(-) 29 7 24.0 4 
2-Step 
(+) 21 2 9.5 0 
(-) 32. 11 34.0 5 





higher in subjects with positive tests’ than in those 
with negative tests.?°5 eee ee 

Seven patients with negative treadmill tests (24 
percent) and 11 patients with a negative double 2- 
step test (34 percent) had greater than 50 percent 
segmental narrowing of at least 1 coronary artery; 
these were considered false negative tests (Table II). 
Half of the patients with false negative results had 
single vessel disease. False positive results were 








TABLE IV 
Incidence of Dysrhythmias in Exercise Tests 
















Arrhythmi 
Total ae MIE 4 Chi Square 
Test Tests no. % . Test 
‘Treadmill 
os Positive 37 12 32 
‘Negative 29 4 14 
Totals 66 16 25.7 NS 
2-Step , 
Positive 21 3 14 
‘Negative 32 3 9 
Totals 53 6 11 NS 
hythmias 


: Types of Dysr 


CARDIAC DYSRHYTHMIAS AND EXERCISE TESTING—ANDERSON ET AL. 











APC = atrial premature contraction; PVC = premature ven- 


_ tricular contraction. 






-Exercise Deiter CHD 
o Test Type Timing Score 
Treadmill 
Positive Single APC with aberrant After ll 
A conduction 
Sinus arrest After 12 
Repetitive APC's After I 
Single APC After 7 
Single APC Before See 
APC and PVC During and after 3 
APC and PVC At rest aisha 
Multiple PVC’s During and after 10 
Single PVC During 6 
Multiple PVC’s After 7 
Multiple PVC’s After 8 
Multiple PVC's After 7 
Multiple PVC’s During and after 7 
: Single PVC During and after ... 
coos: Negative Single PVC During 0 
ae Single PVC After 0 
Bigeminy After 0 
ee 3 PVC's in succession After 3 
o 2Step 
Positive Single PVC After 8 
a Single PVC Before 4 
en Single PVC After 12 
<= Negative Repetitive unifocal PVC's Before 8 
; Repetitive unifocal PVC’s After 0 
Single PVC After 0 


much less common: 5.4 percent in patients taking 
the treadmill and 9.5 percent in those performing the 
double 2-step test. 
=> The incidence of dysrhythmias in subjects with 
-positive and negative exercise tests is seen in Table 
: IV. The overall incidence of dysrhythmias in the 
study was 19 percent. The incidence of dysrhythmias 
in the double Master test alone was 11 percent. Dys- 
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rhythmias were most. common in subjects with a 
positive response to exercise. Patients with a positive | 
treadmill test had a 3-fold higher incidence of dys- 
rhythmias than patients with a negative response. 
The chi square test was used to evaluate the statisti- 
cal significance of the result of exercise testing and 
the dysrhythmias present. There were no differences 
of statistical significance in the treadmill test or 
Master test, or when the totals of both tests were 
combined. 

The type and timing (before, during or after exer- 
cise) of the dysrhythmias encountered and the coro- 
nary disease score of the individual patients are 
shown in Table V. Supraventricular dysrhythmias 
occurred only in patients with positive responses to 
the treadmill test. Premature ventricular contrac- 
tions were seen in patients with positive and nega- 
tive responses but were more common in. the former, 
Most of the dysrhythmias occurred after rather than. 
during exercise regardless of the coronary disease 
score or the result of exercise testing. 

There were no life-threatening dysrhythmias in 
this study, thus indicating the safety of exercise test- 
ing. The most disturbing dysrhythmias were precipi- 
tated by exercise in subjects with negative treadmill 
tests. Ventricular bigeminy was seen in a woman 
with a normal coronary arteriogram. Repetitive pre- 
mature ventricular contractions, 3 in a row, occurred 
in a 12 year old boy who had hyperbetalipoproteine- 
mia and 3+ narrowing of the right coronary artery. 


Discussion 


Reported criteria for a positive response to exercise 
testing include the following®: (1) horizontal S~T 
segment depression of 1 mm or more; (2) negative U 
waves; (3) atrioventricular conduction defect; (4) 
transient bundle branch block; and (5) dysrhythmias 
(bursts of ectopic beats, ventricular tachycardia and 
ventricular fibrillation). The downward shift of the 
S-T segment is the most reliable of these criteria in 
predicting the presence of “coronary insufficiency.”’7 
The presence of dysrhythmias was considered a cri- 
terion for a positive Master 2-step test in several 
early reports.1.9 However, later reports advised cau- 
tion in the use of dysrhythmias in interpreting the 
test.1°-11 Master and Rosenfeld1? concluded that the 
presence of dysrhythmias did not constitute a posi- 
tive result in the Master 2-step test. Coronary arter- 
iography was not performed in these studies, and the 
diagnosis of coronary disease was based on clinical 
observations and the presence of S-T segment 
changes only. 

Mann and Burchell,19 in reviewing the subject of 
dysrhythmias in exercise testing, concluded that pre- 
mature ventricular contractions precipitated by the 
Master 2-step test are usually indicative of coronary 
insufficiency. In their series, patients with premature. 
ventricular contractions before exercise were less 
likely to have clinical evidence of coronary heart dis- 
ease. Berkson et al.14 found no relation between iso- 
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lated premature ventricular contractions and the 
presence of S-T segment depression during treadmill 
exercise. Premature ventricular contractions that 
were multiple or multifocal were associated with S-T 
segment depression in 2 cases. 

In several studies, no correlation was found be- 
tween the occurrence of S-T segment depression 
during exercise testing and dysrhythmias. Premature 
ventricular contractions were found with equal fre- 
_ quency in positive and negative responders to the 
Master 2-step25 and treadmill tests.1® Lester et al.1” 


- noted 2 patients with supraventricular tachycardia 


and 2 with ventricular tachycardia during treadmill 
exercise testing. All had normal S-T segments and 
no clinical evidence of coronary insufficiency. Lamb 
and Hiss18- concluded that no assumption could be 
made on the basis of dysrhythmias without clinical 
evidence of coronary disease. 

Correlation of dysrhythmias, results of exercise 
testing and coronary arteriography: The signifi- 
cance of dysrhythmias during exercise testing is bet- 


ter assessed when exercise testing is correlated with 


coronary arteriographic findings rather than clinical 
observation alone because of the frequency of false 
results in exercise testing. The presence and degree 
of coronary artery disease are uncertain when dys- 
rhythmias in exercise testing are related to S-T seg- 
. ment changes and clinical observations without coro- 
nary arteriography. Most et al.1® found a 42 percent 
incidence of false negative results when comparing 
coronary arteriograms with S-T segment changes 
during the Master 2-step test. Single-vessel occlusive 
disease was not likely to cause a positive exercise 
test. Demany et al.2° found 10 false positive and 24 
_ false negative tests in 75 patients evaluated with the 
«double Master test and coronary arteriography. The 
incidence of false negative tests was 30 percent in a 
study correlating maximal exercise testing with coro- 
nary arteriography.2! Previous studies relating dys- 
rhythmias to positive or negative exercise tests on 
the basis of S-T segment depression alone must be 
looked at skeptically because of the incidence of false 
results. We believe that coronary arteriography is a 
better means of relating dysrhythmias associated 
with exercise testing to coronary artery disease. 
¿Using the coronary arteriogram to set the standard 
for the presence or absence of coronary disease will 
give accurate results for the majority of patients with 
classic coronary atherosclerosis; however, the method 
will prove inaccurate for those with unusual causes 
of coronary insufficiency such as “small vessel dis- 
ease” or the syndrome of myocardial ischemia or in- 
farction associated with normal coronary arterio- 
grams. 

. The overall incidence of dysrhythmias was 19 per- 
cent in the 119 patients in-our study. Dysrhythmias 
were most common in patients responding positively 
to maximal exercise, and the frequency of dysrhyth- 
mias was slightly higher in patients with positive re- 
sponses to the Master test than in those with nega- 
tive responses. There were no statistical differences 
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when the data were evaluated using the chi square 
test. This finding is in agreement with the observa- 
tions of Berkson et al.14 and others,15-16 who found 
no association between S-T segment changes during 
exercise testing and dysrhythmias. The. dysrhyth- 
mias in the study of Berkson et al. were usually sin- 
gle premature ventricular contractions, whereas our 
patients with positive responses to maximal exercise 
tended to have supraventricular dysrhythmias. The 
frequency of supraventricular dysrhythmias in our 
study may indicate impaired left ventricular perfor- 
mance during maximal exercise leading to left atrial 
overload resulting in supraventricular dysrhythmias. 
The higher incidence of dysrhythmias in the tread- 
mill test (26 percent) compared to the incidence in ` 
Master test (11 percent) may indicate the induction 
of dysrhythmias during maximal stress regardless of 
the presence of coronary heart disease. 

The timing of the dysrhythmias (before, during or 
after exercise) did not differ in subjects with a posi- 
tive or negative response to either form of the exer- 
cise test. The majority of the dysrhythmias occurred 
during and after exercise regardless of S~T segment. 
changes or the presence or absence of coronary heart 
disease on coronary arteriograms. ues 

Significance of dysrhythmias in patients. with a 
negative responses to exercise: Dysrhythmias | 
were also evident in subjects with a negative respor a 
to exercise testing, 4 with a negative treadmill test | 
and 3 with negative Master test. One patient with | 
a negative response to the treadmill test and repeti- 
tive premature ventricular contractions precipitated 
by exercise had 75 percent narrowing of the right 
coronary artery. In another patient with a negative ` 
response to treadmill testing, bigeminy developed , 
with no evidence of coronary arterial narrowing on 
arteriograms. Lester et al.17 reported 2 cases of ven- 
tricular tachycardia precipitated by treadmill exer- 
cise in patients with no S~T segment changes or his- 
tory suggestive of coronary heart disease. This find- 
ing suggests that the presence of dysrhythmias in the 
absence of the S-T segment criterion for a positive 
test cannot be interpreted as indicating underlying _ 
coronary disease. However, since dysrhythmias were 
more common in patients with positive exercise: tests 
and abnormal coronary arteriograms, their presence _ 
should increase the index of suspicion of coronary ar- > 
tery disease. When a single monitoring electrocardio- 
graphic lead is used in the exercise test, we suggest: 
repeating the test using alternate lead placement. In 
our study, a conventional 12 lead electrocardiogram _ 
was recorded simultaneously before, and at intervals = 
after, exercise. oe 

The number of false positive and false negative ex- : 
ercise tests on the basis of coronary arteriography 
was similar to that in previous reports.1®21 The ad- 
dition of dysrhythmias as a criterion for a positive 
test would not have changed the overall percentage 
of false positive and negative results and thus had no 
predictive value greater than that of the S-T seg- 
ment changes in this study. 
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"Divergent Effects of Antihypertensive Therapy 
on Cardiovascular Responses and Left Ventricular 
‘Function During Upright Exercise 


Maximal oxygen intake (defined by the highest value observed) dur- 
ing upright exercise increased (P <0.05) in 16 patients with essen- 
tial hypertension but not in 27 of 50 slightly younger, asymptomatic 
Negro male workers with high blood pressure. Antihypertensive ther- 


apy reduced resting blood pressure (P <0.001) in all and decreased. ty 


pressure at maximal exercise in workers (P <0.001); but duration of 
multistage treadmill exercise increased significantly (P <0.001). only 
in patients. Hemodynamic studies at rest and at graded levels of | 
submaximal exercise on a bicycle ergometer in 15 untreated volun- _ 
teers (8 patients and 7 workers) revealed reduced cardiac output 
and asymptotic relation to oxygen intake in untreated patients. Dur- 
ing effective antihypertensive therapy, both systemic and pulmonary 
arterial mean pressure levels were slightly lower (P <0.001) at rest 
and during submaximal exercise. In patients, cardiac output at high- 
er work loads increased as noncongestive left ventricular failure was 
corrected and left ventricular function improved with treatment. In 
untreated workers, acute reduction of blood pressure with nitroglyc- | 
erin increased maximal oxygen intake (P <0.001) but was ineffect- 
ual during antihypertensive therapy. 

In conclusion, antihypertensive therapy reduces pressure and im- 
proves ventricular function, but only when hypertension is complicat- 
ed by clinical manifestations of disease and noncongestive heart fail- 
ure occurs with exertion. Lesser elevations of the level of blood 


pressure in asymptomatic persons can be modified by drug therapy, Be 


but exercise capacity is not improved. 


Since administration of nitroglycerin improves work capacity and 
cardiovascular performance of patients with coronary disease, ! we 
considered evaluation of the effects of chemotherapy on hypertensive 
patients important. Patients with established hypertension, referred. 


for treatment, and asymptomatic healthy workers with increased _ 
blood pressure were tested in the course of antihypertensive therapy ©- 


for changes in maximal oxygen intake and hemodynamic responses 
to. graded levels of upright exercise. Protection against congestive | 
heart failure, as reported in clinical studies,? was noted. Since elec- 
trocardiographic manifestations of myocardial ischemia were more 
frequent, the possible relation to. myocardial infarction as a compli- 
cation of otherwise successful treatment emerges.? 


Material and Methods 


Table I shows the physical and: circulatory characteristics of 16. clinical 
patients referred for treatment: and studied by Dr. EBleady-Cole. These sed- 











TABLE | 


Basis for study 


` Blood pressure-at rest 
- |. (criteria for admission) (mm Hg) 
Age (yr) 
Weight (kg) 
< Grade HKW) retinopathy {no.) 
oo LVMH by. ECG (no.) 
¿= Mean resting values (sitting) 
Heart rate (beats/min) 
Systolic pressure (mm Hg) 
Diastolic pressure (mm Hg) 
< Mean values during multistage treadmill test 
“Stage l 
Heart rate (beats/min) 
Systolic pressure (mm Hg) 
~ Maximal stage 
Heart rate (beats/min) 
Systolic pressure (mm Hg) 
Diastolic pressure (mm Hg) 
Pressure-rate product/100 
Change in heart rate (beats/min) 
_ Change in systolic pressure (mm Hg) 
Vo,max, {ml/(ke-min)] 
Duration (sec) 
ee . Functional aerobic impairment (%) 





entary hypertensive patients (11 men and 5 women of 50 
<+ 10 years of age) were considered to have benign essen- 
tial hypertension after clinical evaluation. There was no 
dence of any primary cause. The patients had no clini- 
ly etectable coronary heart disease, congestive heart 
stroke, varicose veins, significant obesity or diabe- 
ellitus, Initial resting blood pressure, which was re- 
ded as the median of 7 consecutive measurements ob- 
tained with a clinical sphygmomanometer, with diastolic 
pressures defined by fifth Korotkoff sound, averaged 172/ 
< 113 mm Hg. Dr. George Aagaard, the attending physician, 
< defined the “optimal therapy” as the therapeutic regi- 
-men required to reduce blood pressure and restore a feel- 
- Ang of well-being without untoward symptoms, especially 
those due to orthostatic hypotension. The drugs used in- 
luded hydrochlorothiazide or chlorothiazide, reserpine, 
yl dopa and clonidine, individually or in combina- 
tion, in doses sufficient to lower blood pressure consistent- 
E dy. Some patients: were first studied after drug therapy 
and others before treatment, to avoid a systematic bias in 
the sequential tests. 
Right patients (aged 31 to 59 years, mean 48.9 + 11.1 
years) volunteered for additional hemodynamic studies. 
‘None had azotemia or more than grade 1 retinopathy. 
= F ting blood pressure averaged 161/107 mm Hg. Chest 
- roentg nogram revealed that 4 patients had slight cardio- 
< megaly. One had electrocardiographic evidence of left 
ventricular ypertrophy. 
g blood pressures of 260 Negro male employees of 
“the University of Washington and the Seattle Post Office 
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_ Physical and Circulatory Characteristics of Hypertensive Men Aged 24 to 64 Years 



































16 Patients 27 Workers 


Referred for Identified by 5 
treatment screening BP 
Systolic >150 Systolic. >160 
Diastolic >100 Diastolic >90 
50 + 10 46 + 10 NS 
72.3 -+ 12.9 82 15 NS 
3 (19%) 0 
1 (6%) 0 
82 + 18 80 + 16 NS 
172 +: 20 152 + 18 <00 
113 + 10 10+ 9 <0.001 
135 +: 21 134 + 17 
191 + 22 195 +: 28 NS 
160 = 23 172+ 17 NS 
212 + 23 220 +: 40 NS 
102 + 19 89+ 16 <0.05 
344 +: 60 375 +: 74 NS 
82 +: 31 92 +: 20 NS: 
48 4: 35 68 + 30 NS 
23.1: 5.7 29.7: 6.1 <O.01 
317 + 156 490 +: 116 <0.001 
34 + 20 17+ 13 <0.01 








= left ventricular hypertrophy. 


were screened by Dr. Bennett. Fifty subjects (19 percent) 
had hypertension, defined as a systolic pressure of 160 
mm Hg or more or a diastolic pressure of 90 mm Hg or 
more by fifth Korotkoff sound, or both, on 3 occasions, 
twice when they were sitting and once when resting. su- 
pine. Twenty-seven (54 percent) who voluntarily partici- . 
pated in this study had a mean age of 46 + 10 years anda 
mean resting pressure of 152/100 mm Hg (Table 1). Only 5 | 
had prior elevations of blood pressure level; 1 had prev 
ous antihypertensive therapy, but none was currently re- 
ceiving therapy. All were asymptomatic, without conges- 
tive heart failure, coronary disease, stroke, diabetes mel- 
litus or significant obesity. None had. azotemia, proteinur- 
ia, greater than grade 1 retinopathy or electrocardiograph- 
ic evidence of myocardial infarction. After undergoing | 
treadmill exercise to a point of maximal tolerance, the 
workers were randomly assigned to a “‘treatment” or “pla= 
cebo” subgroup. They were then treated for 3 months with 
hydrochlorothiazide, 50 mg daily, or, if clinical response 
was poor, hydrochlorothiazide. plus reserpine, 0.25 mg 
daily, was added before repeating the treadmill exercise 
test. Each subject was then assigned to the opposite regi- 
men for the next 3 months; and maximal exercise testing 
was repeated. Interim history, blood pressure measure- 
ments were obtained and fundoscopic examinations per- 
formed on each occasion of testing. 

All patients and workers performed a multistage tread- 
mill test of submaximal and maximal exercise to a level of 
“symptom-limited capacity”.* A bipolar CBs electrocardio- . 
gram was monitored with an oscilloscope and recorded — 

































TABLE II a 7 
_ Hemodynamic Characteristics Betor : and Dur 









i pertensive Therapy 






‘During Antihypertensive Therapy (no. = 















































- Before Antihypertensive Therapy (n0, = 8) 8) o =: 
Exercise ‘Rest Ea eee ea 3 Piat Rest oo Eo 2o oes PValuet 
ee A. Hypertensive Patients* : : ey ee ae es 
Work load (watts) «0s GS 8+1 104+ 16 0 37 B+ le 109419 2 
Vo, (ml/min) 315+ 23 823: 88 1443 + 107 1593 + 148 302+ 36 854- 67 1448 d 192 1548 247 NS 
% Vo, max +2 @t8 Wel 8l 15 az 3 +5 WtB Be <0.01 
Q (liters/min) 5.71.5 8.41.2 11.94 0.8 12.44 0.7 5041.2 910.9 13341.9 13.7424 NS 
a-v O, diff (ml/liter) 58414 99411 122410 12848 62: 8 +7 MEg M5410 <0.001 
SVM) 6411 7810 8+7 8448 591 Sit ll 9718 Sel 002 
HR (beats/min) 89+ 17 109+ 18 1440+16 150+ 16 +12 Me 138 21M 25 NS 
SA P (mm Hg) 13516 M5413 152411 158+ 10 +9 Gl Well MEL <0.01 | 
PA P (mm Hg) +3 2+3 315 3145 12 2 B3 Ws  M+6 <0.001 
Est LVEDP (mm Hg) 1022 14+2 2143 23 82 1+2 B5 M4 <00 
SV/PA 4.61.9 3.6406 2840.3 2.7404 Blt ll 4540.5 3841.0 4,040.5 <0.0001 
PR/100 118426 155+ 25 206431 234-4: 30 9946 IW7+20 188+ 38 206248 NS | 
SAR (dyne'sec cm~*) 1988 + 666 1375 -+ 341 988- 83 938 + 74 2554 +: 780 1425 +: 125 1103+ 132 10384 126 NS 
PAR (dyneseccm~) 2194:62 211+ 41 205+ 28 199= 30 197+ 40 «1604+ 28 165450 147433 ONS 
STs (ur) Lt: 58 —66 + 108 —122 + 141 —124 + 138 M+ 30 20445 dl 39 —61+ 53 NS 


B. Hypertensive Workers* 









Before Hypertensive Therapy (no. = 7) 

























During Antihypertensive Therapy (no. = 7) 















































Work load (watts) 0 54410 +19 125+ 31 0 55a 11 96 21 126: 31 5 
311 71 1088- 168 1620 +: 283 1838 + 430 292+ 48 1058 119 1497 = 255 1748+ 357 <0.01 
B3 4544 68 +: 8 76 + 9 12 + 2 443: 7 62 + 6 7245. NS 
Sib 2.1 10.4 2.0 13.24 3.2 14.44 3.6 4421.8 10.1 1.9 12.4 2.6 14.8429 <0. 
(P<0.5) vo 
63-11 105+9 123344 13043 5747 104 13 21+1 Re+ 12> 
l 6l 22 89+17  92+19 8417 69 +: 27 4+7 +18 Hew 
R (beats/min) 894+ 18 118+ 18 145+ 16 165+ 23 79413 1222 134422 162423 <0. 001. : 
SA P (mm Hg) "127+ 18 14528 158+ 19 166+ 13 1274+17 149422 161422 165+19 NS 
PAP (mmHg) W+3 2244 26 + 3 3l 6 14+ 3 25 + 3 26: 4 28+: 5 NS 
(P<0.04) 
Est LVEDP (mm Hg) +2 2043 24+ 2 275 13 2 22 +: 3 24+: 3 25 4 NS 
‘SV/PA 5.94 3.0 4.241.1 3641.0 2.84 6.8 Blt2.1 3.7405 3.6408 3340.7 NS. 
(P<0.01) (P<0.08) ES 
PR/100 11031 17148 229+ 43 272: 42 99+ 22 165432 212+ 26 24725 <0. 001 oe 
SAR (dyne sec cm~*) 2186 -+ 633 1147 +: 337 1014 + 289 964 +: 231 2658 + 1140 1214- 365 1093 359 10024298 NS 
AR (dyneseccm) 193-74 169+: 37 165447 176+ 41 223469 195+: 29 173446 170448 <0.02 
(P<0.01) Ea 
STs (uv) 46453 22343. —334+43 —594 59 60 + 56 54 54 —22 + 53 47: 58 = NS 
C.. Acute Effects of Nitroglycerin in Hypertensive Workers* 
Without Antihypertensive Therapy (no. = 5) With Antihypertensive Therapy (no. 5) 
Work load (watts) 60 141004: 20 131+ 32 55 11 86s: 21 “125 35 as 
Vo, (ml/min) . W124 212 1614+ 346 1943 450 NS 980: 230 1545 + 310 1823-410 NS 
% Vo, max 46 6 667 79 tt 5 NS Bed G07 oTa 2 NS: 
as S (P<0.05) 
diters/min} (10.342.4 13.043.5 4,523.6 NS 9.22.4 B. bt 3 0 u. 44 3 
«v O; diff (mi/liter) ULE 10 1647 13426 <O i 108+ 6 
V (mi) 7949 8719 BA 16  <0.02 “Wa a 
HR (beats/min) C7 RBO 160417 174214 <00 peu oo 
SÄ P (mm Hg) 133413 15012 155415 <0.01 128418 M620 1454 24 <0.001 
PAP (mm Hg) 16 5 21 3 2545. <0,001 WEA 2a BA 4 <0.001 
Est LVEDP 1643 20: 2 224. <0:001. “Abo ae a 2243 <0.001 
(continued) 
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TABLE i (continued) _ 


‘Before Antihypertensive Therapy (a0. = 8) 
Rest 1 2 3 





Exercice 


TENSIVE THERAPY. 


Hemodynamic Characteristics Before and During Antihypertensive Therapy 


E P Valuet 









During Antihypertensive Theran (no. = 8) 


Rest 1 2 3 i Valuet 










































3229 ~924 37 —33 + 87 


tion with and without nitroglycerin. 








directly. on paper at 1 minute intervals for immediate 
qualitative assessment of electrocardiographic changes. 
lagnetic tape recordings were subsequently averaged 
‘omputer for 100 consecutive S-T segment responses at 
lected intervals. Methods are recorded elsewhere.® One 
samples of expiratory air were collected during the 
to 4 minutes of exercise; oxygen intake was calcu- 
from the volume of expired air and concentrations of 
‘en, with and without absorption of carbon dioxide.+ 
Blood pressure was recorded with a clinical sphygmoma- 
nometer while the subject sat at rest before exercise, 21/2 
minutes later at the lowest work load of exercise (1.7 
m es/hour, 10 percent gradient), and immediately after 
al exercise, while sitting. After resting for 30 to 40 
minutes, most hypertensive workers were given nitroglyc- 
, 0.4 mg sublingually, and retested for possible changes 
diovascular performance. 

Eight patients and 7 workers participated in hemody- 
ic studies at rest and at graded levels of submaximal 
work loads on a bicycle ergometer. Right heart catheteri- 
zation. was performed: percutaneously with either a poly- 
-vinyl catheter or a Swan-Ganz catheter inserted into an 
| antecubital vein and advanced, with pressure monitoring, 
into. the main pulmonary artery.ë Another catheter was 
oduced percutaneously into either the radial or the 
rachial artery.. Zero pressure levels were adjusted to the 
wth intercostal space “at the mid-clavicular line ante- 
tiorly. Pulmonary and systemic arterial pressures were re- 
corded with Statham ‘pressure transducers, Honeywell 
carrier amplifiers and a.direct-writer oscillograph. Mean 
arterial pressure was derived by a second-order low-pass 
filter with a 0.16 Hz cut-off frequency. 

- Pressures and direct Fick cardiac output determinations 
obtained during the minute of rest and of upright 
cise at 43 and. 79 percent of individually measured 
nal oxygen intake in patients, and at 45, 68 and 76 
percent of maximal oxygen intake in workers, as described 
previously.” Work loads 1 and 2 continued for 5to 7 min- 
utes and work load 3 for 4 minutes. The subjects rested 
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4.2+1.0 3:64 1.0 2.8: 0.7 <0.001 3.94 LI 408 R06 NS 
f : (P<0,05) 
j ass Wit 48 224+ 34 268 + 23 NS 1554128 206 25 2294: 37  <0.01 
SA R (dyne secem) wat 1090 + 280 9854: 274 898+ 258 NS 1195 = 447. 905 + 291° 844.4 260 NS 
PA R (dyne: secem} 134449 139444 141446 <0.001 184-76 13844 MI 47 0.02 


== arteriovenous oxygen difference; HR = haart rate; LVEDP = 
r pulmonary arterial pressure; PA R = pulmonary-arterial resistance; PR = pressure-rate product (see text); Q = cardiac out: 
; SAP = mean systemic-arterial pressure; SA R = mean systemic-arterial resistance; STy = 
‘ nadir of S; SV = stroke volume; Vo, = oxygen consumption per minute. 





NS 20 4:27 15 2 25 | 12 + 84 NS 

























left-ventricular end-diastolic pressure; NS = not significant, 


S-T segment at 50 to 69 msec after 


for 20 minutes between the first. 2 work loads, and for 30 
minutes before the last work load. After resting another 
hour, the hypertensive workers received nitroglycerin, 0.4. 
mg sublingually, and repeated the same exercise. “proce 
dure. 

Left ventricular end-diastolic pressure was gallant 
from mean pulmonary arterial pressure and stroke volui 
by regression equation (estimated left ventricular end- 
diastolic pressure = [mean pulmonary arterial pressure + 
1.33 ~ 0.05 stroke volume]/1.34).8 Hemodynamic after- 
load on myocardial metabolism was. assessed by product 
of heart rate and mean systemic arterial pressure /100.° 
Afterload was overestimated whenever peripheral. vasodi 
lation, induced by drug therapy, redistributed blood. vol 
ume into peripheral vessels. As a consequence, diastolic 
filling volume and pressure, as well as the systolic wall 
tension of the left ventricle; diminished in the upright 
posture. Ratio of stroke volume to mean pulmonary arte 
rial pressure revealed changes in ventricular compliance | 
in diastole and myocardial contractility in systole. (None 
of the subjects had pulmonary hypertension, mitral ste 
nosis or pericardial constriction to affect pulmonary arterial 
pressure.) 

Plotting the sequential relation of stroke volume to` 
mean pulmonary arterial pressure and product. of heart 
rate and mean systemic arterial pressure/100 at rest and 
graded levels of upright exercise showed a curve of left 
ventricular function; ‘effects of drug therapy were mani- 
fested by a displacement of this function curve. 

Differences in variables were evaluated by the unpaired t.: 
test; changes resulting from therapy were assessed by the 
paired ¢ test. 








Results 


Major responses during the experimental condi- | 
tions of selection and study are summarized in Table 
T, Ato C, and Figures 1 to 5. 

Changes in circulation and aerobic capacity a 
maximal exercise: Treatment of patients de. 





ANTIHYPERTENSIVE THERAPY AND HEMODYNAMICS DURING EXERCISE—BRUCE ET AL. 


Patients (N=16+12) Workers (N=27-18) 


Systemic Pressure, mmHg* 





+ With Sphygmornanometer 

» Multistage Treadmill 
FIGURE 1. Effects of long-term antihypertensive therapy for 3 
months on systolic (S) and diastolic (D) systemic arterial pres- 
sures at rest and during maximal exercise in patients and work- 
ers. Changes in mean values represented by A, with probability 
indicated. 
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FIGURE 2. Effects of chronic antihypertensive therapy on ex- 
ercise capacity. Graph shows duration of exercise and oxygen 
intake during maximal exercise in patients and workers. 
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FIGURE 3. Effects of acute nitroglycerin therapy in workers 
with-hypertension. Graph shows effects of nitroglycerin on sys- 
temic pressures, both systolic (S) and diastolic (D) at rest and 
during maximal exercise. The reductions in pressure are insig- 
nificant when workers are already receiving antihypertensive 
therapy. 





creased systolic and diastolic blood pressures at rest 
(P <0.001) but not during maximal exercise (Fig. 1, 
Table I). Systolic and diastolic pressures in workers 
decreased with antihypertensive therapy both at rest 
and during maximal exercise (P <0.001). 

Heart rates of patients were unchanged with ther- 
apy, whereas workers showed a slight reduction in 
resting heart rate with therapy (P <0.05). The pres- 
sure-rate product decreased significantly in both 
groups at rest and during submaximal and maximal 
exercise (Table II, A and B). 

Mean duration of multistage treadmill exercise in- 
creased significantly (from 5.23 to 6.60 minutes) in 
patients (P <0.001) but insignificantly (from 8.17 to 
8.65 minutes) in workers (Fig. 2). Maximal oxygen 
intake increased slightly in patients (P <0.05) with 
drug therapy, but remained at the same higher level 
in workers (Fig. 2). 

Acute effects of nitroglycerin on responses to 
maximal exercise: Nitroglycerin given to workers 
reduced systolic and diastolic blood pressures (P 
<0.001) (Fig. 3) and increased maximal oxygen in- 
take from 29.7 to 81.5 ml/(kg-min) (P <0.001) 
(Table IIC). 

Although heart rate was faster (P <0.001), pres- 
sure-rate product was unchanged at rest and de- 
creased with exercise. Duration of exercise increased 
slightly from 8.17 to 8.73 minutes (P <0.05), whereas 
functional aerobic impairment decreased from 17 to 
11 percent (P <0.001). Nitroglycerin with chronic 
antihypertensive therapy decreased systolic pressures 
only (P <0.001), but neither resting nor maximal 
heart rate changed. Duration of exercise increased by 
only 12 seconds; functional aerobic impairment di- 
minished 2 percent. 

Changes in hemodynamic responses to upright 
exercise: During antihypertensive therapy, pa- 
tients showed reduced systemic and pulmonary arte- 
rial pressures at rest and at all levels of exercise (Fig. 
4). Estimated left ventricular end-diastolic pressure, 
pressure-rate product and percent maximal oxygen 
intake diminished at each work load. With therapy, 
cardiac output and stroke volume diminished at rest, 
but increased with higher work loads of exercise as 
left ventricular preload and afterload were modified. 
Peripheral resistance was reduced only during exer- 
cise. Heart rates were lower and arterial mixed ve- 
nous oxygen difference was reduced with treatment 
(P <0.001). Unexpectedly, workers showed no signif- 
icant hemodynamic changes with chronic antihyper- 
tensive therapy. At the lowest work load, ratio of 
stroke volume to mean pulmonary arterial pressure 
increased with nitroglycerin but diminished with 
chronic antihypertensive therapy (Fig. 5). 


Discussion 


Earlier studies revealed different hemodynamic 
patterns in relation to severity of hypertension®17 
and age.12:16.17 Maximal exercise testing evoked no 
impairment in younger patients with increased blood 
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FIGURE 4. Hemodynamic responses to up- 
tight exercise on Monark bicycle ergometer in 
patients and workers. Graph compares effects 
oF antihypertensive therapy (and nitroglycerin) 
on cardiac output, systemic and pulmonary ar- 
; erial pressures at rest and during 3 levels of 
‘ight exercise. Pressures are reduced in both 
roups but, in patients, cardiac output increases 
at higher work loads only. 











‘FIGURE 5... Changes in: teft- ventricular func- 
tion and. S-T segment responses. Graph shows 
= divergent effects. of therapy on hemodynamic 
; _ electrocardiographic. indexes of left ventric- 
ular function. Note: improvement in function, 

“with more suggestion of ischemia- in-patients, 

and opposite effects, especially with nitroglyc- 

erin, in workers. 
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pressures and showed vicdnuenively greater impair 
ment in older patients with higher levels of hyper- 
tension, left ventricular hypertrophy, retinopathy 
and coronary heart disease. 1? Sannerstedt!® found 
‘that hypertensive. patients with retinopathy had a 
greater increase in arterial pressure and peripheral 
resistance and a smaller increase in cardiac output 
with. exercise in the upright posture. In our study, 
both workers and patients exhibited the divergent 
hemodynamic patterns noted in earlier reports. Ini- 
tially, the slightly younger, asymptomatic workers 
> had lower systolic and diastolic pressures at rest 
~ and with maximal exercise, greater exercise capacity, 
longer exercise duration and greater maximal cardiac 
output. In workers, at a work load averaging 78 per- 
cent of maximal oxygen intake, values for arteriove- 
nous oxygen difference were 8 ml/liter lower and 
those for cardiac output and heart rate 2.5 liters /min 
_and 25 beats, respectively, higher than values ob- 
served in patients. There was a greater difference in 
cardiac output (21 percent) than in arteriovenous 
oxygen difference (6.5 percent), and a greater differ- 
ence in heart rate (18 percent) than in stroke volume 
‘(7 percent); In both groups, the greatest stroke vol- 
ume was ‘observed at an intermediate work load 
level, and this volume diminished slightly as the lim- 
its of ventricular compliance and contractility were 
exceeded at the highest work load level. 
In both groups, chronic antihypertensive therapy 
significantly reduced systemic and pulmonary arteri- 
al mean pressures. Although increased pulmonary 
arterial pressure in the supine position has been ob- 
erved with exercise in older hypertensive patients, 1? 
reduction. of pulmonary arterial pressure with thera- 
py has not been reported to our knowledge. Estimat- 
ed end-diastolic pressure of the left ventricle showed 
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antihypertensive therapy, whereas the pressure-rate 
product at submaximal exercise diminished at d the 
stroke volume to mean pulmonary arterial pressure 
ratio increased. Since only the cardiac output of. 
treated patients increased at work loads of 70 to 80 — 
percent of maximal oxygen intake, this response rep- 
resented improved cardiovascular efficiency. The — 
finding suggests greater left ventricular diastolic _ 
compliance and greater contractile force during: 
antihypertensive treatment. Functional aerobic im- 
pairment also diminished toward normal as duration 

of exercise lengthened. 

Curiously, the workers showed little banefit from 
antihypertensive therapy. Oxygen intake, cardiac 
output and heart rate decreased slightly. The stroke | 
volume to mean pulmonary arterial pressure ratio 
was slightly lower at rest and at moderate work. The _ 
condition of the workers was not refractory, because _ 
greater changes were observed acutely with nitroglyc- 






erin, except when the workers were already receiv- 


ing chronic antihypertensive therapy. Nevertheless, | 
myocardial ischemia, especially when treatment was. 
combined with nitroglycerin, increased as pressure | 
decreased. 

Since these studies document differences in hemo- 
dynamic responses to exercise between the earliest a 
and intermediate phases of hypertensive cardiovas- _ 
cular disease, the reported protection of antihyper- 3 
tensive therapy in patients against congestive heart 
failure is more readily understood. ee 
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| Normalization of Serum Triglycerides and Lipoprotein 
Ele strophoretic Patterns by Exercise 


Previous work has indicated that exercise can briefly lower fasting | 
serum triglyceride levels. The present study was performed to docu- 
ment and quantify the fasting serum triglyceride response to succes- 
sive periods of exercise in hyperlipidemic men. Seven middle-aged 
men were given a fixed diet. Fasting serum triglyceride and choles- 
terol levels were measured each morning after a 12 hour fast. Four 
days of sedentary living were followed by 4 successive days of exer- 
cise and 3 to 7 days of sedentary recovery. Subjects exercised in 
the late afternoon, covering 3 to 4 miles in approximately 40 min- 
utes. The first exercise session lowered mean fasting serum triglyc-_ 
eride levels from 235 + 16 to 173 + 15 mg/100 mi (P <0.001); the 
second session resulted in a reduction to 136 + 12, the third to 1 

+ 7, and the fourth to 104 + 8 mg/100 mi. During the recovery pe- 
riod, fasting serum triglycerides returned to base-line levels gradual- 
ly, within 3 to 7 days. Serum cholesterol remained unaffected by ex- 
ercise. Subjects with abnormal lipoprotein electrophoretic pattern 
had either type IV or type V hyperlipoproteinemia. Exercise norm: 
ized both types, but the abnormalities reappeared during the recov- 
ery period as fasting serum triglycerides returned to base-line levels. 
Exercise is effective in reducing tasting serum triglycerides acutely 
and correcting type IV and type V hyperlipoproteinemias. 





Evidence is accumulating to show that elevated fasting serum tri. 
glyceride levels are associated with the development of a high inci- 
dence of coronary heart disease. Carlson! and Albrink et al.? have 
reported that serum triglycerides are increased in approximately 80 
percent of men with clinically evident coronary heart disease. Exer- 
cise can decrease fasting serum triglycerides. The reduction occurs 
shortly after a single period of work (for example, jogging approxi- 
mately 3 miles in 30 to 40 minutes) and lasts 2 days or longer.? This 
evidence suggests the possibility that exercise can be used as an ef- 
fective means of normalizing fasting serum triglyceride levels in men 
with hyperlipidemia. One purpose of the present study was to test 
this possibility by investigating the effect of successive periods of 
work on elevated fasting serum triglyceride levels. Information was. 
also obtained on the time course of recovery of fasting serum triglyc- 
eride levels after a 4 day exercise program. 

it is now possible, using relatively simple electrophoretic methods 
of typing lipoprotein abnormalities, to detect 5 different types of 
hyperlipoproteinemias according to the classification of Fredrickson 
et al.* Since an excessive accumulation of triglycerides i in the serum 
is associated with an increase or abnormality in one or more serum 
lipoproteins, we also investigated the effect of successive periods of 
exercise on abnotitial lipoprotein phenotypes. 
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TABLE | 
<: Clinical Data in 7 Cases 





O Body Weight (ka 





Subject Age Height ` Before After or Lipoprotein 
no, (yn) (em) Exercise Exercise Clinical Abnormality .. Phenotype 















1 49 170 77.3 
2 42 179 77.3 
3 38 178 82.7 
4 54 184 95.5 
5 35 170 76.4 
6 34 180 80.0 
7 52 173 106.4 


76.9 PVC’s at rest and during : IV 
exercise i 
77.3 Normal V 
82.8 Normal ie 
95.0 Normal Normal 
76.8 Normal Iv 
30.2 Hypertension, mild IV 
retinopathy and left 
ventricular hypertrophy 
(ECG) 
105.4 - Obese, hyperglycemia IV 





* Body weight obtained before and immediately after the 4 day exercise program. 


Methods 


Subject screening: Screening for lipid abnormalities 
was offered to male students and faculty members over 30 
“years of age at the University of Ilinois, Chicago Circle. 
Those found to have elevated fasting serum triglyceride 
levels, on the basis of previously suggested age-related ‘‘nor- 
mal limits”,* and willing to enter the study, underwent 
further screening with a pertinent history and physical ex- 
amination, including a resting 12 lead electrocardiogram. 

In anticipation of a vigorous exercise program designed 
to reduce fasting serum triglycerides, the cardiovascular 
response of each subject to submaximal and then to maxi- 
mal exercise. was determined. Submaximal testing was 
performed ona motor-driven treadmill with the subjects 
walking 3 miles /hour up a 7.5 percent slope for 3 minutes. 
- This work load approximated the energy expenditure re- 
quired to perform a double Master step test. A bipolar 
electrocardiographic lead having the configuration of lead 
Vs was monitored throughout the exercise period and for 7 
minutes of the recovery period. After a normal response to 
submaximal work, the subjects exercised again. A point of 
subjective exhaustion was reached within a period of 4 to 


TABLE Il 


Average Values Obtained for Each Subject During 4 Day 
Exercise Program 








Distance Time per ; 
Subject Covered Session Hear Rate: st (beats/ y m: 
no. (miles) (min) Terminal Maximal* 

1 3.00 40 165 165 

2 3.25 43 180 180 

3 3.50 35 186 ` 188 

4 3.25 46 152 160 

5 3.50 46 172 184 

6 4.00 40 170 180 

7 2.75 40 :164 190 





* Maximal heart rate obtained during exhaustive treadmill 
run at the time of initial screening as described under Methods. 
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7 minutes as a result of progressive increases in treadmill 
speed or grade, or both. All subjects approached 100 per- 
cent of their age-predicted maximal pulse rate5 without 
abnormal symptoms or electrocardiographic abnormalities — 
during exercise or recovery. Stress electrocardiograms >- 
were considered norma! in the absence of: (1) 0.1 mv hori- 


zontal or downward sloping S-T segment: depression; (2) 
sustained ventricular arrhythmia; and (3) the develop- — 


ment of intraventricular conduction defects. a 
Diet: Seven subjects ranging in age from 34 to 54 years 
(mean 43 years) were asked by a nutritionist to choose al ` 






day diet that could be tolerated each day for the duration ae 


of the experimental period without deviation in the types 
of food eaten, size of servings or method of preparation io 
The composition and quantity of food consumed -by each 
subject resembled his habitual diet as determined by a 
dietary history. A dietetic scale was given to each subject 
and routinely used for weighing food for meals and snacks. 
At the conclusion of the study, the total number of calo- 
ries contained in the measured diet and the distribution . 
of calories relative to protein, carbohydrate and fat were 
calculated.§:7 
Procedure: All blood samples were drawn after a 12... 
hour fast. Base-line values were established by measuring’ 
fasting serum triglyceride levels on successive mornings 
after 1, 2, 3 and 4 days of sedentary living. Sedentary. liv- 
ing refers to the ordinary living habits of the subjects in: 
the absence of regularly performed exercise. The effect of 
successive periods of exercise was investigated by measur- 
ing blood lipid levels on successive mornings after 1, 2, 3 
and 4 days of exercise. The time course of recovery of fast- 
ing serum triglycerides was studied by measuring fasting _ 
serum triglyceride levels.on successive mornings during 
sedentary living until they approached. base-line. levels, 


Each subject was screened for type I, I, WI, IV and V 
hyperlipoproteinemia* on the third day of the initial 4 day 


sedentary. period. Those found: to have an abnormal lipo- 
protein phenotype were screened again on day 4 of the ex- 
arcise programi and on the last day of the sedentary recov- 
ery period. Serum cholesterol and blood: glucose. determi- 
nations were routinely performed on all blood samples. 
Exercise: The exercise stimulus used to lower fasting 
serum triglyceride levels consisted cf continuous. move- 











| ‘TABLE mw 
Fasting Serum Triglycerides (mg/100 mi) Before, During and After the 4 Day Exercise Program 








EXERCISE AND SERUM TRIGLYCERIDES—OSCAI ET A 













aes Base-Line Day Exercise Day Recovery Day 
‘Subject ue . : ate 
fio, Poe eee eg 4 1 2 3 4 1 2 3 4 5 6 ? 
1 236 170 249 230 154 136 139 104 115 62 114 eis 152 195 
2 341 280 324 269 227 169 117 103 153. 272 278. 348 Es 
3 229 236 212 235 174 174 105 71 120 157 178 164 229 
4 180 210 195 199 194 156 150 127 199 199 199 wee 3 
5 234 227 189 157 159 116 110 120 98 133 125 221 ene i 
: 6 177 218 265 167 95 85 95 83 85 <- 103 117 136 150 . 286 
oe) 237 319 302 298 205 118 118 118 201 268 272 Pe 
Mean 233 237 248 222 173 136 119 104 
SEM +21 +18 +20 20 Æ15 +12 +7 +8 
NS <0.05 ee 


iP cig NS NS NS <0.01 <0.02 





*P for base-line 1 vs base-line 2, base-line 2 vs. base-line 3, base-line 3 vs. base-line 4, base-line 4 vs. exercise 1, exercise 1 VS. exer: 


o ‘cise 2, exercise 2 vs. exercise 3, exercise 3 vs. exercise 4. (NS = P > 0.05) 


ment, either jogging or intermittent walking and jogging, 
` around a 251 yard indoor track. The subjects exercised in 
> the late afternoon, covering approximately 3 to 4 miles in 
85 to 45 minutes. During each session, we attempted to 
have the subjects come as close as possible to the limits of 
‘their’ exercise tolerance. Heart rate was determined by 
palpation of the radial pulse immediately after each run 
and used as an index of the strenuousness of the work. 
Assays: Serum triglycerides were determined accord- 
ing to the automated fluorometric procedure of Kessler 
id Lederer and serum cholesterol by the automated col- 
rimetric method of Block et al.? Blood glucose was mea- 
‘sured using a Technicon 6/60 autoanalyzer with the modi- 
cations of Brown’? and of Bittner and McCleary.14 
Lipoprotein fractions were isolated using the apparatus 
and procedure described by Nerenberg.12 Three drops of 
rum were mixed with 3 drops of molten agar and imme- 
diately applied to slots located in agar plates. The agar 























FSTG %o OF BASE LINE 


FIGURE 1. Fasting serum triglyceride as a 
- percent of the base-line value. The base-line 
<o Value was established: for each subject by 
» calculating the “average for fasting serum 
triglycerides measured during 1, 2, 3 and 4 
days of ‘sedentary living as described. under 
Methods. Exer = exercise: FSTG = fasting 
serum triglyceride: R`- =- recovery period: 
O = Case 1;\@= Case 2: A = Case 3; 
A= Case 4:0 = Case 5; M@ = Case 6: X = 
Case 7. 

















gel plates contained 1 percent Ionager® and 1.2 percent. 
bovine albumin in 0.05 M veronal buffer, pH 8.6. Electr 
phoresis was carried out for 1.5 hours at 35 milliampert 
with ice above and below the agar plate. After electropho- 
resis the agar gel was removed, covered’ with wet filter. 
paper and dried at room temperature: The filter paper 
was then removed and the agar gel placed in 0.1 perce: 
Fat Red 7B stain overnight. The gel was destained with 5 
percent acetic acid for 2 hours and then air-dried. 


Results 


Seven hyperlipidemic men were admitted to the 
study. Table I lists pertinent clinical characterist 
for each subject. Table II gives data obtained during 
the 4 day jogging program designed to lower fasting. 
serum triglyceride levels. Five men completed the 
exercise program without difficulty. Subjects 1 and 7 
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EXERCISE AND SERUM TRIGLYCERIDES—OSCAI ET AL. 


TABLE IV 


Daily Caloric Content and Composition of the Fixed Diet for 
Each Subject During 11 to 15 Day Experimental Period 


Calorie Composition (%) 





Subject Total 





no. Calories Carbohydrate Protein Fat Ethanol 
1 3,062 24 14 55 7 
2 3,200 52 15 31 2 
3 2,547 37 25 32 6 
4 3,329 42 16 34 8 
5 2,582 34 22 29 15 
6 2,091 55 17 28 0 
7 1,648 46 27 27 0 


had severe soreness in the leg muscles after 3 days of 
jogging; as a result, both men swam for 45 minutes 
in preference to jogging on the last day of the exer- 
cise program. 

Effect on serum triglycerides: In response to 
the first period of exercise, mean fasting serum tri- 
glyceride levels fell from 235 + 16 to 173 + 15 mg/ 
100 ml (P <0.001, Table III). The base-line value of 
235 + 16 mg/100 ml was determined by pooling the 
results obtained for each subject before exercise dur- 
ing 4 days of sedentary living (Table II) and by cal- 
culating the average of these 7 values. The second 
work period resulted in a drop to 136 + 12 mg/100 
ml. Exercise on the second day was effective in nor- 
malizing fasting serum triglycerides in all subjects on 
the basis of previously suggested age-related ‘‘normal 
limits”4 (Table III). Although our subjects could be 
classified as having mild hypertriglyceridemia, we 
attempted to lay the groundwork for future studies 
of subjects with moderate to severe hyperlipemia by 
determining if additional exercise on the third and 
fourth days would further reduce fasting serum trig- 
lycerides. Table II shows that after the third exer- 
cise session, fasting serum triglycerides were reduced 
to 119 + 7 and after the fourth session to 104 + 8 
mg/100 ml. 

The time course of recovery of fasting serum tri- 
glycerides varied (Table II, Fig. 1). Fasting serum 
triglycerides returned to base-line levels within 40 
hours in 1 subject, within 88 hours in 1, within 112 
hours in 2, and within 112 to 184 hours in 3 (Table 
MI). 

Effect on abnormal lipoprotein patterns: Table 
I shows that abnormal lipoprotein electrophoretic 
patterns were detected in 5 subjects, 4 with type IV 
and 1 with type V hyperlipoproteinemia. Exercise 
was effective in eliminating the pre-beta band ob- 
tained by electrophoresis for Subject 6, who had a 
type IV disorder, but the abnormality reappeared 
during the recovery period as serum triglycerides re- 
turned to base-line levels (Fig. 2). Similar results 
(not shown) were obtained for Subject 5. The effect 
of exercise on the intensity of staining of the pre-beta 
band was not determined for Subjects 1 and 7, who 
both had type IV hyperlipoproteinemia. Type V hy- 


perlipoproteinemia was detected in Subject 2 (Table 
I, Fig. 2). Exercise decreased the accumulation of 
chylomicrons and very low density lipoproteins and 
resulted in a normalization of the lipoprotein electro- 
phoretic pattern (Fig. 2). However, the abnormality 
reappeared again during the recovery period as 
serum triglycerides gradually returned to base-line 
levels (Fig. 2). 

Caloric balance: Table IV gives the daily caloric 
content and composition of the measured diet for 
each subject. The subjects remained in isocaloric 
balance throughout the experimental period, as evi- 
denced by the observation that body weight, mea- 
sured before, during and after the 4 day exercise pro- 
gram, remained essentially unchanged. 

Effect on serum cholesterol: Determinations of 
serum cholesterol were routinely made on all blood 
specimens and were found to be in the “normal 
range” for all subjects.4 Exercise had no effect on 
this blood lipid. 


Discussion 


It has been reported previously that a single ses- 
sion of exercise can greatly lower fasting serum tri- 
glyceride levels in middle-aged men. Our study was 
undertaken to document and quantify the fasting 
serum triglyceride response to successive periods of 
work and to obtain information on the effects of ex- 
ercise on abnormal lipoprotein electrophoretic pat- 
terns in hyperlipidemic men. Exercise on the first 
day produced a significant lowering of fasting serum 
triglyceride levels, thereby confirming the work of 
previous investigators.* The finding that on the third 
morning, after 2 successive periods of work, mean 
fasting serum triglyceride levels had fallen into the 
“normal range’’* provides evidence that the cumula- 
tive effect of exercise can be used as a practical 
therapeutic measure for lowering abnormally high 
serum triglyceride levels. The cumulative effect of 
exercise is evidenced by the significant decrease in 
fasting serum triglycerides between the first and sec- 
ond days of the exercise program. Although our 
subjects were considered to have mild hypertri- 
glyceridemia, the continued lowering of fasting serum 
triglyceride levels in response to additional exercise 
en the third and fourth days of the program suggests 
that exercise might be effective in subjects with 
moderate to severe hypertriglyceridemia. 

A strong positive correlation appears to exist be- 
tween serum lipid levels and the intensity of staining 
of associated lipoprotein bands obtained by electro- 
phoresis.13-17 As a result, each subject in our study 
was screened for hyperlipoproteinemia types I to V. 
Subjects with abnormal lipoprotein patterns had ei- 
ther type IV or type V hyperlipoproteinemia. Type 
IV is a common abnormality, characterized by an in- 
crease in serum triglycerides of endogenous origin 
and normal or increased serum cholesterol.4:18 Pa- 
tients with this disorder tend to be overweight and 
to be sensitive to carbohydrate feeding and, at the 
same time, to have an abnormal glucose toler- 
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ance.4:13.19 A reduction in calories (if the subject is 
overweight) and carbohydrate greatly reduces serum 
triglycerides in these patients; in turn, this reduction 
has been associated with a marked decrease in the 
intensity of staining or a complete elimination of the 
pre-beta band obtained by electrophoresis. 4:13-17,19 
Type V hyperlipoproteinemia is a rare disorder. 
When observed, it is associated with endogenous and 
exogenous hypertriglyceridemia and normal or ele- 
vated serum cholesterol levels.4:18 Patients with this 
disorder are susceptible to accumulation of very low 
density lipoproteins when consuming a low-fat, high- 
carbohydrate diet, and they experience difficulty in 
clearing dietary fat from the blood presumably be- 
cause of a deficiency in the enzyme lipoprotein li- 
pase.* Dietary modifications to control this disorder 
include caloric restriction (if the subject is over- 
weight) and a diet high in protein and low in carbo- 
hydrate and fat levels.4 A variety of drugs have been 
found to have a favorable effect on types IV and V 
hyperlipoproteinemia when diet therapy alone fails.?° 
The present study provides evidence that exercise, 
in addition to dietary modifications and drugs, has a 
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FIGURE 2. Base-line, exercise and recovery serum lipoprotein 
patterns for Subjects 2. (type V hyperlipoproteinemia) and 6 
(type IV hyperlipoproteinemia). These subjects were screened 
for hyperlipoproteinemia as described under Methods. Exer = 
exercise; FSTG = fasting serum triglyceride; R = recovery pe- 
riod. 
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EXERCISE AND SERUM TRIGLYCERIDES—OSCAI ET AL. 


favorable effect on increased serum triglycerides and 
associated abnormal lipoprotein electrophoretic pat- 
terns. 

Mechanism of reducing serum triglycerides by 
exercise: The reduction in fasting serum triglyc- 
erides observed in this study could have been me- 
diated by (1) a caloric deficit resulting from an in- 
creased caloric expenditure associated with the exer- 
cise, or (2) by a direct effect of exercise on the me- 
tabolism of fat and carbohydrates. Preliminary ob- 
servations in our laboratory have shown that a large 
reduction in fasting serum triglycerides occurs even 
when the caloric intake of the subject is increased on 
exercising days to compensate for the increased calo- 
ric expenditure, thereby suggesting that exercise has 
a specific effect on fat or carbohydrate metabolism, 
or both (unpublished observations). 

Although the mechanisms by which exercise de- 
creases serum triglycerides and normalizes lipopro- 
tein electrophoretic patterns remain obscure, 2 possi- 
bilities can be advanced. One possibility is that 
physical activity reduces the availability of substrate 
necessary for the synthesis of endogenous triglyc- 
erides. It is well established that carbohydrate has a 
profound effect on hepatic lipogenesis. A diet rich in 
carbohydrate—for example, mainly simple sugars 
such as fructose, glucose and sucrose—can greatly 
increase the concentration of endogenous triglyc- 
erides found in the serum,!5:16,21 whereas a diet 
poor in carbohydrate produces the opposite ef- 
fect.13.16,19 Jt follows that if carbohydrate could 
somehow be diverted from the liver, resulting in a de- 
creased availability of substrate for lipogenesis, the 
rate of triglyceride production would be decreased. 
Numerous studies?2-25 have provided evidence that 
exercise increases the uptake of sugar by muscle, thus 
causing a decrease in blood sugar concentration. As 
blood-sugar levels continue to fall in response to pro- 
longed exercise, the liver, apparently during the latter 
stages of moderate to heavy work, greatly increases (6 
to 8 times above resting values) its production of glu- 
cose.?6.27 The effect of exercise on blood sugar ap- 
pears to be mediated by a work-induced increase in 
permeability of muscle cell membrane to sugar, as 
demonstrated in studies involving isolated muscle 
stimulated to contract in vitro.28 Exercise also accel- 
erates the rate of glycogenolysis in working muscle 
cells. If exercise is strenuous enough, these cells can 
essentially deplete themselves of stored glyco- 
gen.29-31 Within 24 hours, with the subject eating a 
diet rich in carbohydrate, muscle glycogen stores re- 
turn to normal or preexercise levels; during the next 2 
days or longer an overshoot occurs, resulting in an 
approximate doubling of stored glycogen (compared 
to levels seen in nonexercised muscle).?%31 

These observations suggest the following possible 
sequence of events: Exercise, by decreasing the con- 
centration of blood sugar, diverts carbohydrate from 
the liver to working muscles, resulting in a decreased 
availability of substrate necessary for lipogenesis. 
This, in turn, leads to a reduction of serum triglyc- 








_erides with an associated decrease in the intensity 
of staining of the pre-beta band. These events repre- 
sent an acute effect of exercise on carbohydrate me- 
tabolism. A prolonged effect can be. seen in the re- 
sponse of muscle glycogen to exercise. To replenish 
glycogen stores after they have been decreased by ex- 
ercise and to provide substrate for the supercompen- 
sation effect of exercise on glycogen, sugar continues 
to be taken up by muscle for several days after work. 
` This effect on carbohydrate metabolism is responsi- 
ble for keeping serum triglycerides at reduced levels 
for several days after physical activity. 

An alternative possibility for the exercise-induced 
fall in fasting serum triglyceride levels is that exer- 
cise increases the level of activity of the enzyme (li- 
poprotein lipase) that catalyzes the hydrolysis of 
chylomicrons and lipoprotein triglycerides in circu- 
lating plasma. If this possibility proves correct, it 
would explain our finding that exercise decreased the 
intensity of staining of the chylomicron band in 
Subject 2, in whom type V hyperlipoproteinemia was 
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detected: The serum of this subject was not grossly 
lipemic. It would be interesting to. determine if more 
severe forms of hyperchylomicronemia can be cor- 
rected by exercise. However; since this disorder is 
rare, there are few suitable subjects for study. 

Clinical implication: © The results of our study 
show that exercise is effective in normalizing serum 
triglycerides in hyperlipidemic men and also demon- 
strate that exercise can correct type IV and V hyper- 
lipoproteinemia. These findings are of clinical inter- 
est in the light of epidemiologic studies suggesting 
that exercise protects against coronary heart dis- 
ease,32-33 and they indicate mechanisms by which 
this protection may occur. 
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The variant form of angina pectoris may be exertional or nonexer- 
tional and associated with minimal symptoms. In this report of a 54 
year old man with this lesion, the nonspecific findings in the 12 lead 
electrocardiogram and the diagnostic treadmill stress test findings 
are presented together with the pathologic coronary cineangiograp 
ic findings. The use of treadmill stress testing as a case find 
suggested, and the serious outlook for patients with this: disorde 
is presented. 











Although Kroop et al.! reported in 1949 that the finding of S~T seg- 

ment elevation in the exercise electrocardiogram was an unusual 
manifestation of myocardial ischemia, the description of Prinzmet- 
al’s variant angina pectoris occurring at rest1-3 focused attention on 
the nonexertional aspects of this disorder. It soon became apparent 
that the S-T segment elevation associated with angina pectoris- 
could be either exertional or nonexertional and that its documenta- 
tion is important since it is associated with a grave prognosis. *5 This 
case report presents the treadmill stress stest, coronary cineangio- _ 
graphic, resting electrocardiographic and pathologic findings in a pa- 
tient found to have the exertional variety of variant angina pectoris. _ 


Case Report 


A 54 year old white man performed parachute jumping for recreation and 
was in apparent good health until December 1971 when he experienced sud- 
den onset of aching in the left chest while he was drinking coffee; the pain 
persisted for 5 to 10 seconds. While sitting, he again noted this discomfort 
approximately 1 and then 2 hours later. Each episode started abruptly and 
persisted for only 10 seconds. There was no associated dizziness, palpita- 
tions, dyspnea or diaphoresis. For the past 10 years he had felt in his lower 
jaw after heavy lifting an occasional aching sensation that. was relieved after 
several minutes of rest; however, the ache usually did not deter him from 
the strenuous physical activities associated with his occupation of installing 
and repairing heating and air-conditioning equipment. He smoked 1 and 
1/2 to 2 packs of cigarettes and drank approximately 10 cups of coffee daily. 
His only known past illnesses were rheumatic fever at age 17 and- a diagno- 
sis of duodenal ulcer at age 38 years. He was concerned ‘by ‘the loss of all - 
body hair in a 1 month period at age 53 and the development of white hair 
when hair growth resumed. One brother had had a “heart attack” at age 35, 
and the patient’s mother died of “heart trouble”. He had no family history 
of diabetes or hypertension and no history of excessive alcoholic consump- 
tion. 

Physical examination revealed an alert man with a blood pressure of 
116/70 mm Hg. Fundoscopic examination disclosed mild attenuation of the 
arterioles with no hemorrhages or exudates. The cardiac rate was 78/min 
with regular rhythm, and there were no abnormal cardiac findings. Congen- 
ital spooning of the. fingernails and toenails with a cyanotic tinge of the 
fingernail beds: was observed: Chest. roentgenogram disclosed mild cardi: 
omegaly.. The electrocardiogram (Fig. 1) revealed diphasic T waves in leads: 

Il and aVF with inverted T waves in lead HI, suggesting possible inferior 
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FIGURE 1. The 12 lead resting electrocardiogram reveals di- 
phasic T waves in leads || and aVF with inverted T waves in 
lead IIl. The rather tall, peaked T waves in leads V2 and V3, are 
nonspecific. 
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FIGURE 2. The treadmill electrocardiogram displays alternat- 
ing S-T segment elevation and depression during and after ex- 
ercise. Diphasic T waves are present at rest. 





wall ischemia. T waves were rather tall and peaked in 
leads V2 and V3. 

A treadmill stress test®:7 (Fig. 2) provoked elevation of 
the S-T segment after 1 minute of exercise; this segment 
became depressed at 3 minutes of exercise and elevated 
again at 4 minutes, when exercise was electively terminat- 
ed. The patient noted a sensation of tightness in his 
throat immediately after exercise which subsided 2 min- 
utes later. One minute after exercise, only cupping of the 
S-T segments was noted; however, S-T segment elevation 
was again noted from 1 1/2 to 3 minutes after exercise. 
Four minutes after exercise the S-T segments were iso- 
electric with upright T waves, and at 5 minutes the T 
waves became diphasic. Coronary cineangiography was 
performed (Fig. 3) with the findings of a normally ap- 
pearing right coronary artery. An approximate 50 percent 
obstruction of the left main coronary artery 2 cm from its 
origin, 98 percent obstruction of the origin of the circum- 
flex artery, and 90 percent obstruction of the origin of the 
anterior descending coronary artery was noted. During se- 
lective injection of the left coronary artery the patient 
noted aching in his jaw and shortly thereafter widening of 
the QRS complexes developed in the electrocardiogram 
followed by the onset of ventricular fibrillation. The latter 
was converted to sinus tachycardia after a hard fist per- 
cussion to the precordial area and assisted ventilation. He 
remained hypotensive during the next 12 hours with blood 
pressure ranging from 70/40 to 80/50 mm Hg; however, he 
was conversive, and the urinary output ranged from 68 to 
100 ml/hour. Twelve hours after coronary cineangiogra- 
ohy, cardiac arrest occurred, and resuscitative efforts were 
ansuccessful. 

Pathologic examination revealed a recent thrombus in 
the right coronary artery with atherosclerotic obstructive 
lesions in the left coronary artery, anterior descending and 
crcumflex coronary vessels. Fibrotic areas of the myocar- 
dium were present with no definite aneurysmal sacs. 


Discussion 


Although we do not know if this patient had S-T 
segment elevation at rest associated with his episodic 
chest discomfort, intermittent S-T segment eleva- 
tion was manifested with treadmill stress testing and 
he experienced an associated tight sensation in his 
throat immediately after exercise. S-T segment ele- 
vation associated with exercise has been thought to 


FIGURE 3. Selective coronary 
cineangiograms. A, the right coro- 
nary artery in the left anterior ob- 
lique position reveals no evidence of 
obstructing lesions. B, the left coro- 
nary artery in the left anterior 
oblique position reveals obstruc- 
tions of the left main, circumflex, 
and anterior descending coronary 
arteries. 
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represent myocardial ischemic changes by some,*-8-9 
whereas Gorlin et al.1° described these changes asso- 
ciated with ventricular aneurysm. I have observed 
«patients with S-T segment elevation during or after 
treadmill exercise who were found to have normal- 
ippearing coronary arteries by cineangiogram and 
vidence of either ventricular aneurysm or dyskinetic 
eas of the left ventricle by left ventriculogram, 
adings that tend to substantiate Gorlin’s observa- 
ns. The findings of normal or near normal coro- 
ary arteries in patients with variant angina pectoris 
; been reported;11-12 although the studies found 
no abnormalities of hemoglobin-oxygen dissociation, 
the reports do not indicate whether dyskinetic areas 
of the myocardium or ventricular aneurysm were 
resent. In our case left ventricular angiography was 
ot performed because of the described circum- 
_ stances (ventricular fibrillation after coronary arteri- 
graphy), and the pathologic study would be of little 
alue in excluding the presence of dyskinetic areas of 
the myocardium. 
Collateral vessels were not shown by coronary 
neangiograms in our patient and were similarly ab- 
sent in 5 of 12 patients with variant angina pectoris 
described by Fortuin and Friesinger.* Thus, the lack 
collateral circulation of the coronary arterial sys- 
1 in patients with this lesion is not rare. The mild 
ional discomfort in the jaw had been present in- 
ittently for 10 years; this finding should prompt 
ians to study such patients by exercise electro- 
ography in an attempt to make an early diagno- 
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sis. The S-T segment depression with negative T 
waves that appeared during the later recovery phase 
after treadmill exercise may be secondary to the 
metabolic recovery of the myocardial cell occurring 
with the increased polarization of the cell mem- 
brane, as proposed by Kwocynski and Bogucki,}4 or. 
it may be secondary to so-called left ventricular 
strain resulting from poor myocardial dynamics and 
elevation of the end-diastolic pressure of the left ven- 
tricle. It has been suggested that the replacement of 
S-T elevation by S-T depression may be a result of — 
the introduction of collateral blood flow, which ren- ` 
ders the central area of ischemic myocardium less is- — 
chemic.14 ae 
The serious prognosis associated with variant 
angina pectoris has been mentioned. There appears 
to be little difference in respect to exercise-induced 
or nonexercise-induced S-T elevation or the presence 
or absence of angiographically proved coronary arte- 
rial obstructions in altering the prognosis of variant 
angina pectoris. Myocardial infarction and death oc- 
curred in over half of the patients in Silverman's 
group® less than 1 year after the onset of symptoms. 
Atypical symptoms of the patient should be sought 
through a careful history since, as in our case, the 
symptoms may be minimal but obviously of consid- 
erable clinical importance. Although not all patients 
with S-T elevation at rest during anginal episodes 
will have reproducible S-T elevation during or after 
exercise, the use of treadmill stress testing as a po- 
tential case finder deserves recognition. 
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An exercise program was initiated in a federal agency to assess the 
feasibility of such a program, and to identify the factors that in- 
fluenced joining, adherence to and effectiveness of the program. The 
program was utilized by 237 of the 998 eligible federal employees; — 
mean attendance rate was 1.3 days/week. Those who volunteered z 
perceived a need for increased physical activity, believed they had 
sufficient time to participate and derived subjective as well as objec- 
tive benefits. Significant improvements were found in heart rate re- 
sponse to the standard exercise test, body weight, skinfold measure 
ments and triglyceride levels. A consistent relation: was found be- — 
tween (1) subjectively reported effects of the program: on work, . 
health habits and behavior, and (2) improvement in cardiovascular _ 
function, as determined by treadmill performance. Many personal - 
and programmatic factors influencing volunteering and participation © 
were identified. Otan ig 


Physical activity may exert a positive influence on the preservation 
and enhancement of cardiac status.! Several experimental and 
epidemiologic studies have defined an association between physical 
inactivity and greater frequency of sudden death, myocardial- infarc- 
tion and coronary artery disease.”ë This associational evidence is 
strong enough to cause many physicians and other professional. 
health personnel to encourage increased physical activity as a pre- 
ventive? anc health-enhancing® measure and to seek ways of in- 
stituting effective exercise programs for sedentary populations. 
Exercising during working hours may be preferable to exercising 
before or after work. An on the job program can make centralized 
medical and exercise facilities available to large groups of sedentary 
persons, perhaps promote better adherence to an exercise regimen. 
because of operational and scheduling ease, and allow more thorough 
medical clearance and reevaluation, including exercise stress testing,?.. 
which is currently unavailable to many persons interested in exercis- 
ing. Pe 
The objectives of our study were (1) to assess the feasibility of es- 
tablishing an effective exercise program with careful medical evalua- 
tion within the employment setting of a federal agency; (2) to identi- 
fy and define those factors (personal and programmatic) that influ- 
ence volunteering for and adherence to.an exercise program as well 
as effectiveness of the program in modifying selected cardiovascular 


risk factors and health attitudes and behavior; and (3) to provide 
- guidelines for the future development and administration of effective 
: exercise programs within government and industry. 














Methods 


-Eligible subjects were men aged 35 to 55 years who had 
< a General Services pay rating of 11 or higher and who 
were directly employed by the National Aeronautics and 
- Space Administration (NASA) in Washington, D. C. The 
Men were identified from a payroll listing (Fig. 1). They 
were notified of the initiation of the NASA-U. S. Public 
~Health Service Health Evaluation and Enhancement Pro- 
_ gram by an announcement in the NASA Weekly Bulletin, 
and by written invitation to attend an orientation session. 
This session provided a general discussion of the program, 
_ its objectives, the benefits to be derived from participa- 
. tion and the 3 kinds of physical activity programs avail- 
_ able. The latter consisted of a stress laboratory program, a 
group jogging program, and an individual program incor- 
--porating an exercise regimen similar to that of the group 
_ jogging program. The participants in all 3 programs were 
_ expected to exercise for 30 minutes 3 times a week. The 
_ stress laboratory and jogging programs were supervised by 
_ physical educators. The individual program was unsuper- 
` vised, 
_. Volunteers registered during July 1968 and were asked 
_ to provide evidence of consent from their personal physi- 
cian. Upon receipt of the consent form, each person re- 
_ ceived a base-line evaluation, consisting of a self-adminis- 
_ tered medical and dietary history, chest roentgenogram, 
_ laboratory tests (complete blood count with differential, 
urinalysis, sedimentation rate, 2 hour postprandia! glu- 
“cose, fasting cholesterol and triglyceride, uric acid and 
creatinine determinations), anthropometric measurements 
“and a detailed physical examination. Sociopsychologic 
data on the subjects’ health attitudes, habits and prac- 
_ tices were obtained by personal interview and self-admin- 
: red. questionnaires. Resting electrocardiogram, double 
_ Master 2-step test and multistage treadmill tests were 
conducted at the Applied Physiology Laboratory of the 
Heart Disease and Stroke Control Program at Georgetown 
_ University. The treadmill test procedure consisted of a 15 
‘Minute ‘exercise phase and a 10 minute postexercise 
phase. The exercise phase began with an initial 2 minute 
warm-up at a rate of 1.5 miles/hour, 0 percent grade. The 
speed was then raised to 3 miles/hour. The grade was 
_faised by 4 percent at the end of each 3 minute phase of 
_the test: The subjects underwent continuous electrocardio- 
graphic monitoring with use of a bipolar V5R, VsL lead 
¿with a sternal ground.1° 
- Upon completion of the base-line evaluation examina- 
tion, each participant met individually with a study phy- 
-sician to receive-an analysis of his examination results, 
‘Suggestions for reducing risk factors when appropriate, 
and a more detailed description of each exercise program 
available. Subjects with positive double Master tests were 
excluded from the study. Each participant chose 1 of 3 
exercise programs and was invited to attend a group ori- 
¿entation session concerning it. At these sessions, discus- 
‘sion focused on basic exercise, physiology, particulars of 
the program and instructions in determining pulse rate 
with use of the carotid artery. Each participant deter- 
mined his pulse rate during rest and after exercise, and 
his findings were checked for accuracy. Subjects were in- 
structed to exercise at a heart rate equal to 85 percent 
(+5 beats/min) of their maximal predicted heart rate 
(Robinson™) provided that the former rate had been ex- 
ceeded during the base-line treadmill test without the ap- 

















pearance of diagnostic electrocardiographic changes. 


Subjects with positive treadmill tests were assigned less 
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FIGURE 1. NASA- U. S. Public Health Service Health Evaluation. 
and Enhancement Program. À 


vigorous activity. All were given a specific work formula 
designed to achieve the prescribed heart rate and were 
told to use heart rate as their exercise monitor and goal. 
Groups of participants were then shown the exercise facil- 
ity and procedures of the program they had chosen. 

The Stress Lab was devised about 3 years ago by NASA 
Headquarters, Division of Occupational Medicine, and the 
Bio-Dynamics Corporation. It is a pleasant, well equipped 
and convenient place to exercise, located in the subbase- 
ment of a NASA office building in Washington, D.C. The 
exercise program of this laboratory is arranged in se- 
quence so that each period of strenuous exercise is fol- 
lowed by a less strenuous one. Our subjects performed the 
following “circuit” of sequential activities: warm-up, first 
treadmill, speed bag, bicycle, wall pulley, rope jump, sit- 
ups, rowing, balance beam, second treadmill, medicine 
ball and taper-off. The treadmill exercises last 3 minutes, 
the others 90 seconds. After each exercise, the subject 
took a 15 seconds immediate postexercise pulse measure- 
ment and recorded it in beats/min. Prescriptions for exer- 
cise were written weekly, and were individually tailored so 
that each subject reached 85 percent of his maximal pre- 
dicted heart rate (target heart rate or THR) during the 
cardiovascular exercises (bicycle, rope jump, rowing and 
second treadmill), and 70 percent of maximal predicted 
heart rate during the remaining exercises. Target heart 
rates for those with a positive treadmill test were set at a 
rate just below that necessary to produce an ischemic re- 
sponse. The subjects were asked to exercise at least 3times/ 
week. Each exercise period lasted about 25 minutes. Sub- 
stitute exercises were provided for employees. who were 
traveling or making up missed sessions. The facility was 
open from 8:30 AM to 7:30 PM each work day; activity 


time was not scheduled. . Sa 


The jogging program took place at the Anacostia Naval’. 
Annex (about a 10 to 15 minute drive from NASA). 
Subjects were transported to and from there twice a day. 
by a combination of government.and personal vehicles. 
Participants. in this program -performed 3 minutes. of 
warm-up and 2 minutes of taper-off exercises. The jogging 
program itself consisted of intervals. of jogging and, walk- 











NASA-USPHS 


TABLE | poe 
Frequency Distribution of NASA Personnel by Number, 
Percent of Eligible Men and Percent of Volunteers 


aminan a aaa aa ia anaia daian LNAI 





Per- -© Eligible 
; sonnel Men Volunteers 
Study Phase (mo) = (%) (%) 
ene iinet eign eneenenesicimetisttnraentne 
Eligible men 998 100.0 
Attended orientation sessions* 562* 56.3 P 
=Volunteered 348 34.9 100.0 
‘Completed base-line examination 271 27.3 77.8 
_ Assigned to exercise program 259 6.0 74.4 
1. Stress laboratory 156 its 44.8 
2, Jogging 59 veh 16,8 
oo Be Individual’: 44 oh 12.6 
Completed retest examination 237 «23.7 68.0 


PIELE SAAANA 


* Estimated. 


ing with progressive increases in actual time spent jogging 
„and rate of speed. Subjects measured and recorded pulse 
“gates after the last 4 jogging periods of the day in a man- 
ner similar to that used in the stress laboratory program. 
- Prescriptions for exercise were individually tailored to 
‘meet the standards used in the stress laboratory program, 
and substitute exercises were provided for make-up, week- 
‘ends and travel. 
The individual program was unsupervised, and the ex- 
ercises were similar to those performed by the joggers. 
However, subjects in this program had the options of run- 
ning in place, bench-stepping, bicycling, swimming, bas- 
ketball, skiing and swimming. Each subject was asked to 
send a weekly exercise record to the study physician. 
i Suggestions and changes were made in the prescription as 
needed. 

Approximately 6 months after the start of the program, 
participants were asked about factors influencing their 
adherence to the regimen, such as work situation, opera- 
tion of the program, views about physical activity, medi- 
cal problems and general reactions to the program. Rele- 
vant data were obtained from 98 percent of participants. 

Approximately 12 months after the base-line determi- 
nation, the following variables were reassessed: (1) select- 
ed health habits and attitudes, (2) cholesterol and tri- 
glycerides, (3) cardiovascular and orthopedic history and 
physical exam, (4) resting electrocardiogram and tread- 
mill test, (5) dietary patterns, (6) anthropometric mea- 


TABLE I 
Attendance from Date of Assignment to Date of Retest 


qureinnereestceinnn meets miee 





Mean 
ae ena Number of Days Exercised 
fe ; W jects 
-sonnel* (days/ per Average Week (9% of subjects) 
Exercise Program (no:)- week) 0 1 2 3-7 
All programs ` 237 = 1.3 52.5 91 13:4 250 
Stress laboratory WOLI 47.6 9118 | 15.8 24.8 
Jogging a PRB 13 80,3 TA. MALS 27.8 
Individual 42 1.2 63.6 3.2 6.7 26.5 


* Indicates only those who completed retest examination. 
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sures, (7) physical activity and smoking patterns, (8) ef- 
fects of the program on work, health, and health habits 
and behavior. The treadmill test. used was the same as 
that used in the previously described base-line examina- 
tion but was performed in the NASA stress laboratory and 
included an optional extra 5 minutes of exercise. The first 
3 minutes of this optional exercise were performed at a 
rate of 3 miles/hour (20 percent grade), the fourth minute: 
at 3.5 miles/hour, 20 percent grade, and the fifth minute 
at 4.0 miles/hour, 20 percent grade. All participants, re- 
gardless of adherence pattern, were urged to take part in. 
the retesting procedure. Oe 


Results 





A total of 998 persons met the criteria for eligibili- _ 
ty (Table I). Of these, 348 volunteered for the pro- 
gram, and 271 completed the base-line examination. — 
Of this group, 4 were excluded on the basis of a posi- 
tive double Master test, 2 were excluded because of 
other cardiac problems and 6 decided not to enter — 
the program. Of the remaining 259 men, about 60 | 
percent selected the stress labcratory program, about | 
20 percent the jogging program, and about 20 per- 
cent the individual program. Two hundred thirty- _ 
seven (92 percent) also participated in the retest ex- 
amination. aA m oe 

A group of nonparticipants, selected by ran- _ 
dom sampling, were interviewed to determine their | 
reasons for not joining the program. Job-related fac 
tors, such as heavy work load, travel schedule ai 
lack of time were cited most frequently. Next in fr 
quency were factors relating to operational aspects o 
the program such as the lengthy examinations ar 
the need for consent from a private physician. T 
in frequency was the subject's belief that he was a 
ready in good physical condition and did not need to 
be more physically active. Oe 

Data on adherence to the program, as assessed by — 
attendance, are outlined in Table I. Although the 3 
exercise programs are not fully comparable because | 
of differences in assessability of facilities, mean atten- _ 
dance rates were similar. Assessability may be in- 
ferred from the numbers of subjects who chose each _ 
program. The mean attendance rate was about half — 
of that prescribed. During an average week, about © 
half of the subjects did not exercise at all, about a 

























TABLE tll 


Specific Factors Cited As Having a Negative Influence on 
Adherence to Program (343 responses) 


l Fre- 
Specific Factors Cited quency 2% 
anani aei a a a iia j 
Work load 98 BB 
Travel ee FO 20° 
Conflicts between job and program schedule $2... 15 
Physical problems’ ee age RB. 
Operational aspects of program: ae See 39 11. 
Personal attitudes—lack of motivation 14 4 
Personal problems. Pee 8 3 
Supervisor's attitude toward program i i. 





































FIGURE 2. Treadmill test results: heart rate 


response vs. attendance. LYING 


th exercised 1 or 2 days and a fourth exercised 3 
re days. Because of the mechanism of acquiring 
from individual program participants, the data 
e individual program probably represent under- 
es of actual attendance. 

ors influencing participation: After the ex- 
e programs had been in operation for approxi- 
ely 6 months, participants were interviewed to 
sess factors influencing their participation. The re- 
its (Table III) reflect spontaneous replies to the 
ion: “What things do you feel influenced your 
evel of participation most?” The factors most 
n cited as having a negative influence on partici- 
on were directly related to the person’s job (that 
work load and travel schedule). Physical difficul- 
s and operational aspects of the program appar- 
ently also had a significant effect. The attitude of 
_ the respondent’s supervisor toward the program and 
the participant’s own attitudes toward exercise were 
cited less frequently. Lack of motivation was men- 
med by only 4 percent of participants. 

Of the physical problems cited, most were ortho- 
c. Fifty persons mentioned orthopedic or me- 
al difficulties (problems involving muscles, 
dons, joints, and the like). More than 60 percent 
_of this group indicated that the problem arose after 
_ they began to exercise, about 40 percent attributing 
eir difficulty to participation in the program. A 
jority indicated that they would participate more 
egularly if the exercise regimen were changed to ad- 
"just for these problems. 

ts of repeat treadmill tests: Repeat tread- 
| tests were performed by 237 participants 1 year 
after their base-line examination (Fig. 2). In addi- 
_ tion, 18 men considered to be “nonexercisers” were 
retested to provide control. data: These men were 





" toteach 4 heart rate of 140 beats/min. 
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physically inactive before, during and after initiatio 
of the program. Retest results indicated slight but 
not significant improvement in heart rate response in 
this group. Among participants, subjects whose at- 
tendance records fell in the middle and highest ter 
ciles had heart rate responses that were significantly 
different from those of participants whose atten- 
dance rate was in the lowest tercile. There was no 
significant difference in heart rate between subjects 
whose attendance rates were in the middle and high- 
est terciles. 
The mean time on the treadmill required to reach _ 
a heart rate of 140 beats/ min (Fig. 3) increased for 
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FIGURE 3. Treadmill test results: Mean change in time required © 
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TABLE IV ee 
Correlation of Mean Days Exercised per Week and 
~ Selected Dependent Variables (all participants) 


PONS OEO EAEra aa a 


Dependent Variable ` Correlation P 
(% change in) Coefficient Value 
Dc ee eae 
Cholesterol —0.01 NS 
Triglycerides —0.14 0.05 
Triceps skinfold —0.33 0.001 
Body weight —0.30 0.001 
Systolic blood pressure —0.18 0.01 
Diastolic: Hlood pressure —0.10 NS 
12 min stress test heart rate —0.36 0.002 
15 min stress test heart rate —0. 34 0.002 


nant nett arent 
NS = not significant. 


participants in the jogging program whose records 
-were in the middle and highest terciles. These differ- 
ences are significantly different from the values in 
the total group of records in the lowest tercile (P = 
0.01). No significant difference was obtained for any 
tercile group in the individual program. 

Simple linear regression analyses were performed 
on attendance and selected retesting variables 
(Table IV). Correlations were demonstrated between 
attendance and heart rate response (0.34 and 0.36), 
triceps skinfold measurements (0.33) and body 
weight (0.30). There was no evidence of association 
between attendance and cholesterol levels. The cor- 
relation with triglyceride levels was weak, but signif- 
icant. 
< The same analyses were performed for each exer- 
cise program (Table V). Correlations between atten- 
dance and exercise heart rates and skinfold measure- 
‘ments were greatest among the men in the stress 
laboratory program, and least among those in the in- 
dividual program. Significant associations between 


TABLE V 


Correlation of Mean Days Exercised per Week and Selected 
Dependent V&riables (by exercise program) 




















Stress 
Variable „Laboratory: 3 Jogging 7 Individual 
(% change in) r P r P r P 
Cholesterol —0.12 NS 0.00 NS 0.00 NS 
Triglycerides —0.27 0.01 0.00 NS 0.00 NS 
Triceps skinfold —0.46 0.001 0.00 NS 0.18 NS 
Body weight —0.37 0.001 —0.25 0.05 —0.07 NS 


Systolic blood pressure —0.34 0.001 —0.21 NS 0.00 NS 
Diastolic blood pressure —0.17 0.05 0.00 NS 0.00 NS 
min stress test heart 

; rate —0.43 0.001 —0.48 0.01 0.00 NS 
15 min stress test heart 

: rate —0.47 0.001 —0.40 0.01 0.00 NS 
-Personnel (no.) 49 ue 46 cow AR 


j i r iiaii 
NS = not significant; r = coefficient of correlation. 
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attendance and triglyceride levels, systolic blood 
pressure and diastolic blood pressure were found 
only in participants in the stress laboratory program. 

Effect on health attitudes: Concurrent with the 
final medical evaluation, an assessment was made of ~ 
the program’s effects on health attitudes and behav- 
ior. A self-administered questionnaire was used to 
determine whether participants believed the pro- 
gram had affected work or health status, habits and 
behavior. (Fig. 4). 

The relation between the reported effects on work 
performance and attitudes toward work was strong, 
and correlated well with attendance tercile. Partici- 
pants reported that they could work harder mentally 
and physically, enjoyed their jobs more and found 
their normal work routine less boring. Reported 
changes related to health included increased positive 
feelings about health status, greater stamina and 
energy, reduced weight and decreased stress and ten- 
sion. The effects reported on health habits and be- 
havior included change in diet, increased physical 
activity outside of the program, greater participation 
in recreational activity, more adequate sleep and rest 
and changes in smoking behavior. Multiple compari- 
gons were made between the reported and measured 
effects. Participants who reported greater stamina 
took longer to reach a heart rate of 140 beats/min: 
during the repeat treadmill test than those who did 
not report greater stamina; those who reported 
weight loss had lost weight. Those who reported in- 
creased physical activity outside of the program had — 
slightly greater improvement. in éxercise test results: 
than participants with attendance records in the 
same tercile groups who did not report increased 
outside activity (data not presented). Therefore, the _ 
reported program effects seem to have some validity. 


Discussion 


A variety of reasons for nonparticipation were elic- 
ited from the nonvolunteers studied. Job- or work- 
related reasons were more frequently cited by men 
who showed no interest in the program than by men ` 
who had expressed interest in it. Negative views 
about the self or physical activity, or both, were 
more commonly expressed by men who did not vol- __ 
unteer for the program than by men who volun- l 
teered. Reasons reflecting a negative attitude toward 
the program were expressed relatively infrequently 
by all groups. Unfavorable reactions to various oper=: 
ational aspects were more common among men who. 
had learned more about the program than among — 
men who expressed no interest in it (data not pre- 
sented). Physical or medical reasons were cited more _ 
often by men who volunteered for the program but — 
who did not participate than by men who were not 
interested in the program or did not volunteer for it. 
The requirement for clearance by a personal physi- 
cian was the factor most frequently cited as a nega- 
tive influence on participation.” 

A clear and consistent pattern differentiated the 
health attitudes and beliefs of nonparticipants and 








PERCENT OF RESPONDENTS REPORTING BENEFICIAL EFFECTS 

























FIGURE 4, Total program effects 
relation to adherence. 


those of participants. This pattern included thoughts 
d feelings about physical activity in terms of need, 
enefits and the perceived determinants of health 
control. Our findings suggest that the program 
should have included specific educational efforts to 
nċe potential participants’ attitudes about 

their personal need for the program and its benefits. 
_ The attendance data presented were obtained 
from all persons who received both a base-line and a 
-retest exercise stress test and who were at some 
oint assigned to an exercise program.* The mecha- 
1isms of recording attendance for the stress laborato- 
and jogging programs were superior to those used 
he individual program. However, many partici- 
_ pants reported that they were performing exercise in 
on to program requirements. The additional 
exercise did not become a part of attendance records. 
In light of differences in technique used to calculate 
attendance in other studies, 12-13 the attendance data 
- for this program are similar to reported attendance 
rates. The participants’ reports of positive and nega- 
_ tive influences on attendance corresponded well with 
the staff’s impressions. Work load and travel sched- 
ule accounted for considerable absenteeism. Ortho- 
p and other physical problems were generally 
_ transient in nature; very few persons experienced dif- 
ficulties that would preclude exercise for a protract- 
ed period of time. The attitude of the on the job su- 
_ pervisor apparently had considerable influence. If 
this attitude was negative, many subjects reported 
that they exercised on their lunch hour to avoid 
ing difficulties. Finally, there was an unquanti- 
feeling among many participants that their ex- 
ercise was right in frequency and duration, even if it 





~ *Those who left the employ of NASA during the course of the 
> study were excluded from this analysis. 
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PROGRAM EFFECTS 


did not approach that prescribed. Further education 
of the participants might have yielded better atten- 
dance. 

Physiologic effects of physical activity pro- 
grams: Although the effects of the physical activity. 
programs on the physiologic variables measured are 
not startling, several are significant by the usual cr 
teria and several are noticeably insignificant. There 
was a definite relation between participation and 
heart rate response to the standard exercise load. 
There was also a significant correlation between per- 
cent change in body weight and attendance. A sepa- 
rate multiple regression analysis involving atten- 
dance versus change in both heart rate measure- 
ments and body weight was performed. The results 
indicated that the changes in heart rate were not sig- 
nificantly influenced by the changes in body weight 
(data not presented). Therefore, the exercise pro- 
gram itself, and not weight loss, seems to be the 
chief reason for the changes in heart rate response. 
The significant reduction in skinfold thicknesses may 
have been due to both weight loss and physical ac- 
tivity. It is difficult to say that the weight loss itself 
was due to physical activity since many participants 
dieted as well, although this was not part of the pro- 
gram. Most participants reported that they did not 
lose weight as a result of the exercise program alone; 
additional dietary restriction was necessary. 

The slight changes in blood pressure might have 
been due in part to a fault in study design since 
base-line values were obtained after the subject ha 
been lying for 5 minutes in a quiet room whereas re- 
test measurements were obtained in another, less 
quiet room after a resting 12 lead electrocardiogram 
had been made. However, most subjects reported 
feeling “calmer” during the retest than during the 
base-line examination. 
















































We expected blood lipid levels to be lower on re- 
test.14 Triglyceride levels did fall somewhat, as ex- 
pected. However, mean cholesterol values actually 
increased 10 mg/100 ml for all participants over the 
- 1 year period. Duplicate samples were sent to the U. 
<S. Public Health Service Lipid Standardization Lab- 
oratory in Atlanta, Ga., and blind duplicate samples 
were sent to the regular laboratory. Analysis of these 
data lead us to believe that the lipid determinations 
were accurate. We can only conclude that this pro- 
‘gram did not have a beneficial effect on serum cho- 
lesterol levels. 

Comparison of exercise programs: The base- 
line physiologic variables were remarkably similar in 
all 3 groups. Once each subject chose an exercise 
‘program, physical condition during the base-line ex- 
rmination bore no relation to future attendance; 
owever, subjects with the highest cholesterol levels 
at the time of base-line study tended to exercise 
‘more often (data not presented). Participants in the 
jogging and. stress laboratory programs showed a 
similar degree of change in heart rate response vari- 
ibles. The other variables “improved” only in 
‘subjects in the stress laboratory program. This dis- 
‘crepancy may in part be due to the small number of 
joggers. The striking lack of improvement in re- 
‘sponses of subjects in the individual program is in- 
eresting, since this was the only unsupervised pro- 
gram. The staff considered that participants in this 
program did not fully understand the exercise regi- 
men and that they lacked the group spirit that may 
have goaded participants in other programs into 
‘more strenuous exercise. 
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The sociopsychological evaluation indicated that 
virtually all changes or effects reported by partici- 
pants were judged by them to be due to participa- 
tion in the program. In addition, the specific effects 
attributed to the program were viewed as positive or 
beneficial. The few negative effects reported con-. 
cerned increase in food consumption (4 percent of 
participants) and weight gain (3 percent of partici- 
pants). Feelings of better health and increased stam- 
ina were the most. frequently cited effects. 

Clinical implication: It is evident that participa- ` 
tion in a health program can have several direct and 
indirect effects on health habits and behavior. These 
effects are usually linked to a change in the person’s . 
health orientation, indicating greater interest in and 
awareness of health. In considering the total benefits 
of a health program and in evaluating the range of. 
possible effects, it is important to evaluate these . 
consequences. In short, participation in a preventive 
health program can influence how a person thinks . 
and feels and what he does about promoting health 
and preventing disease. The questions of actual im- 
provement in longevity or work performance, or 
both, remain to be answered. 
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For detection 





Burdick Stress/Exercise Monitoring 


The value and importance of treadmill stress- 
testing procedures lie in the detection of 
Clinically unsuspected or “silent” coronary 
heart disease. By observing ECG responses 
to exercise tests, coronary disease can be 
detected prior to clinical manifestation in 
the form of angina pectoris or myocardial 
infarction. 

Burdick’s Ex-ECG system includes a 5”- 
screen cardiac monitor with integral HR- 
meter and 12-lead ECG preamp in com- 
bination with the EK/5-S automatic-start 
electrocardiograph and DC defibrillator—all 


conveniently mounted on a mobile console 
stand. 

Versatility of the Burdick Ex-ECG system is 
further demonstrated by the fact the same 
equipment can also be utilized as an emer- 
gency cardiac station or a 1-bed ICU as 
needed. 

Ask your Burdick dealer for a demonstration 
and complete information or write The Bur- 
dick Corporation, Milton, Wisconsin 53563. 


BURDICK 








07-\ ip) [eo] Eo] e) 


Left Main Coronary Artery Disease 
Protective Effect of Beta Blockade in Coronary Occlusion 
Index Issue 


Contents on Page A-5 


A YORKE MEDICAL JOURNAL 








zF 


Lasix’ | 
furosemide | 
Tablets / Injection 


WARNING — Lasix (furosemide) is a potent diuretic 
which if given in excessive amounts can lead to a 
profound diuresis with water and electrolyte depie- 
tion. Therefore, careful medical supervision is re- 
quired, and dose and dose schedule. have to be ad- 
justed to the individual patient's needs. (See under 
“DOSAGE AND ADMINISTRATION,”} 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurials, thiazides and other 
heterocyclic compounds. it is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; . 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle’s loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chioro-N-furfury!-S-sulfamaylan- 
thranilic acid. 


INDICATIONS — Lasix (furosemide) is indicated for 
the treatment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired. 


If the gastrointestinal absorption is impaired or oral 
medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route. 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.g, 
acute pulmonary edema. 


Parenteral administration should be reserved for pa- 


: tients where oral medication of Lasix (furosemide) is 


not practical. 


Hypertension -Lasix Tablets may be used for the 
treatment of hypertension alone or in combination 
with other antihypertensive drugs. Hypertensive pa- 
tients who cannot be adequately controlled with thia~ 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS—-Because animal reproductive 
atudies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated in 
women of child-bearing potential, 


Lasix is contraindicated in anuria. If increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and in states of electrolyte 
depletion, therapy should not be instituted until the 
basic condition is improved or corrected. Lasix is 
contraindicated in patients with a history of hyper- 
sensitivity to this compound. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


WARNINGS—Excessive diuresis may result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and with the possibility of vascular 
thrombosis and embolism, particulary in elderly pa- 
tients. 

Excessive joss of potassium in patients receiving 
digitalis glycosides may precipitate digitalis toxicity, 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte, CO: and BUN determina- 
tions should be performed during the first few months 
ot therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


An. patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden alterations of fluid and 
electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 


As with many other drugs, patients. should be ob- 
served regularly for the possible occurrence of blood 
dyscrasias, liver damage, or other Idiosyncratic re- 
actions. 

In those instances where potassium supplementation 
is required, coated potassium tablets should be used 
onipvahen adequate dietary supplementation is not 
practicat. 

There have been several reports, published and 
unpublished, concerning nonspecific small-bowel te- 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thiazides with potassium salts. These lesions 


may occur with entericscoated potassium tablets 
alone or when they are used with norenteric-coated 
thiazides, or certain other eral diuretics. 


These smail-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have: eccurred. 


Available information temcs to impiicate enteric- 
coated potassium saits, though lesions of this type 
aiso occur spontaneously. Therefore, coated potas- 
sium-containing formulations should be administered 
only when indicated, ars? should be discontinued 
immediately if abdominal sain, distention, nausea, 
vomiting, Of gastrointestina: bleeding occurs, 


Patients with known suiienamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS—As with ans potent diuretic, electro- 
lyte depletion may occur curing therapy with Lasix, 
especiaily in patients recewing higher doses and a 
restricted salt intake. Electralyta depletion may man- 
fest itself by weakness, dizziness, lethargy, jeg 
cramps, anorexia, vomiting, and/or mental confusion. 
tn edematous hypertensive patients being treated 
with antihypertensive agents, care shoeld be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications, 





Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen. These have been observed in associa- 
tion with dehydration, whict should be avoided, par- 
ticularly in patients with remal insufficiency, 


Cases of reversible deafness and tinnitus have been 
reported following the injection of Lasix, These ad- 
verse reactions occurred when Lasix was injected at 
doses exceeding several iewes the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likey to occur in patients with 
severe impairment of renal dunction and in patients 
who are also receiving drugs known to be ototoxic, 
Periodic checks on urine asd biood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alteratiens in glucose tolerance 
tests with abnormalities of ine fasting and two-hour 
postprandial sugar have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may tower serum calcium levels, 
and rare cases of tetany huve been reported. Accord- 
ingly: periodic serum calciwm levels should be ob- 
ained. 


Patients receiving high deses of salicylates, as in 
rheumatic diseases, in conminction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretasy sites. 


Sulfonamide diuretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubncurarine. Great caution 
should be exercised in aviministering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any elec- 
tive surgery, 


ADVERSE REACTIONS — Various forms of dermatitis, 
including urticaria and reme cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur, 





Anemia, leukopenia, aplasii: anemia, and thrombo- 
cytopenia (with purpura} may occur, Rare cases of 
agranulocytosis have occurmd which responded to 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported, These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See “PRECAUTIONS.”) 


In addition, the following rare adverse reactions have 
been reported; however, reigtionship ta the drug has 
not been established with certainty: sweet taste. oral 
and gastric burning, paradamical swelling, headache, 
jaundice, thrombophlebitis end emboli (see “WARN- 
INGS”), and acute pancrestifis. 





Lasix induced diuresis maybe accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 
cramps, thirst, increased perspiration, urinary bladder 
spasm and symptoms of urinary frequency. 


As far as hyperglycemia is concerned, see "PRE- 
CAUTIONS." 


Transient pain after intramusnular injection has been 
reported at the Injection site. 


DOSAGE AND ADMINISTRE ZION 

Oral Administration -The usual dose of Lasix is 1 to 
2 tablets (40 to 80 mg.) gimea as a single dose, pref- 
erably in the morning. Ordimarily, a prompt diuresis 


ensues. Depending on the malient's response, a sec- 


ond dose can be administered 6 to 8 hours later. 
This dosage and dosage schedule can then be main- 
tained or even reduced. H the diuretic response with 
a single dose of 1 to 2 tablets (40 to 60 mg.) is not 
satisfactory, e.g in a patient with congestive heart 
failure refractory to maximal doses of thiazides, the 
following schedule should be used: increase this 
dese by increments of 1 tablet (40 mg.) not sooner 
inan 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This indi- 
vidually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m). 
The dose of Lasix may be carefully titrated up to 600 
mg. per day in those patients with severe clinical 
edematous states, Higher doses are currently under 
investigation, 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent 
dosage schedule in which the diuretic is given for 2 
to 4 consecutive days each week. With doses exceed- 
ing 80 mg.j/day and given for prolonged periods, 
careful clinical and laboratory observations are par- 
ticularly advisable. 


Hypertension--The usual dose of Lasix (iurosemide) 
is one tablet (40 mg.) twice daily both for initiation 
of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when 
this compound is used with other antihypertensive 
drugs, especially during initial therapy. 


The dosage of other agents must be reduced by at 
jeast 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood pressure. 
As the blood pressure falis under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. ft is further recommended, if one tab- 
fet (40 mg.) twice daily does not lead to a clini- 
cally satisfactory respanse, to add other hypotensive 
agents, e.g., reserpine, rather than to increase the 
dose of Lasix. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. ` 


Parenteral Administration -The usual dose of Lasix 
is 1 to 2 ampules (20 to 40 mg.) given as a single 
dose, injected intramuscularly or intravenously. The 
intravenous injection should be given slowly (1 to 
2 minutes). Ordinarily, a prompt diuresis ensues. 
Depending on the patient's response a second dose 
can be administered two hours after the first dose 
or later. 


If the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg} is not satisfactory, e.g., in a 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours alter the previous dose until the desired diuretic 
effect has been obtained. This individually deter. 
mined single dose should then be given once or twice 
daily. Parenteral administration should be reserved 
for patients where oral medication is not practical, 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this is prac- 
tical jor continued mobilization of edema, 


Acute Pulmonary Ederva—Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treat- 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par- 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg.) of Lasix are to be slowly injected intra- 
venously immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours later if that is indicated by the pa- 
tient’s condition. 


H deemed necessary, additional therapy (e.9.. digi- 
talis, oxygen) can be administered concomitantly. 
Until more experience ts accumulated in the pediatric 
use of Lasix {furosemide}, children should not be 
treated with the drug. 


HOW SUPPLIED-—Lasix (furosemide) Tablets are 
supplied as white, monogrammed, scored tablets of 
40 mg. in amber bottles of 100 (FSN 6505-062-3336), 
500, and Unit Dose 100s (20 strips of 5), Lasix ine 
jection is supplied as a sterile solution in 2 mi. am- 
ber ampules; boxes of 5 (FSN 6505-435-0377) and 
50. Each mi. contains 10 mg. furosemide (with so- 
dium chloride for isotanicity and sodium hydroxide 
to make the solution slightly alkaline). 

Note: Exposure to light may cause slight discolor- 
ation which, however, does not alter potency. 


J HOECHST 


WY MA PHARMACEUTICALS, INC. 
SOMERVILLE, N.J. 08876 
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Your experience 
with Lasix’ (furosemide) 
has proven its usefulness 
in office practice. 





Tablets 
40 mg. 


O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

O Patient inconvenience is minimal since diuresis 
is usually complete within 6 fo 8 hours. 

O In long-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient's individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 
prescribing information.) 


Ossining; ROSEI 





Meet 154 members of the Ossining Fire Department- 
78 of them may have elevated lipid levels. 


Volunteers screened for serum 
cholesterol above 250 mg.% and/or 
serum triglycerides above 150 mg.% 


Recently, members of the Ossining, New 
York Volunteer Fire Department and its 
women’s auxiliary cooperated in a one-time 
screening program* to determine their lipid 
levels.! These were people representative of 
most American communities—businessmen, 
teachers, shopowners, professional men, 
craftsmen, and housewives. And from the 
tabulation of the single-test results among 
these typical men and women, three strik- 
ing findings emerge: the prevalence of 
cholesterol levels above 250 mg.% and tri- 
glyceride levels above 150 mg.%, the un- 
awareness of their existence, and the early 
age of test subjects in whom they were 
found. 


Incidence of such levels—50.6%; 


~ unawareness almost universal 


Of the 154 subjects tested, 78 (50.6%) 
were found to have serum cholesterol levels 
above 250 mg.% and/or triglyceride lev- 


*Important Note: A single determination is not 
sufficient to establish the diagnosis of hyper- 
lipidemia. ~ 


, 


Be 7 pe 


els above 150 mg.%. In only 7 of these 78 
did cholesterol levels alone exceed the spec- 
ified value. Both cholesterol and triglycer- 
ides were higher in 23 individuals, while 
triglycerides alone proved higher than the 
specified value in the remaining 48 persons. 

Of the 78 Ossining subjects noted above, 
75 had not known about their lipid values. 
This finding is consistent with that of Stam- 
ler et al.,? who report that a majority of the 
millions with elevated serum cholesterol 
are entirely unaware of its presence because 
they have never been tested for it. A fur- 
ther note of interest : 44 of these 78 subjects 
were below the age of 40. 


The importance of testing for both 
cholesterol and triglycerides 


The Ossining program only demonstrates 
the prevalence of cholesterol levels above 
250 mg.% and/or triglyceride levels above 
150 mg.%, and is in no way intended to 
imply a clinical evaluation. It also indicates 
the importance of evaluating both choles- 
terol and triglyceride levels. For example, 
had the Ossining volunteers been checked 
only for cholesterol, triglyceride levels 
above 150 mg.% would not have been 
found in 71 individuals. 


The significance of the Ossining 
volunteers: they’re like the patieni 
you see every day 


The U.S. Public Health Report (19 
using one parameter of measurement, | 
mated that 1 out of 5 Americans over 
age of 17 has a serum cholesterol 1 
higher than 260 mg.%.* As the Ossir 
tests suggest, cholesterol represents only 
factor in the overall assessment of sei 
lipid levels, which includes triglycei 
concentrations as well.*® 

So in your own practice when you tes 
test for both serum cholesterol and trig 
eride levels. 





AYERST LABORATORIES 
New York, NY. 10017 


Ayerst. 


See last page of advertisement for prescribing informat 


ertrickson‘ has found that over 95% of patients with primary hyperlipidemia 
illbe detected if both cholesterol and triglyceride levels are determined. 


Vhether serum cholesterol alone is elevated... 
riglycerides alone are elevated... 


rboth are elevated 


Atromid-S’ 


he most widely prescribed 
vid-lowering agent: 9 years 

' clinical experience 

hen adequately repeated baseline studies 
real significantly high serum cholesterol 
1/or triglycerides, an attempt should first 
made to reduce them by means of appro- 
ate dietary restrictions. When the re- 
mse to diet is inadequate, initiate 


CROMID-S therapy. 


linical experience has 

own that in responsive 
tients 

‘holesterol levels above 250 mg./100 ml. 
(mg.%) have decreased as much as 35 
yercent ... and reductions up to 50 per- 
sent have been reported® 

riglyceride levels above 150 mg./100 ml. 
(mg.%) have decreased as much as 61 
yercent ... and reductions up to 90 per- 
‘ent have been reported® 

he higher the initial level the greater 
he reduction 

ipid-lowering effect is usually noted dur- 
ng the first month of therapy 












AN IMPORTANT NOTE: Ithas 


not been established whether drug- 
induced lowering of serum cholesterol 
or other lipid levels has a detrimental, 
a beneficial, or no effect on the morbid- 
ity or mortality due to atherosclerosis or 
coronary heart disease. Several years 
will be required before current investi- 
gations can yield an answer to this 
question. 





Brand of 


clofibrate 


The importance of maintaining 
Q.I.D. dosage 


Once elevated serum cholesterol and/or 
elevated serum triglycerides have been re- 
duced, a reduction in dosage may result in a 
renewed rise in lipid levels. Therefore, one 
simple dosage regimen is recommended for 
all patients at all times. Start and maintain 
therapy with one capsule (500 mg.) Q.I.D. 


Eight year study demonstrates 
continued control 

of hyperlipidemia’ 

Because of its persistent nature, hyperlip- 
idemia requires continued therapy. It is 
important, therefore, that the prescribed 
anti-hyperlipidemic agent maintain effec- 
tive control over serum lipid levels. 

Fifty responsive hyperlipidemic patients 
were treated with ATROMID-S, 2 Gm. 
daily for six to eight years. Cholesterol 


alone was elevated in 8 patients, while both | 


cholesterol and triglyceride were elevated 
in the remaining 42. The group comprised 
28 women and 22 men whose ages range 
from 41 to 65 years. Normalization or sub- 
stantial reduction of elevated serum levels 
of cholesterol and/or triglycerides occurred 
in each patient and was maintained through- 
out the entire period of treatment. 
According to the investigator, “Our data 
indicate that clofibrate (ATROMID-S®) 
is a potent hypolipidemic agent which may 
be administered continuously for long peri- 
ods of time without any decrease in its ef- 
fectiveness. ...”? He further states: “With 
this agent, normalization of the cholesterol 
or triglyceride levels or both may be ex- 
pected... .”’7 


Visible evidence of 
effectiveness 


In the presence of xanthomata due to 


excessively high serum lipid levels, j 
ATROMID-S frequently provides visible 


evidence of its effectiveness. In some pa- 
tients xanthomatous lesions disappear com- 
pletely, while in others their size and/or 
numbers are reduced. 


If Given In Conjunction With 
Anticoagulants 


WARNINGS: CAUTION SHOULD BE EX- 
ERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S (CLOFIBRATE). THE DOS- 
AGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED BY ONE-THIRD 
TO ONE-HALF (DEPENDING ON THE IN- 
DIVIDUAL CASE) TO MAINTAIN THE 
PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE 
UNTIL IT HAS BEEN DEFINITELY DE- 
TERMINED THAT THE LEVELS HAVE 
BEEN STABILIZED. 


Average reduction in lipid levels maintained throughout eight year study’ 


Mean Value of 
CHOLESTEROL 
inmg./‘ 


(50 Patients) 


| — 
271 


1 YEAR 


(42 Patients) 


Adapted from Berkowitz’ 








Mean Value of 
— TRIGLYCERIDES 


inmg./% 


6YEARS 7YEARS 8 YEARS 


(42Patients) (42 Patients) (29 Patients) 
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BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


ATROMID-S (clofibrate) 


Indications: ATROMID-S is indicated where reduction of 
erum lipids is desirable, e.g., patients with hypercholesterol- 
emia and/or hypertriglyceridemia. 
Patients with hyperlipemic states involving elevation of both 
serum triglycerides.and serum cholesterol generally have a 
more favorable response than those with primarily hypercho- 
Jesterolemia and normal triglyceride levels. However, since re- 
‘sponse is unpredictable, a therapeutic trial with ATROMID-S 
ould be undertaken in patients with only hypercholesterolemia. 
n patients with essential hyperlipemia and xanthomatosis, 
he skin lesions frequently have regressed on ATROMID-S 
therapy. 
Contraindications: While teratogenic studies have not 
demonstrated any effect attributable to clofibrate, it is known 
‘that serum of the rabbit fetus accumulates a higher concentra- 
tion of clofibrate than found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system 
re uired for the excretion of clofibrate. 

‘oung women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women in 
the childbearing age may be undertaken in patients exercising 
‘strict birth control procedures. In patients who then plan to 
become pregnant the drug should be withdrawn several 
months before conception. 

Because pregnancy is a possibility despite birth control pre- 
cautions, the possible benefits of clofibrate to the patient must 
be weighed against possible hazards to the fetus in women of 
childbearing age. Since it is not known if clofibrate is secreted 
inhuman milk, the drug should not be given to lactating women. 
< This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 

It is not recommended for use in patients with impaired renal 
-or hepatic function. 

‘Warnings: CAUTION SHOULD BE EXERCISED 
"WHEN ANTICOAGULANTS ARE GIVEN IN CON- 
JUNCTION WITH. ATROMID-S (CLOFIBRATE). 
‘THE DOSAGE OF THE ANTICOAGULANT SHOULD 
BE REDUCED BY ONE-THIRD TO ONE-HALF 
DEPENDING ON THE INDIVIDUAL CASE) TO 
“MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN DE- 
‘TERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE 
EVELS HAVE BEEN STABILIZED. 

Precautions: Before instituting clofibrate therapy, attempts 

: should be made to control serum lipids with appropriate dietary 
regimens, weight loss i in obese patients, control of diabetes. 
mellitus, etc. 

Because of the long term administration ofa drug of this: 
nature, adequate base line studies should be performed to de> 


and perio det inations. : 






withdrawn after three months if response is S nadenate How- 
ever, in the case of xanthoma tuberosum, treatment should be 
continued for longer periods (even up to one year) provided z 
there is a reduction in the size ofthe xanthomata. 

During the early stages of ATROMID-S (clofibrate) ad- 
ministration, serum transaminase determinations should be 
made, Mild transient increases in these tests have been noted 
in some patients. This is thought to be a result of the metabolic. oe 
effect of the drug rather than a toxic effect. However, if i 
steadily rising or excessive abnormalities occur, the drg.: 
should be immediately withdrawn, ; 

Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of hy- 
poglycemia occurring two hours after ingestion of 1 Gm. of.” 
clofibrate in a patient receiving tolbutamide. Although a. daysal ay 
effect was not established, caution should be observed i in dia- p 
betic patients. 

Adverse Effects: ATROMID-S has been well tolerated by 
most patients. The most common side effect is nausea, noted in 
approximately 5 per cent of cases.-Other less common gastro- 
intestinal side effects include vomiting, loose stools, dyspepsia,” 
flatulence, and abdominal distress. Headache, dizziness, 

fatigue, weakness, skin rash, urticaria, pruritus, stomatitis 

have been reported occasionally, K 

A slight and transient rise in serum glutamic oxaloacetic 
and/or glutamic pyruvic transaminases has been observed in 
some patients, but there is no evidence to suggest that this.is 
due to hepatotoxicity. A few instances of increased BSP reten= 
tion have been reported. One patient receiving butobarbitone, 
phenobarbital, phenindione, tetracycline, and clofibrate devel- 
oped agranulocytosis which was attributed by the investigato 
to the clofibrate. A few cases of leukopenia have been reported, 
but relationship to ATROMID-S administration has not bees ee 
established, a 

Polvphagia and weight gain have been noted in a few 
patients. It has been suggested that this may be due toincreased © 
deposition of subcutaneous fat. However, this has not been pr 
established nor has it been definitely determined thatthe 
weight gain is drug-related. Instances of weight loss have also 
been reported, One investigator reported congestive heart 
failure in a few patients on clofibrate. However, subsequent » 
study by this investigator has shown no increase in circulating 
plasma volume. 

Several instances of muscle cramping, aching, or weakness: 
were reported. One patient with muscle cramps.also showed a 
concomitant rise in SGOT. A few female patients have oo 
reported (reversible) dry, brittle hair. Three cases of alopecia. 
areata occurring during ATROMID-S administration have 
been reported; relationship to this drug has not been established. 
Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg. ) four times daily. 
Supplied: No. 243—Each capsule contains 500 mg. clofibrate, 
in bottles of 100. wee 
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Excessive anxiety in ‘he 


The Somatic Protest 
Although he has valid reason for con- 
cern, the person convalescing from myo- 
cardial infarction may react to his illness 
with disproportionate anxiety, which can 
hinder smooth recovery and rehabilita- 
tion. Undue anxiety and emotional 
tension may, in some patients, markedly 
increase catecholamine excretion during 
stay in, and on day of transfer from, the 
CCU, causing increased heart rate, in- 
creased cardiac output and intensified 
A Oxygen consump- 
tion by heart muscle. 
Excessive anxiety 
Wa cal (1) increase feel- 
Right bundie branch block. iNgs Of frustration at 
forced inactivity, (2) foster undue preoc- 
cupation with heart function, (3) diminish 
capacity to tolerate prospect of work 
stress and (4) retard rehabilitation. A 
calm outlook and reduction of excessive 
emotional stress are thus desirable 
Adjunctive anti- 
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postcoronary patient... 


both effective and comparatively free 
from undesirable side effects. Extensive 
clinical experience has demonstrated 
that Librium (chlordiazepoxide HCI) ful- 
fills these requirements with a high 
degree of consistency. 

Librium has an outstanding record 
of effectiveness with safety. After more 
than 12 years of wide clinical use, expe- 
rience with Librium continues to reflect 
its highly favorable therapeutic index. In 
general use, the most common side 
effects reported have been drowsiness, 
ataxia and confusion, particularly in the 
elderly and debilitated. At the physician’s 
discretion, Librium may be administered 
for extended periods, without diminution 
of effect or need for increase in dosage. 
When treatment is prolonged, periodic 
blood counts and liver function tests are 
advisable. When anxiety has been re- 
duced to tolerable levels, Librium therapy 
should be discontinued. 


For moderate to severe 
anxiety adversely affecting 
cardiac function 


we aCunctive 
Librium 10mg 

(chlordiazepoxide HCI) 

1or 2 capsules tid/gid. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see following page for summary of product information. 
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adjunctive 


Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about 
possible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patiemts against 
hazardous occupations requiring complete 
mental alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to small- 
est effective dosage (initially 10 mg or less 
per day) to preclude ataxia or oversedation, 
increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, 
if combination therapy with other psycho- 
tropics seems indicated, carefully consider 
individual pharmacologic effects, particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treatment 
of anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures necessary. 
Variable effects on blood coagulation have 
been reported very rarely in patients receiv- 
ing the drug and oral anticoagulants; causal 
relationship has not been established 
clinically. 


ae 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libido 
—all infrequent and generally controlled 
with dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; blood 
dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been 
reported occasionally, making periodic 
blood counts and liver function tests advis- 
able during protracted therapy. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Ora/—Adults: 
Mild and moderate anxiety and tension, 5 or 
10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxide 
HCl) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose® 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5mg, 10 mg and 25 mg— 
bottles of 100 and 500. With respect to 
clinical activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N. J. 07110 


Adjunct to cardiovascular drug therapy 


Librium (chlordiazepoxide HCl) is used concomitantly 
with certain specific medications of other classes of drugs, 
e.g., cardiac glycosides, diuretics and antihypertensive agents, 
whenever anxiety is a clinically significant factor. 


for relief of excessive anxiety in functional 


and organic cardiac disorders 


Librium 


(Chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 
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Now the complete capability for the safe, 
continuous monitoring and recording of patient 
heart action during PHYSICAL STRESS TESTING 

has been designed into one compact instrument! 


e The Model 2900 Heart Monitor features a large, two-channel oscilloscope display that permits 
continuous real-time observation of the patient's ECG waveform during stress testing 

e A built-in digital heart rate meter that provides an easy-to-read numerical display of the patient’s 
heart rate and operates in an instantaneous mode of BPM or a mean-rate mode that averages 
the last 15 beats 

e A built-in ECG paper writer that is designed to AHA recommendations and can be used 
independently for 12-lead ECG’s 

e An optional automatic timer/programmer that can be preset to automatically turn on the paper 
writer and record at desired intervals 

e A unique, optional S-T segment computer/display that computes and numerically displays S-T 
segment elevations and depressions to one-tenth of a millimeter 


For more information and/or a demonstration, just use the reader service card or return the coupon below. 
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O Please send literature O Contact me for a demonstration 
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CLINICAL STUDIES 


Left Main Coronary Artery Disease. Clinical, Arteriographic and Hemodynamic Appraisal 


PETER LAVINE, DEMETRIOS KIMBIRIS, BERNARD L. SEGAL and JOSEPH W. LINHART. 


Amortality rate of 10 percent was associated with cardiac catheterization of 30 patients with 70 percent or 
more obstruction in the left main coronary artery. Because of this high risk of sudden death, coronary 
arteriography should be performed with caution in patients with severe angina pectoris, very positive exer- 
cise test, easily induced angina, heart failure with stress, and calcification in the left main coronary artery. 


Significance of Isolated Left Anterior Hemiblock and Left Axis Deviation During Acute Myocardial 
Infarction 


DANIEL T. KINCAID and ROBERT E. BOTTI 


Twenty-nine of 225 patients with acute myocardial infarction had frontal plane left axis deviation (—45° or 
more leftward) without complete bundle branch block. The mortality rate was 3.5 percent in these 29 pa- 
tients with left axis deviation, 7 percent in patients with classic left anterior hemiblock, and 15 percent for 
all the patients. Isolated left anterior hemiblock or extreme left axis deviation neither increases mortality 
nor complicates the course of a patient with acute myocardial infarction. 


Effects of Lidocaine and Propranolol on the Normal and Anomalous Pathways in Patients 
with Preexcitation 


KENNETH M. ROSEN, CHRISTA BARWOLF, ALI EHSAN! and SHAHBUDIN H. RAHIMTOOLA 


His bundle recording and atrial pacing studies in 11 patients with preexcitation disclosed that lidocaine de- 
pressed anomalous pathway conduction and propranolol depressed atrioventricular nodal conduction. 
Both drugs could affect reentrant tachycardia in patients with this syndrome by depressing part of the cir- 
cus pathway. 


Effect of Isoproterenol on the Abnormal T Wave 


FUHEID S. DAOUD, BORYS SURAWICZ and LEONARD S. GETTES 


Isoproterenol (1 to 9 ug) given intravenously to 106 patients with abnormal negative T waves reversed T 
wave abnormality in 96 percent of patients with QRS <0.10 second but not in patients with QRS 20.10 
second or with myocardial infarction or pericarditis. The effect of the drug on the T wave is attributable to 
unequal shortening of repolarization in different areas of myocardium. 


Regression of Extreme Pulmonary Hypertension After Mitral Valve Surgery 


JULIAN C. ZENER, E. WILLIAM HANCOCK, NORMAN E. SHUMWAY and DONALD C. HARRISON 


Fifteen of 19 late survivors of mitral valve surgery with a preoperative pulmonary arterial systolic pressure 
greater than 15 mm Hg were studied an average of 29 months after operation. Findings indicated that even 
extreme degrees of pulmonary hypertension and increased pulmonary vascular resistance due to mitral 
valve disease regress markedly if surgical treatment adequately depresses the left atrium. 
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IT ALL STARTS 
WITH THE SOLID- 
STATE BURDICK 
EK/5 


NEW 
CAPABILITIES IN 
ELECTROCARDIOGRAPHY 


Y Excellence in Electrocardiography 
The solid-state EK/5 features high frequency response with consistent 
accuracy and definition—providing new diagnostic capabilities. 
Simple to operate. 


A Stress-Exercise Monitoring 
In detecting “silent” coronary heart disease, the diagnostic accuracy 
of the EK/5 is an essential element of the instrumentation required for 
evaluation of the patient’s heart activity under controlled stress 
conditions. 


oe The Compact Coronary Care Center 


The EK/5 is an essential part of the CCCC, designed and developed 
by Burdick specifically for unlimited versatility in limited space, 
full mobility, and complete equipment utilization in any department. 


(°) Computer Capabilities 
Burdick’s EK/5 is compatible with computer ECG analysis—rejects are 
eliminated because the doctor sees what the computer ‘‘sees.” 








See your Burdick dealer for the full inside 


story on the EK/5 — or write The Burdick BURD ICK 


Corporation, Milton, Wisconsin 53563. EE L E a a 








7 Surgical Treatment of Unilateral Renal Vascular Disease. Prognostic Role of Vascular : 
Changes | in Bilateral Renal Biopsies . 


DONALD G. VIDT, FREDRICK M. YUTANI, LAWRENCE J. MCCORMACK, RAY W. GIFFORD, J, 
BRUCE H. STEWART, THOMAS C. McLAUGHLIN, THOMAS F. MEANEY and DAVID A. McEWEN 











This retrospective analysis of 33 patients with unilateral renal arterial stenosis and hypertension tonohia: eE, 
that the prevalence and severity of arteriolarsclerosis is greater in the kidney contralateral to the renal : 
arterial stenosis. Furthermore, the presence or absence of such arteriolar sclerosis is not sufficiently ac- 
Curate as a prognostic index to justify the hazards of this procedure in evaluating patients for t surgery for : 
occlusive renal artery disease. 










EXPERIMENTAL STUDIES 


3 , p “Protective Effect of Beta Adrenoceptor Blockade in Experimental Coronary Occlusion in. ; 
‘Conscious Dogs 


MAIDUL I. KHAN, JOHN T. HAMILTON and GEORGE W. MANNING 







This study shows that protection against ventricular fibrillation after experimental coronary. occlusion in. 
conscious dogs is due mainly to the beta receptor blocking effects rather than the membrane-stabil izing ` 
actions of Inderal, Sotalol, dl-propranolol and Practolol. me 







: ` Protection Against Epinephrine-Induced Myocardial Necrosis by Drugs that 
` Inhibit Platelet Aggregation 


JACOB |. HAFT, KENNETH GERSHENGORN, PAUL D. KRANZ and ROLF OESTREICHER 







This experimental study in dogs pretreated with aspirin or dipyridamole and then with epinephrine demon- ` 
strates the protective effects of these antiplatelet aggregating agents and implicates intravascular platelet: 
aggregation in catecholamine-induced myocardial necrosis. The result and obvious clinical correlate, not 

really confirmed, is that pharmacologic protection against epinephrine-induced platelet aggregation may 

possibly alter the natural progression of atherosclerosis. 











Spread of Excitation from the Atrium into Thoracic Veins in Human Beings and Dogs 
MADISON S. SPACH, ROGER C. BARR and PAUL H. JEWETT 





Atrial and thoracic vein mapping in patients demonstrated that the earliest site of atrial-activity ranged from -~ 
a low to high position along the sulcus terminalis and that cardiac muscle extended for 2 to 4-cm into all . 
of the thoracic veins except the inferior vena cava. Ultrastructural studies revealed. atrial muscle. in the 
‘thoracic veins of the dog. Atrial muscle extended superiorly into the superior vena cava of the dog to a 
far greater degree than it extended into this vessel in man. 


METHODS 


- 855 Quantitative Radionuclide Angiocardiography for Determination of Chamber to Chamber 
: Cardiac Transit Times 


ROBERT H. JONES, DAVID C. SABISTON, Jr., BRYCE B. BATES, JAMES J. MORRIS, 
a PAGE A. W. ANDERSON and JACK.K. GOODRICH 





‘ These quantitative radionuclide angiocardiographic studies demonstrate the ease and valle of this simple 
technique and suggest that the pulmonary mean transit.time is prolonged primarily by decreased cardiac 
output in-mitral. stenosis and by increased pulmonary blood volume in aortic: insufficiency. 


© continued 
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Holter DCG Monitoring Case History No. 19 
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Courtesy of Cardio-Dynamics Laboratories, Inc. 


A dynamic electrocardiogram was performed on a 
23-year old female, who had previously complained of 
symptoms of rapid palpitations and chest pain. During 
the 10-hour recording period, the patient reported nu- 
merous symptoms, including hot flashes, chest heavi- 
ness, shortness of breath, etc. 

During the first part of the tracing (see first strip), the 


. patient reported no symptoms while walking, although 


minimal J-point depression was noted on the recording. 
However, the patient later complained of shortness of 
breath and chest heaviness while walking (see second 
strip). This time the recording showed marked ST seg- 
ment depression and T-wave inversion associated with 
cardiac rate increase. The DCG documentation of the 
ischemic ST-segment shifts permitted an accurate diag- 
nosis on this young female with myocardial ischemia. 


NEW SCANNING CENTERS PUT 
24-HOUR DCG HOLTER MONITOR- 
ING WITHIN MEANS OF EVERY 
PHYSICIAN! 


Now, for those physicians who would like to employ 
the latest, up-to-date, DCG Holter heart monitoring 
procedures, it is no longer necessary to make an 
initial investment of $11,000 to install a complete 
DCG system. Now the doctor serves the patient — 
and new scanning centers serve the doctor. 


For less than $2000 any physician can obtain an 
Avionics Electrocardiocorder™ — a small unique por- 
table tape recorder — and the associated instrumen- 
tation. It includes everything he needs to provide his 
patients with continuous Holter monitoring imme- 
diately. The physician or his assistant performs the 
patient hook-up in a 10-minute office procedure. The 
patient wears the heart monitor for 4, 12, or 24 hours. 
Then the tapes can be sent to a qualified cardiologist- 
controlled scanning center where they are scanned 
and documented for a modest fee (approximately 
one-half of the usual DCG charge). 


The patient benefits by the greater validity and re- 
liability of a continuous DCG recording made over a 
prolonged period while he is subject to normal physi- 
cal and emotional stress, and the doctor benefits by 
an improved procedure that yields better patient data 
while requiring less physician time. 


For more information, return the coupon below. 





AVION cs 


AVIONICS RESEARCH PRODUCTS 


division of Del Mar Engineering Laboratories 

6901 West Imperial Highway 

Los Angeles, California 90045 

Phone (213) 641-6334 | 


i [C] Please send me the literature, | would like to i 
know more about the Avionics Dynamic Electro- 
| cardiographic Systems™ and Holter monitoring. | 


| C] Send the literature, and schedule me for a visit- J 
ing demonstration. | am definitely interested in 
acquiring this kind of equipment. 


Please refer me to a specialized, quality-con- 
trolled, cardiologist-supervised scanning center. | 


| Name 

Title & Specialization 
| Address 
| City 








State FAD oa 













HISTORICAL Mi MILESTONES 


xperimental N Myocarditis and Endocarditis (Ribbert, 1886) 
SAUL JARCHO- 











: This milestone presents an interesting example of the thinking and research on n experime i al myocarditis 
S and endocarditis in the heroic 19th-century age of pathologic anatomy. ; 





PEDIATRIC CARDIOLOGY 


a ~ Left to Right Atrial Shunts in Infants 
JULIAN I.E. HOFFMAN, ABRAHAM M. RUDOLPH and DELORES DANILOWIGZ 
This study of 24 infants less than 1 year old with a left to right atrial shunt demonstrates that such shunt 


may disappear spontaneously, leading to the underestimation of the incidence of this lesion i in n infanoy § a 
early childhood. 








‘Changes of Atrioventricular Conduction with Age in Intants and Children 
JOSE B. ABELLA, OTTO H. P. TEIXEIRA, KABI P. MISRA and ALOIS R. HASTREITER 
Analysis of the atrioventricular conduction intervals in 100 consecutive intracavitary His bundle recordi 


in infants and children with a normal P-R interval reveals the normal range of P-R, P-H, P-A; A-H and 
intervals are age-dependent and can be calculated by simple formulas from the P-R interval. 





te Onset Complete Heart Block. Newly Recognized Sequela of Cardiac Surgery 
HATHUR J. MOSS, GWEN KLYMAN and GEORGE C. EMMANOUILIDES 










he development of delayed complete heart block 1 month to 14 days after cardiac surgery in 20 children 
suggests that this complication is more common than previously believed and may develop without an i 
_ initial transient period of complete atrioventricular dissociation or evidence of bilateral bundle branch dam- 
age. The data indicate a need for careful evaluation of postoperative conduction disturbances since the 
„complication is more common in patients with a damaged bundle branch. 








DIAGNOSTIC SHELF 











388 _ Morphologic Features of Right Ventricular Ectopic Beats 
EDWARD J. SWANICK, FRANK LaCAMERA, Jr. and HENRY J. L. MARRIOTT 





AS found in this study of right ventricular ectopic beats produced by stimulating the. endocardi ne 
right ventricle with a nonpacing catheter tip, morphologic clues suggesting such ectopic beats rather than. 
: left bundle branch block include a wide (>0.4 second) r wave in lead V;, a QS or rs complex deeper ins 
than in Vi and right axis deviation in the frontal plane. 


CASE REPORTS 


892 Intermittent Left Anterior Hemiblock with Wenckebach Phenomenon 


-> STELIO MANGIOLA 








Progressive o or sudden changes in the configuration, deviation and: mean frontal piane: axis of the QRS com- 
-pilex in a60 year old woman with ischemic heart disease are attributable to direct or incompletely con- 
: S cealed Wenckebach phenomenon in the anterior division of the left bundle branch. This case is the first to 
document directly this unusual condition in the conventional electrocardiogram. 


continued 





AFTER TREATMENT WITH CARDIOQUIN TABLETS 
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Lead 1 


Atrial Fibrillation 
Precordial Lead 
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Paroxysmal Atrial Tachycardia 
Premature Ventricular Contractions 


To convert to normal sinus rhythm, 
and maintain...and maintain...and maintain... 
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In the 


“treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 


t cases 


ICS 


m 
) are indicated in the treatment of: premature 
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D. dosage 
Greater G.I. tolerance 


PURDUE FREDERICK 


G COPYRIGHT 1972, THE PURDWE FREDERICK COMPANY/YONKERS, NEW YORK 10701 


ine card 
*From case records on file with the Medical Department, The Purdue Frederick Company. 


a 
BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate 


in 
4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 


LD. or TI. 


Full qu 


established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 


complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 


' 


Low B 


atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 


fibrillation; 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 


275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 


adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 


arrhythmias, and may be repeated in 3 
nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED: 


increased by Y2 to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 
Uncoated, scored tablets in bottles of 50. 


Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: 


> 





: Left Bundle Branch. Block with Intermittent Right Axis Deviation. Evidence for Left Posterior Hemi- 
- block Accompanying Predivisional Left Bundle Branch Block 


-ZAKAUDDIN VERA, GUNGOR ERTEM and TSUNG 9: CHENG: 







Left bundle branch block with intermittent right axis deviation in a 73 year old man is attributed to the co- 
existence of left posterior hemiblock and predivisional left bundle branch block. 






2 Prinzmetal’s Variant Form of Angina with Arteriographic Evidence of Coronary Arterial Spasm 


RAJA W. DHURANDHAR, DAVID L. WATT, MALCOLM D. SILVER, ALAN S. TRIMBLE and... 
ALLAN G. ADELMAN 






Arteriographic evidence of spasm of the proximal right coronary artery with poor distal runoff: coincident 


with the onset of chest pain in a 52 year old carpenter supports the Prinzmetal hypothesis for a variant form 
of angina. 






_ Congenital Coronary Aneurysms with Angina Pectoris and Myocardial Infarction Treated with 
_ Saphenous Vein Bypass Graft 


ALLAN L. MATTERN, WILLIAM P. BAKER, JAMES J. McHALE and DIXON E. LEE 









_. Progressive aneurysmal dilatation of a coronary artery may cause continued symptoms or infarction after : 
otherwise technically successful saphenous vein graft surgery as demonstrated by the course of this 26 
year old woman with bilateral congenital coronary arterial aneurysms associated with myocardial infarction’ ee 
and angina pectoris. 







Corrected Transposition of the Great Arteries Masquerading as Coronary Artery Disease 
ARTHUR DODEK and WILLIAM A. NEILL 






5 An army veteran who died at age 50 years from heart failure and cardiac arrest is 1 of only 4 people with a 
corrected transposition of the great vessels known to have survived to this age. His relative longevity ap- 
pears related to the absence of other significant cardiac defects. 






“Successful Operative Correction of intrapulmonary Rupture of a Post-Traumatic Left Ventricular 


_ Aneurysm. Documentation of Complete Spontaneous Closure of an Associated Ventricular Septal 
~ Defect 


D. LUKE GLANCY, SAMUEL B. ITSCOITZ, CHARLES L. McINTOSH, SIDNEY LEVITSKY, 
STEPHEN E. EPSTEIN and ROBERT L, REIS 







Spontaneous complete closure of a traumatic ventricular septal defect occurred after the successful surgi- 
cal repair of a left ventricular aneurysm that had ruptured into the lung. Both injuries developed i in a24 year 
old Papago Indian man after he was stabbed in the precordium. 


EDITORIALS 





99 Some Controversy Regarding the Peripheral Distribution of the Conduction System 
HERMANN. UHLEY 
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Linnaeus called her felis catus. Ancient 
Egypt worshipped the domestic cat, 
deifying her as the goddess Pasht. 
Cat lovers throughout history have 
credited her with acute sensory powers, 
including the ability to distinguish friend 
from foe, warn of silent attack, 
foretell disaster. 


Now, man has VIDA. This pocket-sized 
cardiac monitor keeps continuous watch, 
alerting its wearer that ventricular 
fibrillation, the death-causing arrhythmia, 
may be imminent. Triggered by 
VPC’s or other pre-set 
conditions, the alert may give 
time to prevent fibrillation 

and sudden death. 


Remote diagnosis can be 
made from the VIDA’s 
modulated tone which 

the patient can telephone 
over any distance to a 
VIDAGRAPH" in his 
physician’s office or ina CCU. 


Third of a series. Reproductions on request suitable for framing. 


La CARDIODYNAMICS -VIDA MEDICAL SYSTEMS 


¢ Y 6841 DUBLIN BLVD., DUBLIN, CALIFORNIA 94566 
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n the eve of the bility of the 


CARDIODYNAMICS -VIDA MEDICAL SYSTE 


6841 DUBLIN BLVD. DUBLIN, CALIFORNIA 94566 


September 1, 1972 


n October, 1969, Cardiodynamics was organized to develop 
VIDA, the first portable VPC warning system. In the three | 
ears since, we have been sustained and greatly encouraged 
- by the repeated expressions of interest from physicians 
In all corners of the United States. 


The first production models of VIDA are now available. The 
ianufacturing technology is intricate, and we have spared no 
ains to ensure the sensitivity, accuracy and reliability 

VIDA. We hope you will appreciate — because of this — 
iat the initial quantity is limited. 


ce VIDA is a unique new cardiac device, specially trained 
, namics representatives will make personal delivery 
JA. These men are fully familiar with the operating 
rinciples involved in VIDA and backgrounded in the latest 
inical applications. They are available on request 
for advice and assistance. 


As rapidly as possible, additional quantities of VIDA will be _ ; 
distributed to all sectors of the United States. Meanwhile, 
we thank you again for your interest and your patience. 


E For further information on VIDA including pricing and 
_ Specifications, please write to us at the address above. 


Sincerely yours, 
s p i 


Robert L. Chapman, — 
President 
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System 80. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data’ show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


i Q : Bu 
DATASCopE SYSTEM 80 f 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

** U.S. Patent 73,347,452 


Datascope System 80 
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Why we think 


Brush biomedical recorders 
are your best choice. 
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aac WE HAVE WHAT YOU NEED. 
RIY „d Choose from 1 to 8 channels on 
— - = our high performance direct writing 
recorders. Or select a special pur- 
pose recorder from our complete 
line. We have an x-y recorder. A 
lightbeam oscillograph with up to 
16 channels. And an 8-channel hi- 
“Noe call) speed multipoint. All with built-in 
eter oe Brush quality and dependability. 
AN ADVANCED PRODUCT. Whichever Brush recorder you choose. you'll 
have the ability to monitor all the physiological para- ror 
meters you need. q a 
ACCURACY. |ts guaranteed to 99.5% even over an f 
80mm chart span by our Metrisite® non-contact servo- f 
loop feedback device. f ee 
CLEANEST TRACES. Our pressurized inking system | 2 
eliminates smudges, smears, skips and puddles. Traces | ° 
are actually forced into the paper, not just laid on top. | 
So they’re always crisp and clean. 
Send for our 36 page full color catalog. Write Gould | --« 


a Inc., Instrument Systems (L 
Dila Division, 3631 Perkins |= 
| Avenue, Cleveland, f 
Ohio 44114 or Rue Van |A 
SES) E ee Boeckel 38, Brussels, WZ 
St 1140, Belgium. 


Our traces Thermal traces 


} Q ogogo Go U 

















Universal Coupler 





BRUSH INSTRUMENTS 
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Pee 
another 
pacemaker. 






duced on the world market in 1963, they've had a history of increased safety 
é patient.* We think that’s why you'll want to know more about the Biotronik family 
of pacemakers. 


e The Biotronik interference shield offers: 
Better protection from external environmental magnetic or electrical fields 
without the risk of tissue necrosis. 
Better protection from pulse generator damage because of moisture penetra- 
tion from the surrounding tissue. 
e Biotronik has less than three percent failure rate during the first 24 months. 
That’s the reason the makers of Biotronik can offer a full 24-month replacement 
warranty. 


e Biotronik’s reliable end of life indicator lets you and your patient know when 
the batteries need replacement. 


a 
fe 
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For more information about Biotronik, send today for complete literature. 


*Complete literature 
available on request 
from 


| 





U.S. DISTRIBUTORS OF BIOTRONIK 
Airport Station 
St. Petersburg, Fla. 33732 
813-536-2791 
E 24 hr. Answering Service 


Own an HP system, 


and you'll know you made 
the right decision. 


From the start, an HP Medical Field Specialist works with you. 
He defines exactly what’s needed to create a complete system 
for you—down to the last patient cable. Supplies all the 
answers your architect needs on floor space, cable runs 
power requirements. Doesn't leave the hospital until 

your system is in and operating correctly. 


He'll be back soon—and at regular intervals 
afterward. Briefing your staff on how to use all the 
capabilities of the system . . . teaching them 
through “hands on” methods . . . answering all 
their questions. And he’s there in the future 
without being called: making safety and cali- 
bration checks, following up on system per- 
formance in your day-to-day operations. f 


If you need help fast in a life-support 
situation, he will either make repairs on the 
spot or have equipment flown in from HP’s 
emergency standby pool. For routine service, 
he prefers — as you do—to keep the equip- 
ment where it belongs: in your hospital. 


When you own an HP medical system, 
you'll know an HP Medical Field Specialist. 
You'll know his background... the years he 
has spent in hospitals like yours . . . why he 
puts your satisfaction before everything else. 
You'll know HP instrumentation was the right 
decision, that HP people are people you can 
count on. Hewlett-Packard, Waltham, Mass. 
02154. In Europe: HPSA, P.O. Box 85, CH-1217 
Meyrin 2, Geneva. 
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Pre-Publication Offer To Readers 


of YORKE MEDICAL JOURNALS 
Save $4.00 off regular price 


Now more than ever... 
essential guidance for every 
physician involved in 
prescribing, testing, 
administering modern drugs 
and diagnostic aids 


ALL NEW 1973 
12th EDITION 


R 
N 
$8 


A 





MODERN DRUG ENCYCLOPEDIA 


and THERAPEUTIC INDEX 


Thousands of changes since the previous edition . . . hundreds 
of brand new entries... gives brand names... generic 
names...chemical names... descriptions... indications... 
pharmacological actions... indications and ‘contra-indica- 
tions... precautions... warnings . . . adverse reactions... 


dosage and administrations... availability . .. Bureau of 
Narcotic and Dangerous Drug Schedules and Ratings... 
Blood serum level toxicity schedules ...for over 3,000 


currently used ethical drugs. 


In short, everything you need for quick, comprehensive referencing in one 
ruggedly bound, easy to handle volume. 


PLUS—Special Chapters on pharmacologically similar drugs. 


PLUS—The All-important therapeutic index...for the widest possible 


therapy selection. 


PLUS—A Manufacturers Index, listing Company Names, Addresses and 


their products. 


AND our editorial staff of physicians and pharmacists has 
compiled a NEW GENERAL INDEX for your convenience. 
It’s scientifically designed for first hit look ups by both generic 
and brand names. 


MODERN DRUG ENCYCLOPEDIA is always up-to-date... 
with your purchase of MDE-12 you will receive FREE of 
charge a two year supplement service — MODERN 
DRUGS. 


Please order now . . . make sure your copy of MDE-12 is reserved and earmarked for your office. And save $4.00 in the 


process. 


12th EDITION MODERN DRUG ENCYCLOPEDIA 


THE YORKE MEDICAL GROUP 
666 Fifth Avenue, New York, New York 10019 


Please reserve one copy of the new 12th Edition of MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC INDEX 
at the special pre-publication price of $26.00. Regular price $30.00 (Outside U.S.A. pre-publication price 


r 
| 
| 
| 
| 
| 
| 
l 
- $33.00, regular $37.00). 

| C My check for $______is enclosed. 
| (Publisher pays billing and ahiipping costs. 
| Y 
l 

l 

l 

l 

l 

l 

l 

l 

| 


If in New York State, please a 
appropriate sales tax). 


O Bill me. 


(Shipping and Billing Charges 
$1.00 extra). 
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WHAT WE DON'T KNOW 
ABOUT OUR DIET CAN HURT US, 
HEART PANEL FINDS 


Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources; reached in the course cf its in- 
vestigation of risk factors in cardiovascular 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that “Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising: '* 

Helping people to choose foods wisely is 
something we've been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary information— model 
menus and recipes—so they can plan bal- 
anced family meals low in cholesterol and 
saturated fats, and you don't need to spend 
as much of your own time in explanation. If 
you would like sample copies to give your 
patients, just fill out and mail the coupon, 
and we'll be happy to oblige. 


“Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 





Fleischmann's Margarines 
Box 1180 
Elm City, North Carolina 27822 


Please send me sample copies of the following 
publications: 


O “Dietary Control of Cholesterol" 
O "Low-Sodium Diets Can Be Delicious” 


O “The Prevention of Heart Disease Begins 
in Childhood" 


Dr. 


street 





city 


state zip 


Allow 4 to 6 weeks for delivery. Orders without ZIP code 
cannot be accepted. Offer good only in U.S.A. Void where 
prohibited or restricted by law. 


Fleischmann’s Margarine -= 
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ISOSORBIDE DINITRATE 5mg. 
goes beyond the benefits 
of sublingual nitroglycerin 





¥ 





For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


O Acts almost as fast as 
nitroglycerin. ..lasts about 
4 times as long. 


0 5 10 30 








onset of action... 
inutes 
duration of action... 


NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
sublingual nitroglycerin: 

it can be stored or carried with 
no significant loss of potency. 


And when indicated: Sorbitrate” 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (iso- 
sorbide dinitrate) is unknown, although the basic pharmacologic 
action is to relax smooth muscle, Isosorbide dinitrate reduces in 
number and severity the incidence of angina pectoris attacks, with 
concomitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and 
treatment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort 
the acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
is indicated for patients in whom the angina pectoris is accom- 
panied by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early 
days of the acute phase of myocardial infarction are insufficient 
to establish safety, Phenobarbital may be habit forming. 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance and cross tolerance to other nitrates may 
occur, 

Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the 
headaches which usually diminish or disappear as therapy is 
continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation 
with flushing; transient dizziness and weakness as well as other 
signs of cerebral ischemia associated with postural hypotension; 
individual marked sensitivity to the hypotensive effects of nitrates 
wherein severe responses can occur even with the usual therapeu- 
tic dose (alcohol may enhance this effect); drug rash and/or ex- 
foliative dermatitis. 

This drug can act as a physiological antagonist to norepineph- 
rine, acetylcholine, histamine and other agents. 
pears and Administration: Route: Sublingual, oral and chewable 
tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the 
smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 
4 times daily. Although the onset and duration of effect of coro- 
nary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Ettect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours. 

It is recommended that the oral dosage be taken on an empty 
stomach. 


STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 
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The new MDI-100 high rate atrial pacer. The most flexible external 
pacer ever developed. It’s two pacers in one. 





The unit can be used as a high rate atrial 
pacer — useful in the control of atrial 
re-entrant rhythms. Or as a fixed rate ven- 
tricular pacer. In the ventricular mode, a 
mechanical lock prevents the rate control 
from being turned past 150 pulses per min- 
ute. The unit has been used to convert atrial 
flutter or to control ventricular tachycardia 
caused by atrial fibrillation. 


This is the first unit to have adjustable pulse 
width control which enables you to achieve 
atrial capture. 


A unique, automatic battery detector will 
flash a warning light when the standard 
transistor batteries are within hours of de- 
pletion, and the light will continue to flash 
until batteries are replaced. 


The new MDI-100. From 50 to 5,000 ppm. 
Two pacers in one. Write today for more 
information on procedures and equipment. 
We think it will quicken your pulse. 


S¥STEMS, ... On record for innovation 
Med Data in medical data systems 


O Please have your representative contact me regarding the place- 
ment of an MDI-100. 
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Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myocardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


Brand of 


Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls by a 
nonspecific antiarrhythmic action. 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 
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the beta-adrenergic blocking agent 


Inderal 


propranolol hydrochloride 


10mg.and 40mg. Tablets 
1mg./cc. Injectable 
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(See following page for Brief Summary.) ` 

















‘BRIEFSUMMARY -n 
(For full prescribing information, see package circular.) 


Inderal’ 
(propranolol hydrochloride) 


BEFORE USING INDERAL (PROPRANOLOL) HYDROCHLORIDE), 
THE PHYSICIAN SHOULD: BE THOROUGHLY FAMILIAR WITH 
THE BASIC CONCEPT QF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 








INDICATIONS 
INDERAL is indicated in the mamagement of: 
1} CARDIAC ARRHYTHMIAS 
a} Paroxysmal atrial tachycardia: 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 
c) Atrial flutter and fibrillation 
In the majority of cases. of flutter.or fibrillation, a beneficial effect is ob- 
tained by the reduction of ventzicular response (reduced ventricular rate) 
to the atrial tachyarrhythmia by partial. A-V block, Occasionally, normal 
sinus rhythm may be restored,. but the mechanism of this action is un- 
known, oe 
d) Tachyarrhythmia of digitalis intoxication 
Digitalis-induced tachyarrhythmias may lead. the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. 
Digitalis-induced ‘tachyarrhythmias are usually reversible within minutes 
by INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance with oral therapy is indicated. (See Dosage and Administra- 
tion.) 
e) Tachyarrhythmias associated with anesthesia 
Tachyarrhythmias during anesthesia may sometimes arise because of car- 
bon dioxide accumulation, surgical stimulation, or catecholamine admin- 
istration. When visual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL. should not be used to 
treat arrhythmias associated with anesthetics that produce myocardial de- 
pression, for example, chloroform.and ether. 
f) Ventricular tachycardias 
When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may 
be given intravenously slowly and in low dosage. (See Dosage and Ad- 
ministration.) Although risks must necessarily be taken to control the ar- 
rhythmia in these cases, the cautious use of the drug will reduce them to a 
minimum. Care in the administration of INDERAL and constant monitoring 
with an electrocardiograph is essential, as the failing heart requires some 
sympathetic drive to maintain myocardial tone. 
g) Occasionally in severe tachyarrhythmias, the reduction of ventricular 
rate with use of INDERAL may permit a more accurate electrocardiographic 
diagnosis of the arrhythmia. 
2} HYPERTROPHIC SUBAORTIC STENOSIS 
INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction, The control of 
angina, syncope, vertigo, and paipitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 
3) PHEOCHROMOCYTOMA 
INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
tumors, but do not prevent excessive cardiac stimulation by catechola- 
mines. However, INDERAL should always be used concomitantly with 
alpha-receptor blockaders since antagonism of the dilator (beta) action of 
epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
operable or metastatic pheochromocytoma, INDERAL is a useful adjunct 
to the management of symptoms dhe to excessive beta-receptor stimulation. 

CONTRAINDICATIONS 
INDERAL.: is: contraindicated in: 4) bronchial: asthma; 2) allergic rhinitis 
during the pollen: season; 3) sinus bradycardia and greater than second 
degree or total heart block; 4) cardiogenic shock; §) right ventricular fail- 
ure. secondary to pulmonary hypertension; 6) congestive heart failure (see 
under WARNINGS) unless the failure is secondary to a tachyarrhythmia 
treatable with INDERAL, i.e. some patients with congestive failure exhibit- 
ing rapid heart rates due. to- a strong sympathetic. component, with in- 
adequate response to maximum doses of digitalis: and diuretic, may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that produce myocardial depression 
such as chloroform ‘and ether; 8) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. = : 
WARNINGS 

CARDIAC FAILURE: Sympatheticstimulation.is a significant component in 
supporting circulatory function in congestive heart failure; and inhibition. 
with beta-blockade always carries the potential hazard of further depres- 
sing myocardial contractility and! precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment: with INDERAL 
should be carried out cautiously and preferably under the protective cover 





INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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nt digitalization. INDERAL (propranolol hydrochloride) acts 
selectively without abolishing the inotropic action of digitalis‘on the heart 
muscle (i.e. that of supporting the strength: of myocardial contractions). 


an patients without a history of cardiac failure, continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure, In rare instances, this has been observed during INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized; and the response observed closely: 
ja) if cardiac failure: continues to progress, INDERAL therapy must be 
immediately withdrawn: [b] however, if tachyarrhythmia is being con- 
trolled, patients should be maintained on combined dosage and the patient 
slosely followed until threat of cardiac failure is over: 


PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised in 
the administration of INDERAL to patients subject. to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or 
oral hypoglycemic agents; Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
[pulse rate and pulse pressure changes] of acute hypoglycemia, 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established. Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or: fetus be 
weighed against the expected therapeutic benefit. š 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should 
Þe closely observed when INDERAL is introduced into the treatment regi» 
men. The added catecholamine blocking action of this drug may then pro- 
@uce an excessive reduction of the resting sympathetic nervous activity,” 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
tacks, or orthostatic hypotension. : 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 

Ya the majority of patients INDERAL is well tolerated, and. side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Nausea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and fa- 
tigue) have been observed during the course of clinical investigation. One 
case of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined with aching and 
sore throat, visual disturbances, and hallucinations have also been re- 
ported, Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL. 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 


tablished. 

DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 
ORAL 


Acrhythmias—10-30 mg. three or four times daily, before meals and at 
bedtime. 


Hypertrophic Subaortic Stenosis~20-40 mg, three or four times daily, before 
meals and at bedtime. 


Paeochromocytoma—Preoperatively-60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent.—Management of inopereble tumor-30 mg. daily in divided doses. 
INTRAVENOUS 
The usual dose is from 1-3 mg. administered under ECG monitoring. The 
rete of administration should not exceed 1 mg. (1 cc.) per minute. Suffi- 
cient time should be allowed to enable a slow circulation to carry the 
dag to the-site.of action. Once an alteration in-rate of rhythm is recorded, 
itis advisable to give no further INDERAL until the full effect is observed. 

Depending on: the response, a second dose may be repeated after two 
minutes. Additional medication should not be given in less than four hours. 
Therapy with oral dosage is advisable as-soon as possible. 
NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 
administered intravenously. 

SUPPLIED 
Inderal? 
(propranolol hydrochloride) 

TABLETS-No. 461-Each tablet contains 10 mg.. of propranolol hydro- 
chioride, in bottles of 100 and 7,000. 
Mo. 464—~Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and ‘1,000. ; 
IMJECTABLE-No, 3265~Each cc: contains 1 mg. of propranolol hydro- 
chioride in Water for Injection. The pH is adjusted with citric acid. Sup- 
pitied as: 1 cc. ampula—Boxes of 10. 
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~ Left Main Coronary Artery Disease 


co Clinical, Arteriographic and Hemodynamic Appraisal 


» PETER LAVINE, MD Thirty patients with 70 percent or greater obstruction in the left main __ 


“DEMETRIOS KIMBIRIS, MD, FACC coronary artery were evaluated during hemodynamic and angiogra- o 
> BERNARD L. SEGAL, MD, FACC phic studies. There were 25 male and 5 female patients; the average 
_ JOSEPH W. LINHART, MD, FACC age was 54 years. Twenty-seven patients had moderate to severe 


angina pectoris, with 14 noting an increase in severity of chest pain 
within 6 months before arteriography. Six patients also had hemody- 
namic evaluation by atrial pacing. In each, angina pectoris was easi- 
ly induced, and all 6 had abnormal pacing ventricular function curves 
with marked increase in left ventricular end-diastolic pressure asso- 
ciated with a reduction in left ventricular stroke work. ae 

Image intensification fluoroscopy revealed calcification in the left ne 
main coronary artery in 7 patients. A striking finding was the severity oo 
of obstructive disease in the other coronary arteries. Eight patients 
had total occlusion of the right coronary artery, and 29 of the 30 pa- 
tients had 2- or 3-vessel disease. Significant coronary arterial collat- 
eral vessels were noted in 21 patients. Contraction abnormalities 
were present in 24 left ventriculograms. 

Three deaths were associated with cardiac catheterization (mor- 
tality rate 10 percent). Only 2 of 18 patients who underwent aortocoro- 
nary bypass surgery died. The 16 surgical survivors are in clinically 
improved condition after a follow-up period of 10 months. Three of 9 
patients not operated on have died, all within 1 month of arteriogra- 
phy. 

Because of the high risk of sudden death, coronary: arteriography 
should be performed with caution in a patient with severe angina — 
pectoris, very positive findings on exercise testing, easily induced 
angina and heart failure with stress and calcification in the left main __ 
coronary artery. After cardiac catheterization all patients should un. 

ae ne RE E o a -dergo routine monitoring and, when technically feasible, saphenous. - 
“>> and Hospital, Philadelphia, Pa. Manuset: vein aortocoronary bypass surgery shouid be performed. 
ic received April 6, 1972, accepted June 23, 


1972. 


l ‘Address for reprints: Joseph. W. Linhart, 
| MD. Division of Cardiology, Hahnemann There is frequently a poor correlation between the extent of anatom- 


"Medical College and Hospital, 230 N. Broad ic coronary artery disease and the functional significance of this dis- 
-eSt Philadelphia, Pa. 19102. ease. 14 Therefore, clinical and hemodynamic clues relating to a dis- 
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C LEFT MAIN CORONARY ARTERY DISEASE—LAVINE ET AL. 


< tinctive angiographic abnormality that might aid in 
< the determination of diagnosis or prognosis would be 
welcomed. This report reviews the clinical and 
hemodynamic data of 30 patients with disease of the 


-> left main coronary artery documented by coronary 
| cinearteriography. At least 70 percent or more occlu- 


sion of that vessel was noted. In addition, 6 subjects 


-~ had evaluation of left ventricular function by atrial 


pacing before coronary arteriography. 

Except for 1 recent. report concerning patients 
with obstructive disease of the left main coronary ar- 
tery, a complete definition of the clinical presenta- 
tion, the extent of disease in the other coronary arte- 
ries and hemodynamic evaluation of subjects with 
left main coronary artery disease is not presently 


i available. 


Methods 


-2 The records of all the eoronary arteriograms performed 
¿at the Hahnemann Medical College and Hospital from 
~~ April 4969 to June 1971 were reviewed, and those patients 

- ‘who had left main coronary arterial obstruction of 70 per- 
eent or more were selected for study. In addition, from 
July 1971 to February 1972 all patients who had left main 
coronary arterial obstruction of 70 percent or more were 
entered into the study in.a prospective fashion. Informa- 
tion was obtained from the hospital records with regard to 
<- othe frequency and severity. of angina pectoris, past history 

of acute myocardial infarction, family history of coronary 
heart disease, electrocardiogram at the time of catheteri- 
zation and lipid studies. The coronary cinearteriograms 
and left ventriculograms were reviewed. Follow-up infor- 
mation on each patient was obtained from the referring 
physician. 

The degree of angina pectoris was classified according 
to frequency and severity as follows: Grade 1 occasional 
pain (not more than 7 times/week), grade 2 more frequent 
pain (several times/day), grade 3 pain occurring at rest as 
well as on exertion, and graile 4 crescendo angina. 

The resting electrocardiegrams were regarded as normal 
or as showing nonspecific abnormalities, ischemia or 
transmural infarction. 

In all patients, selective coronary arteriography was 
performed by the Sones technique.® The coronary arteries 
in each arteriogram were graded as follows: normal, lumen 
irregularities with less than 50 percent obstruction, 50 to 
75 percent obstruction, 75 to 95 percent obstruction, or 
total (100 percent) occlusien. Single plane left ventriculo- 
graphy was performed with the patient in the right anteri- 
or oblique position. The left ventriculograms were inter- 
preted as normal or as showing areas of hypokinesis, akin- 
esis, dyskinesis or combinations of these defects.7 

In 6 patients, before angiography, left ventricular hemo- 
dynamic evaluation was performed by right atrial pacing 
performed according to a method previously described." 
From the control and pacing hemodynamic information, 
pacing ventricular functiory curves were constructed before 
and after the induction of angina pectoris by relating the 
induced changes in left ventricular end-diastolic pressure 
and stroke work. Stroke work (in gram-meters) was calcu- 
lated from the following formula: 


Stroke work = [FAm — LVEDP] x SV x 1.36/100 


where FAm = femoral artery. mean pressure, LVEDP = 
left ventricular end-diastolic pressure and SV = stroke 
volume. 


Results 
Clinical Observations 


There were 30 patients, 25 male and 5 female; the 
average age was 54 years (range 40 to 70 years). 

Twenty-seven of the 30 patients had angina pecto- 
ris. Sixteen patients had grade 2 angina, 8 grade 3 
angina and 3 crescendo or grade 4 angina. Fourteen 
patients had noticed an increase in the severity of 
chest pain in the 6 months before coronary arter- 
iography. In the 3 patients free of chest pain, 1 had 
recurrent ventricular tachyarrhythmia, 1 had rheu- 
matic heart disease and complained of severe dy- 
spnea on exertion, and 1 had belching that was re- 
lated to exertion and considered an anginal equiva- 
lent. Nineteen of the 30 patients had a history of 
previous myocardial infarction. Fourteen had a posi- 
tive family history for coronary heart disease. Thir- 
teen patients had increased serum cholesterol (great- 
er than 275 mg/100 ml), 3 had diabetes and 5 had 
type IV hyperlipidemia. The electrocardiograms re- 
vealed a transmural infarction in 19 patients. Nine 
patients had ischemic or nonspecific ST-T wave 
changes. The electrocardiograms were considered 
normal in 2 patients. 


Angiography 

Coronary arteriography: The left main coronary 
artery had obstructive disease that narrowed the 
lumen by at least 70 percent in all patients. Com- 
plete occlusion of this vessel was not demonstrated. 
In 4 patients, the obstructive disease was noted pri- 
marily at the ostium of the left main coronary artery, 
but there was no clinical evidence for syphilitic heart 


. disease. In 7 patients, the left main coronary artery 


was calcified. In 8 patients the right coronary artery 
was completely occluded; in 15, the right coronary 
artery had obstruction of 75 to 95 percent; in 3, there 
was between 50 and 75 percent obstruction and in 3 
patients there was less than 50 percent obstruction 
as manifested by luminal irregularities alone in the 
arteriogram. The right coronary artery was entirely 
normal in only 1 patient (Table I). 

The left anterior descending coronary artery was 
totally occluded in 8 patients. Eleven patients had 
between 75 and 95 percent obstruction and 5 be- 
tween 50 and 75 percent obstruction; 5 had only lu- 
minal irregularities, and 1 had a normal artery 


TABLE | 


Distribution of Coronary Arterial Lesions in 30 Patients with 
Significant Left Main Coronary. Arterial Obstruction 





Percent Obstruction 
75-99 50-75 





Artery 100 <50 Normal 
PAE E AEE AAEREN AAAA E E N AE 
Right coronary 3 1 3 3 1 
Left anterior 8 il 5 5 1 

descending 
Left circumflex 4 6 7 9 4 


aanerer iaae 
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(Table I). The left circumflex coronary artery was 
100 percent occluded in 4 subjects, had between 75 
and 95 percent obstruction in 5, between 50 and 75 
percent obstruction in 8, less than 50 percent ob- 
struction in 9 and was normal in 4 (Table I). 

Left ventriculograms: The left ventricular an- 
giograms showed akinetic areas in 4 patients, 
dyskinetic areas in 5 and hypokinetic areas in 16; 
they were normal in 4 patients. This examination 
was not performed in 1 patient. Mitral incompetence 
. was not noted on any left ventriculogram. 

Collateral vessels: In 21 of 30 patients, signifi- 
cant coronary collateral channels were noted. Their 
presence was associated with high grade obstructive 
lesions (greater than 50 percent) in all 3 major coro- 
nary arteries (not including the left main coronary 
artery) in all but 5 of the 21 patients. In these 5, le- 
sions greater than 50 percent were found in 2 vessels. 
The collateral channels were left to right in 10 pa- 
tients, right to left in 8 patients and left to left in 3 
instances. All 8 patients with occlusion of the right 
coronary artery had left to right collateral vessels. 
Two patients with 75 percent obstruction in the 
right coronary artery had some right to left collater- 
alization. 


Hemodynamic Studies 


Left ventricular pressures were recorded in all but 
1 patient, and the left ventricular end-diastolic pres- 
sure was greater than 12 mm Hg in 22 of the 29 pa- 
tients (76 percent), either at rest (15 patients), dur- 
ing or after atrial pacing, or after left ventriculogra- 
phy. The average control left ventricular end-diastol- 
ic pressure was 15 mm Hg (range 4 to 36 mm Hg); in 
the remaining 7 patients, this pressure was normal 
(less than 12 mm Hg) throughout the study. 

Atrial pacing studies: Table II lists the results 
of the atrial pacing studies in 6 patients with ob- 
struction of the main left coronary artery. As heart 
rate was increased from 79 + 5 beats/min, all 6 pa- 


tients experienced angina pectoris at an average 


heart rate of 124 + 3 beats/min. The angina was as- 
sociated with an increase in mean systemic arterial 
pressure, an increase in left ventricular end-diastolic 
pressure and a marked decrease in stroke work of the 
left ventricle. Five of the 6 patients also had ischem- 


TABLE H 
Hemodynamic Changes During Atrial Pacing in 6 Patients 





Heart Left Cardiac 

Rate Ventricular Output Stroke P-R 
(beats/ Mean End- (liters/ Work Interval 

min) Arterial Diastolic min) (g-m) (sec) 


Control 79+ 5 95+ 3 1343 6740.6 9942 0.15+0.1 
Pace* 1244+ 3 10846 22+4 6.04:0.3 6322 €.19+0.01 


* Maximal paced heart rate on induction of angina pectoris. 
All values indicate mean -+ standard error of the mean. 
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ic S-T segment depression in the electrocardiogram 
during atrial pacing. Pacing ventricular function 
curves were abnormal in 4 patients before pacing- 
induced angina and abnormal in all 6 when angina 
pectoris occurred. 


Discussion 


Although we could find no precise clinical features 
that should invariably suggest the diagnosis of left 
main coronary arterial obstruction, the presence of 
severe or crescendo angina pectoris with a very posi- 
tive exercise test® and ¢alcification in the area of the 
main left coronary artery are important findings in 
these patients. Also the ease of induction of angina 
pectoris and increasing left ventricular end-diastolic 
pressure during atrial pacing, indicating vey poor 
myocardial function, may lead one to suspect the ex- 
istence of significant left main coronary artery dis- 
ease. 

An outstanding feature in this group of patients 
was the extensive obstructive disease in the 3 major 
coronary arteries, a finding similar to that of Cohen 


et al.5 The clinical and hemodynamic features of this 


group of patients may reflect the severe generalized 


nature of the arterial disease as much as they reflect. © 


the left main lesion. Twenty patients (66 percent). 
had complete occlusion of a major coronary artery o. 
and at least a 70 percent obstructive lesion in the 
main left coronary artery. Eight patients had total 
occlusion of the left anterior descending coronary ar- 
tery, 4 total occlusion of the left circumflex coronary — 
artery and 8 had total occlusion of the right coro- 
nary artery. This latter group deserves special con- 
sideration because, in these 8 patients, the total cor- 


onary flow reaching the myocardium originated from © 
a single vessel with a caliber that had been reduced © 


by at least 70 percent of normal by obstructive dis- 
ease. Indeed, the coronary circulation in these 
subjects was severely jeopardized. 

Moderate to severe angina was the predominant 
symptom in 27 of the 30 patients (90 percent) in this 
study, with 14 demonstrating an increase in the se- 
verity of chest pain in the preceeding 6 months. This 
finding probably reflects both the generalized nature 


of coronary artery disease and the obstruction of the a 


left main coronary Artery, but it also emphasizes the 


severity of the clinical problem in these patients. 


Nineteen patients (63 percent) had a history of myo- 
cardial infarction. All 19 had an extensive network of 


coronary collateral vessels, and possibly their ability 


to continue to function can be attributed to this fac- 
tor. Although there is little correlation between the 
electrocardiogram, myocardial function, and collat- 
eral vessels, these vessels, if already present, may 


help limit the extent of a myocardial infarction and: . 
aid in patient survival.9.#° As noted in this study. 


and by Miller et al.,° the development of coronary 
collateral channels appears to correlate best with the 


severity of large vessel disease, since these channels- 


occur more frequently in patients with the most ex- 
tensive involvement. Under image intensification 
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fluoroscopy, calcification was noted in the main left 
coronary artery in 7 of our patients. It has been pre- 
viously recognized that coronary arterial calcification 
generally indicates severe and extensive coronary oc- 
clusive disease! and this may be another clue in the 
diagnosis of this lesion. 

Comparison of hemodynamic findings in pa- 
tients with and without left main coronary artery 
disease: The functional significance of this lesion is 
apparent during hemodynamic study. Twenty-two of 
29 patients had increased left ventricular end-dias- 
tolic pressure, a finding that has almost invariably 
indicated abnormal left ventricular function in other 
studies,8:12-13 although a decrease in myocardial 
compliance may also contribute.14:15 Atrial pacing 
studies disclosed the typical hemodynamic changes 
associated with pacing-induced angina pectoris 
(Table II). However, the increase in left ventricular 
end-diastolic pressure and the concomitant large de- 
crease in stroke work indicates severe impairment of 
myocardial function.8:13. This impairment is more 
severe than in the average patient with 2- or 3-vessel 
coronary artery disease without concomitant left 
main coronary arterial obstruction. In our experi- 
ence®:13.16 with 50 patients with an average of 2.2- 
vessel disease per patient, the increase in left ven- 
tricular end-diastolic pressure (control 13 + 1; pac- 
ing 14 + 2 mm Hg) and arterial pressure (control 99 
+ 2; pacing 107 + 2 mm Hg) was less despite similar 
changes in heart rate (control 77 + 2; pacing 129 + 
3). There was a smaller reduction in stroke work 
(control 71 + 6; pacing 52 + 3 g-m), and the pacing 
ventricular function curve was less likely to be ab- 
normal or, if abnormal, was so to a lesser degree. An- 
gina and ischemic S-T changes in the electrocardio- 
gram were induced in only 58 percent of these 50 pa- 
tients but induced in 100 and 83 percent, respective- 
ly, of the patients with left main coronary arterial 
obstruction. The borderline compensation of the lat- 
ter patients is further illustrated by studies of a 44 
year old man whose angiograms are depicted in Figure 
1. During the course of his cardiac catheterization, 
he had a brief episode of nausea and vomiting. The 
latter stress, plus an increase in mean systemic arte- 
rial pressure from 85 to 120 mm Hg, resulted in a 
rise of left ventricular end-diastolic pressure from a 





FIGURE 1. Single frames from a 
35 mm coronary cine arteriogram 
in a patient with left main stem 
disease. A, right coronary artery in 
left anterior oblique view demon- 
strating total occlusion 1.5 cm 
from its origin. B, left coronary ar- 
tery in right anterior oblique view 
disclosing 80 percent obstruction 
of the left main coronary artery. 


control value of 4 to 32 mm Hg (Fig. 2). During at- 
rial pacing (Fig. 3) he experienced angina pectoris 
but no electrocardiographic changes, and the left 
ventricular end-diastolic pressure rose again from a 
control value of 4 to 23 mm Hg. Sudden interruption 
of pacing (Fig. 3) resulted in a further increase in left 
ventricular end-diastolic pressure to 29 mm Hg. The 
pacing ventricular function curve of this patient was 
abnormal both before and during angina. 

This group with main left coronary artery disease 
had other expressions of extensive coronary disease 
since 24 of the 29 patients (86 percent) had an ab- 
normal left ventriculogram. Although 11 of these pa- 
tients were taking propranolol, which can cause di- 
minished contraction, 1? it is more likely that the ab- 
normalities were a reflection of their disease. A simi- 
lar proportion of patients with severe coronary artery 
disease have had angiographic abnormalities in other 
studies.®:18 

Risks of coronary arteriography and coronary 
surgery in this group: Although the follow-up pe- 
riod was relatively short in these patients, several 
features become immediately apparent. The mortali- 
ty rate after coronary arteriography was 10 percent 
in this group and 16 percent in the group described 
by Cohen et al.5 This is a strikingly higher rate than 
the mortality rate of approximately 0.1 percent usu- 
ally associated with coronary arteriography. !* Two of 
our patients died on the cardiac catheterization table 
when they could not be resuscitated from sudden 
bradycardia with hypotension and subsequent. 
“pump” failure after angiography. The third death 
occurred in a patient who had an uncomplicated 
catheterization but who suddenly had cardiac arrest 
5 hours later. Resuscitation procedures failed to re- 
vive him. Autopsy disclosed no further changes in his 
coronary arteries or recent myocardial damage. The 
catheterization findings in these 3 patients were not 
significantly different from those in the other 27. In 
contrast, the surgical mortality rate of 11.7 percent 
in this series is more in keeping with present surgical 
experience in aortocoronary saphenous vein bypass 
graft surgery,!® although this rate was 29.4 percent 
in the patients of Cohen et al. The latter’s figures 
included patients having high mortality from inter- 
nal mammary artery implantations (in the era before 
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FIGURE 2. Lead il of the electrocardio- 
“gram and left ventricular pressure tracing, X 





ae patient as in Figure 1. There is a marked in- 
crease in left ventricular end-diastolic pres- 


sure after the stress of emesis (arrows). A. CONTROL 


saphenous vein bypass grafts); their reported mortal- 
ity rate in patients with saphenous grafts was only 

12.5 percent. 

: Precautions during and after coronary arter- 
jography: In view of the inordinately high mortali- 
ty rates resulting from coronary arteriography in this 
~ group of patients (7 of 60 patients in 2 series), we 

suggest that left main coronary arterial obstruction 
may be present in patients with severe angina pecto- 
= iris, a very positive exercise electrocardiogram, calci- 

-fication in the area of the left main coronary artery, 

_ plus angina and ventricular failure that are readily 
induced by atrial pacing. Although the term severe 
‘angina is nonspecific and may occur with any degree 
Of coronary vessel obstruction, all 27 of our patients 
with angina pectoris had several episodes a day (16 
patients), and 11 had angina either at rest or in a 
crescendo pattern. As described, the response to at- 
rial pacing, in our experience, indicates a more se- 
vere degree of myocardial ischemia and depression of 


een is Se Re Oe 





























mmHg 
B. POST-EMESIS 


myocardial function than that present in most pas 
tients with only 2- and 3-vessel disease. Cohen et al.2 
described a very positive exercise electrocardiogram | 
(in 14 of 17 patients) as a clue to the diagnosis of 
main left coronary arterial obstruction. Only 4 of our 
patients underwent exercise testing, but we can con- 
cur in this finding since each patient had either 4 or 
5 mm ischemic S-T segment depression and signifi- 
cant pain-limited exercise intolerance. However, | 
these responses probably reflect the severe general- © 
ized nature of their disease since some of our other 
patients with 2- and 3-vessel disease also had this 
type of response to exercise.9 Coronary arteriogra- . 
phy of the left coronary artery should probably be- 
performed with only enough contrast material to 
outline the vessel clearly with the patient in the 10° 
right or left anterior oblique position. These posi- 
tions permit ‘projections that best visualize the main 

left coronary artery, in our experience. If left main 
coronary arterial obstruction is present, the number 











PACING > 


40 


FIGURE 3. Hemodynamic response to at- 20 
rial pacing and its interruption in same pa- 
stient. With atrial pacing, angina pectoris is 
induced at a heart rate of 120° beats/min 

‘and the left ventricular end-diastolic pres- 

‘sure increases from 4 to 23 mm Hg. When 
“pacing is interrupted (last 2 complexes) the 

left ventricular end-diastolic pressure in- 
creases to 29 mm Hg. Qo 
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of injections and projections should be limited to 
those that are diagnostically required. If the main 
left coronary artery is not significantly diseased, the 
_ study can proceed in routine fashion. 

Surgical indications and results: Because of the 
risk of sudden death in association with hemody- 
namic and angiographic studies we have elected to 
monitor these patients closely in our coronary care 
unit after cardiac catheterization. If coronary angio- 
graphy demonstrates a significant lesion in the left 
main stem that is amenable to aortocoronary bypass 

_ surgery, surgical intervention is carried out as soon 
-as possible.2° Eighteen of our patients were operated 
on; there were 2 operative deaths. The 16 survivors 
~ have been followed up for 10 months, and all are in 
clinically improved condition. Three of 9 patients 


not operated on died. Five of 10 patients not oper-. 
ated on in the series of Cohen et al.5 have also died. 
This 50 percent mortality rate is much in excess of 
that anticipated for most patients with angina pec- 
toris and greater than that of the initial results with 
surgery.*1 

It would therefore appear that saphenous vein by- 
pass surgery provides the best therapeutic approach 
to this type of coronary artery disease. Most patients 
will need 2 or perhaps 3 vein grafts because of wide- 
spread disease in other vessels. However, in view of 
present medical mortality rates compared to surgical 
mortality rates for this type of lesion and the initial 
results obtained, this appoach seems to hold promise 
for relief of angina, and possibly for the prevention of 
myocardial infarction and sudden death. 
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Electrocardiographic signs of bifascicular block are known to be as- 
sociated with a high mortality rate during the course of an acute 
myocardial infarction. However, isolated left ‘anterior hemiblock or 
extreme left axis deviation does not increase mortality or complicate 


the course of an acute myocardial infarction. The incidence of ar a 


rhythmias or atrioventricular block is not increased by the presence a 
of left axis deviation and, at times, left anterior hemiblock is a tram =€ 


sient electrocardiographic finding during the course of acute myo- z 


cardial infarction. 


Many recent studies of patients with acute myocardial infarction: 
have emphasized the poor prognostic significance of electrocardio- 
graphic signs of incomplete bilateral bundle branch block?-5 or iso- 
lated single bundle branch block.&1° However, to our knowledge, 
there have been only 2 studies11.12 of the prognostic significance of 
isolated left anterior hemiblock (that is, without complete bundle 
branch block) during the course of acute myocardial infarction. 


Methods 


The hospital records of 472 patients admitted to the cardiac monitoring 
unft of University Hospitals, Cleveland, Ohio, during the calendar year 1970 
were available for review. They constituted 95 percent of all admission rec- 
ords. The records of 225 patients who had definite evidence of an acute 
myocardial infarction were studied in detail. Our criteria’ for diagnosing an, 
acute myocardial infarction were a history consistent with an acute còro- 
nary event and diagnostic electrocardiographic evolution ef QRS and ST-T 
changes in diagnostic serial changes of serum enzymes (glutamic oxaloacetic’ 
transaminase and lactic acid dehydrogenase) or both electrocardiographic 
and enzyme changes. l 


From this group of patients with unequivocal acute myocardial infarc. © 


tion, all patients with a mean frontal plane QRS axis of ~45° or more left: 


ward {determined by inspection) and normal QRS duration were selected ee 


(29 patients) and are the basis for this report (Table I). This group of pa- 
tients with left axis deviation was furthur subdivided into those with (14 
patients) or without (15 patients) electrocardiographic signs of classic left 
anterior hemiblock, 13 that is, frontal plane QRS axis of —45° or more left- 
ward, an initial right inferior vector with r waves in leads H, UI and aVF 
and a Q wave in lead aVL, followed by a large left superior vector. Those 
patients with left axis deviation but without classic signs of left anterior 
hemiblock (15 patients) had no Q waves in lead aVL or had small Q waves 
in leads Il, IH and aVF. 
The hospital courses of these patients were carefully reviewed with regard © 
to outcome and especially to the development of arrhythmias, particularly 
atrioventricular (A~V) block. Arrhythmias were detected by random obser- 
vation or by memory loop detection with recording of heart rates greater 


* 
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TABLE! 
“. Hospital Mortality of Patients with 


(Acute Myocardial Infarction 


neni iene ennnenenereetnanitnttnemetnnemenimtttnmte 
Patients Deaths Mortality 
(no.) no.) (%) 


naisien tet neC RL 


Total patients with M! 225 34 15 
Patients with LAD but 29 1 3 
without BBB 
Patients with isolated 14 1 7 
LAHB 
Patients with LAD but 3 0 0 
no Q wave in lead aVL 
Patients with LAD but 12 0 0 
Q waves in leads I, 
aVF 
Remainder of patients 196 33 17 
Patients with no IV 163 22 13 


conduction defect 





BBB = bundle branch block; IV = intraventricular; LAD = 
left-axis deviation of —45° or more leftward; LAHB = left anterior 


ue hemiblock; MI = myocardial infarction. 


than 150 or less than 50 beats/min. The patient with an 


“uncomplicated clinical course remained in the cardiac 
< -monitoring unit for 5 days and then was transferred to a 
routine hospital division for the remainder of his hospital 
stay (usually a total of 3 weeks). Patients are admitted to 
our cardiac monitoring unit if continuous observation of 
the electrocardiogram is deemed necessary, irrespective of 
age or whether or not they have private physicians. 


Results 


Of the 225 patients with acute myocardial infarc- 
< tion, 29 had frontal plane left axis deviation (~45° or 
- more leftward) without complete bundle branch 
block. Of these 29 patients (Table I), 14 had classic 


left anterior hemiblock, 3 had left axis deviation ` 


with no Q wave in leads I and aVL, and 12 had left 
axis deviation with Q waves in leads II and aVF. 


TABLE II 
Incidence of Arrhythmias 








Mortality: During this 1 year period, the overall 
hospital mortality rate for our 225 patients with 
acute myocardial infarction was 15 percent (Table I). 
However, there was only 1 death among the 29 pa- 
tients with left axis deviation, including those with 
classic left anterior hemiblock (3.5. percent mortali- 
ty). This death occurred in an 88 year old man, with 
an anteroseptal myocardial infarction and classic left 
anterior hemiblock, who died with cardiogenic shock. 
Hence, the mortality rate for patients with acute 
myocardial infarction and isolated classic left anteri- 
or hemiblock in this series was 7 percent (1 of 14), 
comparable to 15 percent for the overall series of pa- 
tients with myocardial infarction. In our small series 
the mortality rate was not increased in the presence 
of left anterior hemiblock. 

Associated arrhythmias: Table II compares the 
different groups with regard to the development of 
arrhythmias during the course of the acute myocar- 
dial infarction while the patients were in the cardiac 
monitoring unit. The patients with isolated left ante- 
rior hemiblock or left axis deviation without classic 
left anterior hemiblock were not predisposed to the 
development of atrioventricular block. In fact, those 
with isolated classic left anterior hemiblock had 
fewer instances of high degrees of A-V. block than 
patients in the overall series, but these numbers were 
quite small. The frequency of ventricular premature 
beats in the patients with left anterior hemiblock 
was slightly increased, but this difference, like the 
slightly increased incidence of ventricular tachycar- 
dia was not significant. 

Location of infarction: In most instances it was 
not possible to ascertain whether the left anterior 
hemiblock antedated the acute myocardial infarction 
since previous electrocardiograms were not always 
available for comparison. However, hemiblock devel- 
oped during the acute myocardial infarction in 7 of 
the 14 patients with previous records. All 7 of these 
patients had transmural anteroseptal myocardial in- 
farction. In fact, of the 14 patients with left anterior 


arrena 


Series Excluding LAD Without Classic 
Overall Series Those With LAD LAD Series Classic LAHB LAHB Series 
Fa a a ce St 
Number of patients 225 196 29 15 14 
A-V block 
First degree 22(10%) 17(9%)} 5(17%) 3(20%) 2(14%) 
Second degree 104%) 8(4%) 18%) 17%) 0 
Third degree 15(7%) 13(7%) 13%) 10%) 0 
Atrial fibrillation or- 12(5%) 63%) 3(10%) 2(13%) 17%) 
flutter i 
Ventricular premature 51(23%) 37(19%) 7(24%) 2(13%) 536%) 
beats (>3/min) a! : 
Ventricular tachycardia: .. 23(10%). 180%) “§C7%) 203%) 321%) 
Ventricular fibrillation 9(4%) 53%) 20%) 10%) 17%) 








LAD = left axis deviation of —45° or more leftward; LAHB = left anterior hemiblock. 
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hemiblock, 13 had an anteroseptal myocardial in- 
farction, and only 1 had an inferior myocardial in- 
farction (nontransmural); whereas, of the 15 patients 
with abnormal left axis deviation without classic left 
anterior hemiblock, 9 patients had a transmural in- 
ferior myocardial infarction, and only 2 had a 
transmural anteroseptal myocardial infarction. 
Three of the remaining patients had a nontransmur- 
al anterior myocardial infarction, and 1 infarction 
was in an undetermined location. 

Duration of hemiblock: Transient left anterior 
hemiblock appeared in 4 patients during the course 
of their myocardial infarction, in 2 patients on the 
second day, and in 2 patients on the third day. Left 
anterior hemiblock persisted for 1 day in 2 patients, 
for 3 days in 1 patient, and for 9 days in 1 patient. A 
typical series of electrocardiograms showing the 
transient appearance of left anterior hemiblock is il- 
lustrated in Figure 1. None of the patients in whom 
transient hemiblock developed died. 

Associated clinical features: Other characteris- 
tics of the “coronary prone” patient were compared 
for the groups of patients with and without left axis 
deviation and left anterior hemiblock (Table III). 
There were no significant differences among the 
groups with regard to age, history of previous myo- 
cardial infarctions or angina, history of diabetes or 
hypertension. The only statistically significant dif- 
ference among the groups was the frequency of cardi- 
omegaly, which was greater in the group with abnor- 
mal left axis deviation but without classic left ante- 
rior hemiblock (P <0.001). Our patients are compa- 
rable to those of other series in regard to predomi- 
nance of men and occurrence of diabetes mellitus, 
hypertension, cardiomegaly by roentgenogram, and 
history of previous myocardial infarctions. 


Discussion 


In our study isolated left anterior hemiblock or 
isolated left axis deviation did not complicate the 
clinical course of acute myocardial infarction or have 


TABLE Hl 














Figure 1. 
infarction. C, on discharge. 


Electrocardiograms, A, on admission. B, day 2 after 


prognostic significance. This finding snould not tem- 
per the previously reported findings of the very poor 
prognostic implication of hemiblock when associated 
with right bundle branch block in the course of an 
acute myocardial infarction.1-5 The mortality rate in 
these latter patients ranges from 50 to 80 percent. 

The incidence of arrhythmias, particularly of A-V 
block, was also not increased in the presence of left 
anterior hemiblock. This finding is in contradistinc- 
tion to the increased occurrence of A~V block in the 
presence of hemiblock and right bundle branch block 
in the course of an acute myocardial infarction. +% In 
the latter group, complete heart block or sudden 
ventricular asystole may develop in 30 to 60 percent 
of patients. 

Our study, then, supports and extends the previ- 
ous findings of Marriott and Hogan,!! who showed 
that the mortality statistics of patients with isolated 
left anterior hemiblock were no different from those 
in their overall series of myocardial infarction. How- 
ever, 5 of their 28 patients with isolated left anterior 
hemiblock died (mortality rate 18 percent), whereas 
only 1 of our 14 patients with an acute myocardial 


Comparison of Characteristics of Patients with Myocardial Infarction With and Without 


Left Axis Deviation and Left Bundle Branch 














Series Excluding LAD, No Classic 
Total Series Those with LAD LAD Series Classic LAHB LAHB Series 

Patients (no.) 225 196 29 15 14 
Overall series (%) 100 87 13 7 6 
Male/female ratio 1.6 1.5 2.6 2.0 3.7 
Age range 30-90 30-90 42-88 54-83 42-88 
Average age 65 65 64 67 66 
Previous MI 7433% ) 66(34%) 8(28%) 5(33%) 3(21%) 
Diabetes mellitus 59(26%) 56(29%) 3(10%) 2(13%) 17%) 
Hypertension 91(40%) 78(40%) 13(45%) 6(40%) 769%) 
Cardiomegaly 84(37%) 68(35%) 16(55%) 12(80%) 4(29%) 





LAD = left axis deviation of minus 45 degrees or more leftward; LAHB = left anterior hemiblock; MI = myocardial infarction. 
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infarction and isolated left anterior hemiblock died 
(mortality rate 7 percent). Perhaps the difference in 
mortality between the 2 series was related to patient 
selection, even though the average age and incidence 
of left anterior hemiblock were similar. Also, our se- 
ries included patients not described in their series, 
namely, patients with acute myocardial infarction 
and abnormal left axis deviation (more leftward than 
~45°) but without classic left anterior hemiblock. 
We have shown that these patients also have a favor- 
able prognosis during the course of acute myocardial 
infarction. 

A recent study!2 of 212 cases of acute transmural 
myocardial infarction included 17 patients with left 
anterior hemiblock but without bundle branch block. 
Five of these 17 patients died, resulting in a mortali- 
ty rate of 29 percent compared to a rate of 13.6 per- 
cent in patients without intraventricular conduction 
defects. Our study certainly does not support this in- 
-creased mortality in association with left anterior 
hemiblock. However, all of Col and Weinberg’s 12 
patients had a transmural infarction, whereas 5 of 
our 14 patients with classic left anterior hemiblock 
did not have characteristic Q waves. 

Reasons for favorable prognosis of isolated 
hemiblock: We do net know why there is no in- 
creased danger from isolated hemiblock. One would 
think that any abnormality of conduction would re- 


sult in increased risk during the course of an acute 
myocardial infarction. Certainly complete right or 
left bundle branch block increases mortality during 
an acute myocardial infarction.*1° There is current- 
ly a controversy as to whether the anterior fascicle of 
the left bundle is!* or is not}5 a discrete anatomic 
structure. If the anterior fascicle is not a discrete 
structure, an infarction large enough to deviate the 
axis abnormally leftward could result in a dangerous 
situation. On the other hand, since the anterior wall 
is usually activated before the posterior wall, a slight 
delay inadequate to prolong QRS duration should 
pose no problem. 

A recent long-range study!® revealed a near nor- 
mal life expectancy among patients with left axis de- 
viation but without other electrocardiographic ab- 
normalities. However, other retrospective studies of 
sudden death have shown that a large number of 
these patients had prior left electrocardiographic evi- 
dence of left axis deviation. 

Our series included 4 patients in whom transient 
left anterior hemiblock developed during the course 
of myocardial infarction. Transient left anterior 
hemiblock has been described previously as occur- 
ring during a myocardial infarction or as a result of 
metabolic factors.1®%20 As shown previously, tran- 
sient left anterior hemiblock does not predispose to a 
complicated course. 
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Eleven patients with preexcitation were studied by techniques of His 
bundle recording and atrial pacing. The P—delta interval was used as 
a measure of anomalous pathway conduction time and P—H interval, 
a measure of atrioventricular (A-V) nodal conduction time. In 4 pa- 
tients, anomalous pathway conduction failed with atrial pacing at a 
critical paced rate, resulting in normalization of conduction. 

Lidocaine, 50 to 100 mg intravenously, produced a depressant ef- 
fect on the anomalous pathway in 4 of 6 patients, as manifested by a 
decrease in the pacing rate producing failure of preexcitation. 
Anomalous pathway effective refractory period, measured in 2 pa- 
tients, was prolonged in 1 after administration of lidocaine. The ef- 
fects of lidocaine on the normal pathway appeared to be minimal. 

Propranolol, 5 mg intravenously, produced no apparent effect on 
anomalous pathway conduction in 8 of 9 patients. In 1 patient, the 
pacing rate producing QRS normalization was slightly decreased. 
The effective refractory period of the anomalous pathway was un- 
changed in 2 patients after administration of this drug. Propranolol 
depressed the normal pathway (in 6 patients whose H potentials 
were visualized at equivalent paced rates) as manifested by P-H 
prolongation or decrease in the pacing rate producing block proximal 
to H, or both. An additional effect related to depression of the nor- 
mai pathway was the accentuation of preexcitation in patients with 
fusion QRS complexes. 

In summary, lidocaine depressed anomalous pathway conduction, 
whereas propranolol depressed A-V nodal conduction in patients 
with preexcitation. Both drugs could affect reentrant tachycardia in 
patients with this syndrome by causing depression of part of the cir- 
cus pathway. 


Electrophysiologic and pathologic studies suggest that most cases of 
Wolff-Parkinson-White syndrome reflect the presence of an anoma- 
lous atrioventricular (A-V) connection (Kent bundle) bypassing the 
A-V node.!-7 Paroxysmal supraventricular arrhythmias complicating 
the Wolff-Parkinson-White syndrome appear to be reentrant using 1 
pathway as the antegrade and 1 as the retrograde route from atria to . 
ventricles.1:3.819 Drugs used in the management of arrhythmias 
complicating preexcitation could be effective because of actions on 1 
or both pathways. 

The recording of simultaneous electrocardiograms and His bundle 
electrograms allows examination of conduction in both normal and 
anomalous pathways. In this report we examine the effects of lido- 
caine and propranolol on both normal and anomalous pathways in 
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TABLE | 
Clinical and Electrocardiographic Data 














Case Age yr) P-R QRS Type of History Organic Heart 
no. & Sex (sec) (sec) Preexcitation of PAT Disease 
1 54M 0.10 0.14 B No None 
2 52M 0.09 0.12 B No ASHD 

3 18M 0.08 0.14 B Yes Mi 

4 22F 0.10 0.16 B No None 

5 28F 0.10 0.12 A No None 

6 45M 0.10 0.12 B No None 

7 18M 0.10 0.12 A No None 

8 46M 0.11 0.14 B Yes None 

9 16M 0.12 0.14 B Yes Ebstein 
10 25M 0,12 0.16 B Yes None 
11 21M 0.11 0.12 A Yes None 





ASHD = arteriosclerotic heart disease; Ebstein = Ebstein's anomaly; MI = mitral insufficiency; PAT = paroxysmal atrial tachycardia. 


11 patients with preexcitation and discuss the func- 
tional properties of the anomalous pathway in such 
patients. 


Materials and Methods 


Clinical material: Eleven patients with preexcitation 
were studied (Table I). All had typical electrocardiograms 
with a P-R interval of 0.12 second or less, QRS duration 
of 0.12 second or greater and typical delta waves. Preexci- 
tation was a constant finding in all. Five patients had pre- 
vious paroxysmal supraventricular tachycardia. 

Electrophysiologic studies: Informed consent was ob- 
tained for intracardiac recordings and drug administra- 
tion. His bundle electrograms were recorded using pre- 
viously described techniques.1!/12 Recording of His bundle 
(H) potentials in patients with preexcitation presented 


TABLE II 
Electrophysiologic Data Befere and After Drug Administration 


some difficulty since H potentials were sometimes masked 
in the ventricular electrogram. The identification of H po- 
tentials was facilitated by demonstration of P-H prolon- 
gation with atrial pacing and by normalization of conduc- 
tion (see later). In 2 patients, H potentials were never 
identified, and only bipolar atrial and ventricular electro- 
grams were recorded. Multiple simultaneous electrocardio- 
graphic leads were recorded (paper speeds 100 and 200 mm/ 
sec). 

Atrial pacing was accomplished with a second electrode 
catheter passed through a brachial vein and positioned 
along the right lateral atrial wall. Stimuli were supplied 
by a battery-powered R wave coupled pulse generator 
(Medtronics 5837). In 2 patients, the anomalous pathway 
effective refractory period was measured utilizing coupled 
atrial stimuli after every 10th sinus beat. 1? 














QRS Duration (msec) 
Case Heart Rate AEN OE aea eS = ee es EN Ey ocean and Configuration: <, 
no. (beats/min) c L P C L P c L P c L P 
1 70-75 NSR 95 100 110 NV (—15) NV 150* 150* 
100 paced 130 140 NV NY NV NV 150* 150** 
135 paced 130 140 NV NV NV NV 150* 150* 
160 paced 130 140 NV NV NV NV 150* 150* 
175 paced 130 es 140 NV tek NV NV NV 150* 150* 
2 70 NSR 110 110 110 NV NV NV NV NV NV 120* 120* 120* 
100 paced 130 140 150 NV NV NV NV NV NV 125* 125* 120* 
120 paced 135 Bik 145 NV 150 NV NV 40 NV 125* 90 130* 
135 paced 140 Bik 145 NV 160 NV NV 40 NV 150* 90 160* 
3 55-70 NSR 100 90 90 NV NV NV NV NV NV 150* 150* 150* 
110 paced 110 100 110 NV NV NV NV NV NV 150* 150* 150* 
120 paced 110 Bik 110 NV 150 NV NV 35 NV 150* 80 150* 
130 paced 110 Bik 110 NV 170 NV NV 35 NV 150* 80 150* 
140 paced 110 Bik 110 NV 180 NV NV 35 NV 150* 80 150* 
150 paced 110 Bik Bik NV 180 180: NV 35 35 150* 80 80 
160 paced Bik Bik Bik 170 190 190 35 35 35 80 80 80 
170 paced Bik Bik Bik 200 200 200 35 35 35 80 80 80 
180 paced Bik Bik Blk 210 230 210 35 35 35 80 80 80 
195 paced Bik Bik Bik 220 240 2° Bik 35 35 35 80 80 80 
continued 
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TABLE NH (continued) 








QRS Duration (msec) 























Case. Heart Rate erreme Pena) n HV (msèc) „ant Configuration = 
no.” (beats/min) c L P Ç L P c L P 0 L P 
4 8110NSR 9 no NV NV RN NV NV Aa 150*.  150* 
“120 paced 140. mo ibe NV NV ial NV NV wes 150*.  150* 
140 paced 150 150 AS NV NV oe NV NV ae 150*: © 150* 
160 paced 150 150 i NV NV soa NV NV De 150* 150* 
180 paced 150 150 So NV NV oe NV NV Ae 150* 150% 
200. paced 150 150 Pass NV NV ahs NV NV Sy 150*>  150* 
5. -75-88 NSR 120 bay 120 120 s 120 0 ai 0 120* 
“100 paced H0 Sa 115 130 Jot 145 (—20) oe (30) 130* 
110 paced 110 a 110 150 bres 175 (~40) I (—65) 140* 
. 120 paced 120 Lal 120 NV ee NV NV ia NV 160* 
140 paced 115 es 120 NV aye NV NV is NV 160* 
>. 160 paced 120 man 120 NV wes NV NV ps NV 160* 
180 paced 130 T 130 NV bes NV NV PE NV 160* 
6. 70-75 NSR 110 Bs 110 NV ay NV NV Hs NV 150* 
“os 900 paced 120 ret 110 NV les NV NV ENI NV 160* 
120 paced 125 Sse 110 NV ae NV NV tee NV 160* 
135 paced Bik... Bik 150 aes Bik 40 Fi 40 105 
150 paced Bik Bik 1% Er Bik 40 es 40 100 
155 paced Blk, Take Bik SAX ake 40 ae Ta 100 
7. 100-110 NSR %9 aft 90 90 eats 100 0 Di (—10) 110* 
120 paced 140 LA 140 140 oe 160 0 er (~20) 120* 
140 paced 140 gn 140 150 ah NV (~10) zh NV 120* 
170 paced 140 a 140 175 va 200 (35) iy (~60) 130* 
185 paced 140 or 140 NV hs NV NV 7 NV 150* aA, 
“8. JO NSR 100 100 ane NV NV aM NV NV are 155* 155* 
i 105 paced 120 120 b NV NV PE NV NV ro 155%  155* 
115 paced 130 Bik NV 190 tas NV 35 a 155* 90 
145 paced 130. Bik NV 280 oe NV 35 ie 155* 90 
155 paced Bik Bik... Bik Bik ee 35 35 free 90 90 
175 paced Bik Bik .. Bik Bik ive 35 36 oe 90 90 
9. - 65-75 NSR 90 ae 90 NV ae NV NV nat NV 150* 
100 paced 150 veg 150 NV ay NV NV ina NV 150* 
120 paced 160 sae 160 NV E NV NV nae NV 150* 
140 paced 160 a 160 NV Seg NV NV es NV 150* 
180. paced 160 sed 160 NV so NV NV we NV 150* 

oo 200 paced 160 Se 160 NV wale NV NV ron NV 150* TA 
-10> 55 NSR 110 110 120 130 130 150 (—20) (~20) (~30) 130* 130* 
“60 paced 135 130 120 150 150 160 (—15) (~20) (~40) 130* 130* 

65 paced B5 10 10 155 160 NV (—20) (—20) NV 140* 130* 
70 paced 130 Bik 150 170 170 NV (~40) 35 NV 150* 90 
75 paced 130 Bik 150 170 185 NV (—40) 35 NV 150* 90 
80 paced Bik Bik 150 200 200 NV 35 35 NV 90 90 

-85 paced er ack Bik a. ae 250 sat aR 35 ooo an’ 

90 paced Bik Bik Bik 250 200 260 35 35 35 90 90 
100 paced Bik Bik Bik 200 250 270 35 35 35 90 90 
110 paced Bik Bik Bik 265 29 2 Bik 35 35 35 90 90 
120 paced Bik Bik Bik 2° Bik 320. 2° Blk 35 35 35 90 90 

11. 65 NSR 110 1090 100 120 ne 135 (~10) (~16) (—25) 110*  120* 

100 paced 120. 120 110 140 140 160 (—20) (—20) (—50) 125* 120* 
110 paced 130 130 120 155 150 180 (—25) (—20) (—60) Bo*  135* 
120 paced 130 130 120 165 160 NV (—35) (—30) NV 140*  140* 
130 paced 130 130 130 180 160 NV (—50) (—30) NV 160*  150* 
150 paced 135 135 130 NV NV NV NV NV NV 170s == -170* 
170 paced 135 135 130 NV NV NV NV NV NV 170*  170* 

200 paced 135 135 130 NV NV NV NV NV NV 170* 1708 











* preexcitation. 
Bik = block; C = control; L = lidocaine; NSR = normal sinus rhythm; NV = not visualized; P = propranolol. 
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The procedure consisted of first taking recordings dur- 
ing sinus rhythm. Additional recordings were then ob- 
tained with atrial pacing at increasing atrial rates (in in- 
¢rements of 5 to 25 beats/min) up to a maximal paced 


`> rate of 200/min. Lesser maximal rates were used in the 


event of clinical contraindication, patient discomfort or 
achievement of a rate at which block of both anomalous 


and normal pathways was demonstrated. 


After these control recordings, 50 to 100 mg of lidocaine 
was administered intravenously by bolus injection to 6 pa- 
tients, and a.similar recording procedure was followed 3 to 
5 min after drug administration. Propranolol, 5 mg intra- 

-venously, was administered at a rate of 0.5 mg/min to 9 
patients. Four of these patients had already received lido- 


caine, and propranolol was administered 45 minutes later. 


3 Fifteen miñutes after administration of propranolol, re- 


‘=: cordings were obtained during sinus rhythm and at vari- 


“ous atrial paced rates. 

The following intervals were measured in milliseconds 
at allrates both before and after drug administration: 

1. P-delta: from the onset of the P wave to the onset of 
the delta wave. This was a measure of intraatrial and 
anomalous pathway conduction time. 

2. P-H: from the onset of the P wave to the His bundle 
electrogram. This was used as a measure of intraatrial and 

- A-V nodal conduction time. To facilitate measurement of 
intervals, both P-delta and P-H intervals were measured 
from the pacing stimulus during atrial pacing. The inter- 
val from the stimulus to both the P wave and atrial elec- 
trogram remained constant at all paced rates, allowing 
the use of stimulus artifact for measurement. 
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“FIGURE 1. Case 7. Recordings demonstrating accentuation of 
preexcitation with increased heart rate. A to ©, control record- 
ings (Con) at paced rates of 120, 140 and 170 /min. D to F, re- 
cordings after administration of propranolol (Pro.) at similar 
tates. Electrocardiographic lead V4 and a His bundle electro- 
gram (HBE). are shown in each panel. Atrial pacing spikes are 
labeled with arrows and H potentials are labeled H. P-delta 
(PD), P~H, H-V and. QRS duration.are listed in milliseconds. 
With increase in pacing rate, the P-H interval prolongs and the 
P-delta interval remains constant; the delta wave is accentuat- 

:- ed, and there is further QRS prolongation. After administration 
of propranolol the P-H interval is further prolonged and preexci- 
tation is further accentuated at each paced rate. In panel E, the 
H potential cannot be clearly seen and is. not labeled. Paper 
speed is 100 mm/sec and time lines are at 1 second on this 
and all subsequent illustrations. 


. 


3. H-V: from the H potential to the onset of the QRS 
complex (whether or not preexcitation was present). If the 
H potential followed the QRS complex, this interval was 
recorded as a negative value. 

4. QRS duration: from the onset to the termination of 
the QRS complex. The presence or absence of delta waves 
was also noted. 

Failure of the anomalous pathway was characterized by 
normalization of the QRS duration with appearance of the 
H potential before the QRS. complex. The paced rate at 
which this occurred was noted. 


Results 
Control Observations 


P-delta intervals during sinus rhythm ranged from 
90 to 120 msec in all patients (Table II). With atrial 
pacing, the P-delta interval increased slightly, re- 
flecting latency between the pacing stimulus and the 
onset of atrial depolarization. Once pacing was es- 
tablished, the P-delta interval then remained con- 
stant or increased only by 10 to 20 msec with an in- 
crease in pacing rate (Fig. 1, Ato C; 2, A and C; and 
3, A and C). The lack of P-delta prolongation with 
increased rate was consistent with physiologic or 
anatomic bypass, or both, of the A-V node. 

Two types of responses were noted regarding QRS 
duration and the degree of preexcitation. In 6 pa- 
tients (Cases 2, 5, 6, 7, 10 and 11), an increase in 
pacing rate was accompanied by an increase in QRS 
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FIGURE 2. Case 4. Recordings demonstrating. total preexcita- 
tion at paced rates of 120 and 200/min. A and C, control re- 
cordings; B and. D, recording after administration of lidocaine. 
‘Standard lead 1 and a bipolar intracardiac. electrogram (BE) are 
shown in each panel: The QRS complex is- labeled R. P-delta 
intervals are listed and increase by 10 msec with the increase 


in rate. H potentials cannot be definitely visualized. The rapid 


j it 


‘potential seen at paced rates of 200/min occurring between the 


atrial electrogram and the terminal ventricular electrogram may 
be either H or initial ventricular activation. Note that there is no 
apparent effect of lidocaine on anomalous pathway conduction. 
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FIGURE 3. Case 1. Recordings demonstrating minimal effects 
of. propranolol on anomalous pathway conduction. Leads |, H 
and HHI as well as a bipolar intracardiac electrogram are shown 
in each panel. The atrial electrogram is labeled A and the ven- 
“tricular electrogram V., H potentials are not visualized. The P- 


delta interval is 130 msec at rates of 135 and 175 /min {A and 


: C): The only apparent effect of propranolol is an increase in P- 
delta interval to 140 msec (Band D}. 
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FIGURE 4. Case 3. Recordings demonstrating normalization 
| conduction with atrial pacing. Preexcitation is present at a 
paced rate of 150/min (A) as characterized by a short P-R in- 
“terval; a delta wave, and wide QRS complex. Conduction nor- 
malizes at a paced rate of 160/min (B) with narrowing of the 
QRS, P-R prolongation, and appearance of the H potential be- 
‘tween the atrial and ventricular electrograms. 





duration and an accentuation of initial slurring (Fig. 
1, A to C). In this group, the QRS interval during 
sinus rhythm most likely reflected fusion of ventricu- 
lar activation from both anomalous and normal 
_. pathways. The increase in rate was accompanied by 
--inereased A-V nodal delay without concomitant 


slowing in the anomalous pathway, accentuating 
=- preexcitation. 

In the second group of patients (Cases 1, 3, 4, 8- 
-and 9) QRS duration was already maximal during. 


sinus rhythm, so that increase in pacing rate was not 


accompanied by further QRS prolongation (Fig. 2, A 


and C, and 3, A and C). In this group of patients, 
ventricular activation was apparently mediated to- 
tally by way of the anomalous pathway. 
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FIGURE 5. Case 3. Recordings’ demonstrating the depressant 
effect of propranolol- on the normal pathway. In A and B, the 
paced rate is 195/min, a rate at which conduction is normalized 
allowing visualization ‘of H potentials. In A (control), 1:1 A-V 
conduction is present. with a constant. P~H-interval. in B (after 
propranolol administration), type 1 block (Wenckebach) proxi- 
mal to H is present. Note progressive P-H prolongation, from 
the pacing spike to the H potential. The 4th paced P wave (hid- 
den in the QRS complex) is blocked proximal to H. The cycle 
resumes with the 5th paced beat. 
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FIGURE 6. Case 3. Recordings after. administration of lido- 
caine and propranolol. Control recordings from this patient: are 
shown in Figure 4 and demonstrate normalization of conduction 
at a paced rate of 160/min. After lidocaine, preexcitation is 
present at a paced rate of 110/min (A) and conduction norma- 
lizes at a paced rate of 120/min (B). After propranolol, preexci- 
tation is present at 140/min (C) and conduction normalizes at 
150 /min (D). 


In 4 patients (Cases 3, 6, 8 and 10), the QRS dura- 
tion normalized at a critical paced rate (Fig. 4, A 
and B). This occurred at rates of 160, 135, 155 and 
80/min, respectively. The paced rate at which nor- 
malization occurred was reproducible. In the remain- 
ing 7 patients, anomalous pathway conduction re- 
mained intact up to the maximal rates utilized (Fig. 
2C and 3C). Patient 2 did not undergo pacing at a 
rate faster than 135/min because of the development 
of angina: = ee 

In some patients with preexcitation, the H poten- 
tial was noted although His bundle depolarization 
coincided with ventricular activation (Fig. 1, A to 
C). H potentials were always visualized when con- 
duction normalized (Fig. 4, A and B). The, P-H in- 
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_ ORIGURE 7. Case 10. Determination of anomalous pathway effective refractory periods before and after drug administration. Shown in 


“each panel is a sinus beat with preexcitation followed by a coupled paced beat. The interval between the sinus P and the paced P 
wave (P-Pi) is listed at the top of each panel. The basic cycle length was essentially similar before and after the administration of the 
drug. In A, at a coupling interval of 530 msec, the coupled beat shows preexcitation. At a coupling interval of 520 msec (B), the cou- 
pled beat is now conducted without preexcitation. Thus, the anomalous pathway effective refractory period is 520 msec. C and D show 
similar recordings after lidocaine. This drug has depressed anomalous pathway conduction, the effective refractory period now being 
630 msec. E and F show similar recordings after propranolol. The effective refractory period has returned to the control value of 520 


msec. 


terval always increased with an increase in pacing 
rate (Fig. 1, A to C). Second degree block proximal 
to the H potential was noted in 3 patients (Cases 6, 
8 and 10) at more rapid paced rates. In 7 patients, H 
potentials were not visualized at the more rapid rate, 
thus preventing determination of the rate at which 
A-V nodal conduction failed (Fig. 2C and 3C). In 
Patient 3, A-V nodal conduction was intact at the 
maximal paced rate of 195/min (Fig. 5A). 

In several patients, short episodes of paroxysmal 
tachycardia were precipitated by either single or 
coupled atrial pacing. However, these episodes were 
not quantitated, and the effect of drugs on the in- 
duction or perpetuation of these was not studied. 


Lidocaine 


P-delta intervals were essentially unchanged after 
administration of lidocaine (Table II). Three of the 6 
patients receiving lidocaine manifested block in the 
anomalous pathway before administration of the 
drug (Cases 3, 6 and 10). In these patients, the 
anomalous pathway failed at lower paced rates after 
administration of lidocaine (Fig. 4, A and B, and 6, 
A and B). The rates producing block before and after 
lidocaine in these patients were as follows: 160 and 
120, 155 and 115, and 80 and 70, respectively. Anom- 
alous pathway effective refractory period was also 
measured in patient 10, and was found to be 520 
msec before and 630 msec after lidocaine (Fig. 7, A 
to D). In Patient 2, anomalous pathway conduction 
was intact at the maximal paced rate of 135/min be- 
fore lidocaine, and failed at a paced rate of 120/min 
after the drug was given. In all 4 patients manifest- 
ing block in the anomalous pathway, atrial pacing 


- 


responses returned to the control state 30 to 45 min- 
utes after administration of lidocaine. 

In 2 patients (Cases 4 and 11) anomalous pathway 
conduction remained intact at maximal paced rates 
of 200/min both before and after administration of 
lidocaine (Fig. 2, A to D). In Patient 11, the anoma- 
lous pathway effective refractory period was 280 
msec before and 270 msec after lidocaine. 

In 4 of the 6 patients receiving lidocaine, H poten- 
tials were visualized at equivalent paced rates before 
and after administration of the drug, thereby allow- 
ing assessment of normal pathway conduction. In 
Patient 3, ‘the P-H interval increased by an average 
of 15 msec at each rate. In Patient 11, the P-H inter- 
val decreased by an average of 6 msec at each rate. 
In Patient 10, this interval increased at some rates 
and decreased at other rates after administration of 
lidocaine. In the latter patient, block proximal to the 
H potential occurred at a paced rate of 120/min be- 
fore lidocaine, and was intact at a similar rate after 
administration of the drug. In Patient 8, second de- 
gree block proximal to the H potential occurred at a 
paced rate of 155/min before and after administra- 
tion of the drug. 

In summary, lidocaine manifested depressant ef- 
fects on the anomalous pathway in 4 of 6 patients. 
This finding was in contrast to the minimal effects of 
this drug on the normal pathway. 


Propranolol 


Of the 9 patients receiving propranolol (Table H), 
P-delta intervals remained constant in 6 and were 
prolonged slightly (10 to 20 msec) in 3 (Fig. 1, A to 
F, and 3, A to D). The latter increases may have 
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represented either depression of intraatrial or anom- 
alous pathway conduction. In 6 patients (Cases 1, 2, 
5, 7, 9 and 11), anomalous pathway conduction re- 
mained intact at all paced rates before and after ad- 
ministration of propranolol (Fig. 3, A to D). In 3 pa- 
tients, block was noted in the anomalous pathway 
both before and after administration of propranolol. 
In patient 6, block occurred at a rate of 135 /min be- 
fore and after drug administration. In Patient 3, 
block occurred at rates of 160/min before and 150/ 
min after administration of propranolol (Fig. 4, A 
and B, and 6, C and D); in Patient 10, block oc- 
curred at rates of 80/min before and 85/min after 
drug administration. Anomalous pathway effective 
refractory period was measured in 2 patients (Cases 
10 and 11); its duration was 520 msec before and 
after administration of the drug (Fig. 7, A, B, E and 
F) in patient 10, and 280 msec before and after drug 
administration in Patient 11. 

H potentials were visualized at equivalent heart 
rates in 6 patients receiving propranolol, thus allow- 
ing assessment of A-V nodal conduction. In all 6, the 
-normal pathway was depressed as manifested by 
P-H prolongation (Cases 5, 7, 10 and 11) or develop- 
ment of second degree A-V block proximal to H at 
lower paced rates after propranolol administration, 
or both (Cases 3, 6 and 10) (Fig. 5, A and B). 

In all patients with fusion complexes (see control 
observation) administration of propranolol was ac- 
companied by greater degrees of preexcitation at 
equivalent paced rates until maximal degrees of 
preexcitation were achieved (Fig. 1, A to F). This ac- 
centuation of preexcitation was noted whether or not 
H potentials were visualized. 

In summary, propranolol produced insignificant 
depressant effects on anomalous pathway conduc- 
tion. In contrast, significant depression of A-V nodal 
conduction was noted after administration of this 
drug. 


Discussion 


The electrophysiologic findings demonstrated in 
the 11 patients with preexcitation are in general ac- 
cord with findings in recently reported studies utiliz- 
ing similar techniques.19.13-15 [In all patients, 
physiologic A-V nodal bypass appeared to be pres- 
ent, as manifested by short P-delta intervals and ab- 
sence of P-delta prolongation with increase in pacing 
rate. In addition, ventricular activation appeared to 
-proceed from an anomalous site, as manifested by 
QRS prolongation and the presence of delta waves. 
The techniques utilized in this study did not allow 
delineation of the sites of ventricular preexcitation, 
and did not favor a specific pathway for preexcita- 
tion. However, pathologic and epicardial mapping 
studies support the presence of muscular connections 
in the A-V ring as the mechanism of preexcitation in 
most patients with this syndrome. ?-47.16-20 

Our results allow us to comment on the controver- 
sy about the presence or absence of fusion in patients 
with preexcitation. Lau and co-workers!® suggested 


that, in this syndrome, ventricular depolarization oc- 
curred totally by way of the anomalous pathway, as 
manifested by lack of further QRS prolongation dur- 
ing atrial pacing at increased rates. Five of our pa- 
tients had this pattern of conduction. Castellanos et 
al.14 and Massumi et al.15 suggested that patients 
with preexcitation had fusion complexes as manifest- 
ed by concomitant P-H prolongation and QRS wid- 
ening as pacing rate was increased. Six of our pa- 
tients had this pattern of conduction. In our opinion, 
the presence or absence of fusion during sinus 
rhythm probably is related to the conduction times 
in both anomalous and normal pathways. Fusion 
would be expected when these conduction times are 
relatively close. When anomalous pathway conduc- 
tion is significantly faster than A-V nodal conduc- 
tion, ventricular depolarization would be mediated 
entirely through the anomalous pathway. Castella- 
nos et al.?1 have suggested that the combination of ` 
Mahaim and James tracts could also explain total 
ventricular activation by way of anomalous connec-. 
tions. 

The failure of anomalous pathway conduction with 
atrial pacing has been previously demonstrated.13.15 
The reasons for this occurrence in only some of the 
patients with preexcitation is not apparent. De La 
Fuente et al.,?? using an in vitro muscular bridge, 
suggested that the geometric features of the anoma- 
lous connection may play a part in the predisposition 
to conduction failure. It is also possible that acquired 
disease in the anomalous connection may predispose 
to block. 

In our study, the presence of anomalous pathway 
failure was useful since the rate at which it occurred 
allowed a reproducible quantitative measurement of 
anomalous pathway conduction. The most striking 
pharmacologic effects occurred in patients with such 
failure. 


Pharmacology of Preexcitation 


Lidocaine: A depressant defect on anomalous 
pathway conduction was noted in 4 of the 6 patients 


„receiving lidocaine. In these patients, anomalous 


pathway conduction failed at lower atrial paced rates 
after administration of this drug. No apparent effect 
was noted in 2 patients who maintained anomalous 
pathway conduction up to paced rates of 200/min. 
Anomalous pathway effective refractory period mea- 
sured in 2 patients receiving liodcaine, was pro- 
longed in 1 patient and unchanged in 1. The mecha- 
nisms of this depressant effect may relate to the ef- 
fects of lidocaine on ventricular muscle. Singh and 
Vaughn Williams,?° studying cardiac muscle action 
potentials, reported that lidocaine depressed the 
maximal rate of depolarization, a quinidine-like ac- ` 
tion. Previous observers noted that administration of 
quinidine could normalize conduction in patients 
with preexcitation, the mechanism probably being a 
specific depressant effect on anomalous pathway 
conduction.*4-26 We postulate that lidocaine pro- 
duced a similar effect. The lack of a significant effect 


> 
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-of lidocaine on normal pathway conduction was con- 


-sistent with previous observations using the His bun- 
dle recording technique.?7 

Propranolol: The effects of propranolol contrast- 
ed with those of lidocaine: There was no significant 
effect of propranolol on anomalous pathway conduc- 
tion in 6 patients whose anomalous pathways re- 
mained intact with atrial pacing. Of 3 patients with 
anomalous pathways that failed with atrial pacing, 
only 1 showed a depressant effect of the drug, as 
manifested by the oceurrence of block at rates of 
160/min before and 150/min after administration of 
propranolol. — > ; 
7 Propranolol did, however, significantly. slow A-V 

` nodal conduction as manifested by either P-H pro- 
longation at equivalent paced rates or the develop- 
ment of second degree A-V block at lower paced 
rates after administration of the drug, or both. A re- 
lated effect of propranolol was the accentuation of 


< preexcitation in the patients with fusion complexes. 


In these patients, greater degrees of preexcitation 

were seen at equivalent paced rates after administra- 

tion of propranolol, reflecting greater A-V nodal de- 

lays without concomitant depression of anomalous 
` pathway conduction. 

The effects of propranolol resembled those of digi- 
talis in patients with the preexcitation syndrome. 
Previous observations suggested that digitalis did 
not impair anomalous pathway conduction, as mani- 
fested by the failure ef ventricular response to slow 
in patients with atrial fibrillation and preexcita- 
tion.28 However, in common with propranolol, digi- 
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talis accentuated the degree of preexcitation, presum- 
ably by slowing A-V nodal conduction.*5.29 

Although both digitalis and propranolol slow A-V 
conduction, the mechanism of action is not the 
same. Digitalis slows conduction at the A-V node 
predominantly by its vagal action, #0 whereas propra- 
nolol slows conduction primarily by its effects as a 
beta sympathetic blocking agent.*? ee 
Clinical Implications 


‘It. is difficult to draw direct clinical implications 
from our study. A depressant effect on either anoma- 
lous pathway conduction or on A-V nodal conduc- 
tion could either inhibit or facilitate arrhythmias. If 
a depressant drug predisposed to undirectional block 
of premature impulses in either pathway, this could 
potentiate the development of reentrant tachycardia. 
In addition, slowing of conduction in 1 pathway 
could facilitate circus movement rhythms by allow- 
ing the contralateral limb of the circus pathway to 
recover, thus perpetuating the arrhythmia. However, 
if a drug critically depressed conduction in either 
pathway, the circus movement could be interrupted, 
converting the arrhythmia. This may be the mecha- 
nism by which lidocaine converted tachyarrhythmias 
in 2 patients with preexcitation described in a report 
by Dye. 3? 

Our study has been useful in delineating the mode 
of action of 2 antiarrhythmic agents in patients with 
preexcitation. Similar studies with other agents 
should lead to further understanding of the pharma- 
cology of this syndrome. 
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The effect of isoproterenol (1 to 9 ug) administered intravenously 
within 30 to 90 seconds was. studied in 106 patients with abnormal 
negative T waves. T waves remained abnormal in patients with QRS 
>0.10 second and in patients with myocardial infarction or pericar- 
ditis. T wave abnormality was reversed in 96 percent of patients with 
QRS <0.10 second. The reversal occurred in patients with and with- 
out heart disease, and usually coincided with an increase in heart 
rate by an average of 34 beats/min. However, in most patients, the 
same increase in heart rate produced by atropine or atrial pacing 
failed to reverse the abnormal T wave. Isoproterenol shortened the 
Q-T interval by an average of 20 msec more than atropine, and the 
reversal of T wave abnormalities was associated with the combina- 
tion of a critical increase in heart rate and a critical decrease in Q-T 
interval. The Q-T interval shortening was significantly less in patients 
with myocardial infarction and pericarditis than in all other patients. 
Isoproterenol did not change the QRS complex, and the effect of the 


drug on the T wave was attributed to unequal shortening of repolar- 


ization in different areas of myocardium. Our results suggest that the 
rapid infusion of small quantities of isoproterenol may be useful in 
separating T wave abnormalities due to myocardial infarction or — 
pericarditis from other primary abnormalities. l 


Isoproterencl, administered intravenously at a rate of 3 to 6 ug/min, 
alters T wave amplitude and polarity in persons with normal T 
waves! and corrects T wave abnormalities in some patients with neg- 
ative T waves.2 These T wave changes occur without alteration of 
the QRS complex and are therefore thought to represent a primary 
change in the sequence of ventricular repolarization. 

During a preliminary study? of the effects of isoproterenol on ab- 
normal T waves, we observed a wide range of responses. In some pa- 
tients, deeply inverted T waves in the standard limb and precordial 
leads became normal; in others, the T wave abnormalities persisted. 
The different responses to isoproterenol suggested that the test 
might be of diagnostic or prognostic value in patients with abnormal 


_ T waves. We therefore attempted to determine the clinical signifi- 


cance of different responses to isoproterenol by relating the observed 
T wave changes to the presence and type of heart disease, the dura- 
tion of the QRS complex and the pathogenesis of the abnormal T 
wave. We also attempted to explain the mechanism of action of 
isoproterenol on repolarization by analyzing the electrocardiographic 
changes after its administration and by comparing its effects with 
those of atropine or atrial pacing. 


` Method 


The 6 standard limb leads and subsequently 6 precordial leads (V1 to Vs) 
were recorded simultaneously with a Siemens 6 channel direct-writing 
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electrocardiograph on paper moving at rates of 25 or 
50 mm/sec. The patients were studied at least 2 hours 
after eating and after 10 minutes of rest in the su- 
-pine position. After the control electrocardiogram was re- 
„corded, a solution containing 4 ug/ml of isoproterenol in 5 
percent aqueous dextrose was infused intravenously 
through an indwelling needle to increase the heart rate by 
25 to 50 beats/min. The rate of infusion was controlled by 
“a Volutrol® microdrip or a Harvard infusion pump and 
was adjusted to deliver 1, 2 or 3 yg of isoproterenol within 
30 seconds. Each patient initially received the smallest 
dose (1 ug), and if the desired increase in rate did not 
occur, the larger doses were sequentially infused. Each 
new infusion was made after all electrocardiographic ef- 
fects of the previous infusion had disappeared. Only 4 pa- 
tients required more than 3 yg of isoproterenol in 1 infu- 
sion to achieve the desired rate increase. Three received 6 
ug of isoproterenol within 60 seconds, and 1 received 9 ug 
within 90 seconds. During each infusion, the electrocardio- 
gram was monitored continuously and the infusion was 
discontinued if ectopic beats appeared. 

_ To assess the effects of rate increase alone, electrocardio- 
grams were also recorded during an increase in heart rate 
induced by atrial pacing or administration of atropine. In 
12 patients the effect of isoproterenol was compared with 
the effect of atrial pacing. In these patients the isoprotere- 
nol infusion was performed first. When all effects of 
isoproterenol had disappeared, the right atrium was paced 
at the maximal rate induced by isoproterenol, after which 
isoproterenol was repeated while the atria were paced. In 
68 patients, a single dose of 0.4 to 0.8 mg of atropine sul- 
fate was administered intravenously 15 minutes after all 

_ electrocardiographic effects of the last dose of isoprotere- 
nol had disappeared. It has been shown that all electro- 
cardiographic effects of atropine are due only to the in- 
crease in heart rate. We explained to all patients the ex- 
perimental nature and purpose of these procedures, and 
obtained their consent to conduct the study. 

The electrocardiograms were analyzed in tracings mag- 
nified 2.5 times. The R-R, Q-T, Q-aU (Q to apex U) and 
Q-U intervals were determined by previously described 


«i: methods.* The accuracy of the measurements of these in- 


tervals was within 0.01 second. The Q-Tec interval was ex- 
< pressed as the percent of normal Q-T interval expected 
for the rate and sex. When the QRS interval was longer 


=> than 0.10 second, the interval by which the QRS complex 


duration exceeded 0.10 second was subtracted from the 
measured Q-T interval. The direction of the mean T 
wave vector in the frontal and horizontal planes was esti- 
mated by Grant’s method.® Statistical evaluation was per- 
formed using the Student t test. A P value of <0.05 was 
considered significant. 


Material 


We studied 106 patients (73 men and 33 women, aged 
14 to 80 years} with abnormal T waves. In all patients the 
T wave was frankly inverted in 2 or more standard leads 
in which the T wave is normally upright. We arbitrarily 
selected patients with different types of primary or secon- 
dary T wave abnormalities to obtain a sample repre- 
senting a wide spectrum of abnormal T waves of both 
Known and uncertain cause. Each patient underwent care- 
ful clinical evaluation, including analysis of chest roent- 
géenographic findings, before the study. We excluded all 
patients with ectopic beats and rhythms, atrioventricular 
conduction disturbances, angina pectoris or electrolyte 
imbalance, as well as those treated with antiarrhythmic or 


TABLE I 


Clinical and Electrocardiographic Findings in 106 Patients 
with Abnormal T Waves 











Proved 

or Sus- 
Group Electrocardiographic Pattern pected Absent Total 
1 Bundle branch block 33 ae 33 


and hypertrophy with 
QRS 2 0.10 second 


2 Transmural and 16 ee 16 
nontransmural 
myocardial infarction 
3 Pericarditis 5 ee 5 
4 Other patterns. with 14 4 18 


abnormal QRS complex 
<0,10 second 

5 Isolated T wave 12 22 34 
abnormality 


Total 80 26 106 





tranquilizing drugs. Patients receiving maintenance doses 
of digitalis were studied if they had no manifestations of 
congestive heart failure at the time of study. On the basis 


of the electrocardiographic pattern, the patients were as- Se 


signed to 1 of the 5 groups (Table I). 

Group 1 included the following 33 patients: (1) 4 with 
left bundle branch block, (2) 21 with a pattern of left ven- 
tricular hypertrophy (the sum of R wave in lead Ve and S 
wave in lead V; 23.5 mv and interval from Q wave to onset 
of intrinsicoid deflection in lead Ve 20.04 second), (3) 5 
with right bundle branch block, (4) 3 with a pattern of right 
ventricular hypertrophy with QR or R waves in leads V3R 
and Vı. All patients in group 1 had heart disease (10 hy- 
pertensive, 9 idiopathic myocardial, 6 acquired valvular, 3 
congenital, 2 chronic cor pulmonale and 3 other types), 
and 12 were being treated with digitalis, 

Group 2 included 16 patients with a diagnosis of myo- 
cardial infarction established by typical clinical course, 
serial electrocardiographic changes and serum enzyme ab- 
normalities. The time between the infarction and the 
study ranged from 3 weeks to 6 months. In all patients the 
duration of the QRS complex was less than 0.10 second. 

Group 3 included 5 men studied within 2 to 4 weeks 
after the onset of acute pericarditis. All patients had a 
normal QRS complex and none was receiving digitalis. 

Group 4 included the following 18 patients with an ab- 
normal amplitude or configuration but normal duration of 
the QRS complex: (1) eleven with a pattern of left ven- 
tricular hypertrophy (R wave in lead Vg + S wave in lead 
V, 23.5 mv). Of these, 7 had heart disease (4 hyperten- 
sive, 2 acquired valvular and 1 idiopathic) and 2 diabetes 
mellitus. Two patients had no heart disease, and the high 
amplitude of the QRS complex in the precordial leads was 
attributed to their thin chest wall. (2) Five with an abnor- - 
mal left axis in the frontal plane. Of these, 1 had hyper- 
tension, 2 proved or suspected idiopathic myocardial dis- 
ease, 1 cerebrovascular thrombosis, and 1 pancreatitis 
(the latter 2 patients had no evidence of heart disease). 


(3) Two men aged 18 and 31, respectively, with abnormal >| 


deep, narrow Q waves in the left precordial leads. Both 
had normal coronary arteriograms. In 1, cardiac catheter- ` 
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FIGURE 1. Electrocardiogram (lead V4) of a 32 year old pa- 
tient with suspected primary myocardial disease before and 
after administration of isoproterenol. Two complexes with the 
same R-R interval are superimposed. Note that isoproterenol 
does not change the QRS complex, reverses the polarity of the 
T wave (from negative to positive) and shortens the Q-T inter- 
val. After isoproterenol infusion, the apexes of the T wave (aT) 
and the U wave appear earlier (aT! and U'). (2.5, reduced by 
16 percent.) 


ization revealed no abnormal findings, and in the other a 
slightly increased left ventricular end-diastolic pressure 
was the only hemodynamic abnormality. In the entire 
Group 4, heart disease was proved or suspected in 14 and 
absent in 4 patients. Three patients were treated with 
digitalis. 

Group 5 included 20 men and 14 women. All patients 
had a normal QRS complex, normal heart size, and none 
had congestive heart failure or history of chest pain. One 
patient in this group was treated with digitalis during an 
attack of paroxysmal tachycardia. Ten patients had either 
heart disease or factors predisposing to coronary artery 
disease: hypertension (3 patients), aortic insufficiency (1), 
idiopathic myocardial disease (2), suspected myocarditis 
(1), hyperlipidemia (2), and diabetes mellitus (1). Two 
patients were asymptomatic relatives of patients with ei- 
ther familial idiopathic myocardial disease or progressive 
muscular dystrophy. In 11 of the 22 remaining patients in 
this group, the T wave abnormalities could be attributed 
to the following conditions: cerebrovascular accident (3 
patients),? cerebral metastases (1), cryohypophysectomy 
(1), brain concussion (1), panhypopituitarism (1), Addi- 
son’s disease (1), radical neck dissection for metastatic 
carcinoma of the parotid gland (1), “juvenile” pattern (1), 
and post-tachycardia (1). The remaining 11 patients had 
no obvious heart disease or conditions known to be associ- 
ated with negative T waves. 

Table I shows that in all there were 80 patients with 

_ proved or suspected heart disease and 26 without evidence 
of heart disease. Cardiac catheterization and coronary ar- 
teriography were performed in 24 patients with and in 6 
without heart disease. 


Results 


Heart rate, rhythm, and symptoms: Isoprotere- 
nol increased the heart rate by an average of 34 
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FIGURE 2. Each panel shows a pair of electrocardiographic 
complexes recorded before (left) and after (right) administration 
of isoproterenol in patients with myocardial infarction (A to D), 
pericarditis (E), left bundle branch block (F), right bundle 
branch block (G), right ventricular hypertrophy (H) and left ven- 
tricular hypertrophy (I to L). The patients whose electrocardio- 
grams are shown in C, D, H, | and K were treated with digitalis. 
In Ato E, lead Vs; in F and I to L, lead Ve; in Gand H, lead V2. 


(range 27 to 55) beats/min. The maximal increase in 
heart rate occurred within 30 to 90 seconds, and the 
return of control rate within 5 to 10 minutes after 
the end of infusion. The doses of isoproterenol re- 
quired to achieve the desired increase in heart rate 
were usually smaller in the patients with the slowest 
control rates. In 10 patients ventricular extrasystoles 
appeared after the isoproterenol infusion. The drug 
produced no other arrhythmias and no chest pain, 
but some patients experienced an unpleasant sensa- 
tion of heart pounding. 

QRS complex and S-T segment: Isoproterenol 
did not alter the shape or duration of the QRS com- 
plex (Fig. 1). In some patients the QRS amplitude 


‘decreased after administration of isoproterenol, but 


this effect was attributed to the increase in heart 
rate because atropine or pacing produced the same 
effect. The drug did not shift the normal S-T seg- 
ment from the base line value, and did not modify 
the S-T segment deviations caused by digitalis, ven- 
tricular hypertrophy or bundle branch block (Fig. 2). 
However, the change in T wave polarity produced by 
isoproterenol was associated with a change in slope 
of the distal portion of the S-T segment (Fig. 1 and 
3). 

T wave: Table II shows that administration of 
isoproterenol reversed the T wave abnormalities in 
50 of 52 patients in Groups 4 and 5 (Fig. 3 to 9). 
Isoproterenol did not reverse the T wave abnormali- 
ties in any patient with a wide QRS complex (Group 
1), myocardial infarction (Group 2) or pericarditis 
(Group 3). All patients whose T wave abnormalities 
were not reversed by isoproterenol had heart disease; 
40 had cardiac enlargement and 21 were receiving 
digitalis. Representative tracings obtained before 
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FIGURE 3. Each panel shows a pair of electrocardiographic 
complexes before (left) and after (right) administration of 
isoproterenol in patients without heart disease (A to H), and in 
patients with left ventricular hypertrophy and normal QRS dura- 
tion (1 to L). The patient in | was treated with digitalis. In A to 
H, lead V4; in Ito L, lead Vs. 


and after administration of isoproterenol are shown 
in Figure 2. Isoproterenol frequently decreased the 
amplitude of the inverted T wave (Fig. 2, A to D, H 
and L), but similar changes occurred during tachy- 
cardia induced by pacing in 6 and by atropine in 28 
patients. 

Of 50 patients whose T wave abnormalities were 
reversed by isoproterenol, 24 had proved or suspect- 
ed heart disease and 26 had no evidence of heart dis- 
ease. The heart was not enlarged in any of these pa- 
tients, and only 1 was receiving digitalis. The direc- 
tion of the T wave vector in the frontal plane was 
normal (range +80° to —40°) in 14 patients and ab- 
normal in 36 patients, but was abnormal in the hori- 
zontal plane in all patients. The T wave vector was 
directed to the right and posteriorly (range —155° to 
—115°) in 15, to the left and posteriorly (range —80° 
to —45°) in 11, and to the right and anteriorly (range 
+110° to +150°) in 24 patients. Isoproterenol shifted 


TABLE II 


Comparison of the Effect of Isoproterenol vs. Effect of 
Atropine or Pacing on the Abnormal T Wave 





T Wave Abnormality After T Wave Abnormality After 








Isoproterenol Atropine or Pacing 
Group Persisted Reversed Persisted Reversed 

1 33 24 
2 16 9 
3 5 5 

4 1 17 15 3 

5 1 33 22 3 
Total 56 50 71 

















CONTROL ISP ATROPINE 


751770 8-13-70 9-14-70 


FIGURE 4. Electrocardiogram of a 64 year old man with car- 
cinoma of the prostate and no heart disease. T waves were up- 
right on July 17, 1970 and on September 14, 1970, but became 
transiently inverted after cryohypophysectomy (August 13, 
1970). T wave polarity is reversed by isoproterenol (ISP) but not 
by atropine. In this and in the subsequent figures, the Q-T inter- 
val is expressed in hundredths of a second, Q-Tc in percent of 
expected normal, and the paper speed is 25 mm/sec. 
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FIGURE 5. Electrocardiogram of a 43 year old man with pitui- 
tary insufficiency and no evidence of heart disease. In the con- 
trol tracing on April 1, 1970, the T wave is inverted before, and 
upright after administration of 1.5 ug of isoproterenol (ISP). T 
wave became upright within 9 1/2 months after the onset of 
treatment with prednisone and thyroid January 14, 1971. On 
January 14, 1971 the heart rate is the same as in the control 
electrocardiographic tracing April 1, 1970, but the Q-T interval 
is 0.05 second shorter. The Q-T interval on January 14, 1971 is 
the same as the Q-T interval after administration of isoprotere- 
nol on April 1, 1970. 
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RR 80 60 60 
QT 39 36 37 
QTc 105 116 ng 
CONTROL ISP ATROPINE 
FIGURE 6. Electrocardiogram of a 47 year old man with chest 


pain of uncertain origin and negative T waves in the leads | and 
V3 to Vs. T waves became normal after administration of 
isoproterenol (ISP), but not after administration of atropine. This 
patient had no evidence of heart disease. At cardiac catheter- 
ization, all hemodynamic measurements, left ventriculogram and 
selective coronary arteriagrams were normal. 
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FIGURE 8. On the ordinates (from top to bottom): Q-Tc, Q-T 
and T wave amplitude. On the abscissa R-R interval in 0.01 
second. Effects of isoproterenol (ISP) and atropine in 6 patients 
with similar control heart rates and similar changes in rate after 
administration of isopreterenol and atropine. See text. 


V 


1 
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RR 70 50 50 
QT 37 35 35 
QTc 105 134 134 
CONTROL ISP ATROPINE 
FIGURE 7. Electrocardiogram of a 29 year old man with 


hyperlipidemia but no evidence of heart disease shows reversal 
of the T wave abnormalities after administration of isoproterenol 
(ISP) and atropine. Both drugs produce the same change in 
heart rate and the same shortening of the Q-T interval. 


the T wave vector to the left, anteriorly and inferior- 
ly. 

In some patients with T wave abnormalities re- 
versed by isoproterenol, the T wave became normal 
within days after the test, whereas in others the T 
changes resolved slowly or not at all. Figure 4 shows 
the effect of isoproterenol on the T wave in a patient 
with transient T wave abnormalities attributed to 
cryohypophysectomy.® These T wave abnormalities 
disappeared spontaneously within 1 month (Fig. 4). 
Figure 5 shows the effect of isoproterenol on the 
chronic T wave abnormality of a patient with 
panhypopituitarism. Such T wave abnormalities 
usually regress within several months after the onset 
of hormonal replacement therapy.® In our patient 
this regression was complete within 9 1/2 months. 
Figure 6 shows the effect of isoproterenol on the 
long-standing T wave abnormality of a 48 year old 
man with atypical chest pain and abnormal T waves 
of uncertain cause. A submaximal treadmill exercise 
test produced neither chest pain nor ischemic S-T 
segment changes. Hemodynamic studies, including 
ventriculography and coronary arteriography, were 
normal. In this and several other patients without 
evidence of heart disease, the T wave abnormalities 
had been present for months or years. 

We have followed up the patients reported in this 
paper for periods ranging from 3 months to more 
than 2 years. During this follow-up period no patient 
whose T wave abnormalities were reversed by 
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TABLE Ill 


Effect of Isoproterenol on R-R, Q-T and Q-Tc Intervals in Different Groups with Abnormal T Waves* 





R-R (0.01 second) 





Patients 
Group (no.) c ISP 

1 

Treated} 12 83 + 14 57+ 10 

Not treated 21 85+ 15 59 + 12 
2 

Treated 9 81+ 10 5427 

Not treated 7 82+ 12 60 + 8 
3 

(not treated) 5 75+ 11 54+ 9 
4 

Treated 3 73 + 12 535 

Not treated 15 85 + 10 57+ 4 
5 

(not treated) 33 84+ 11 56 + 8 


* Results expressed as mean + standard deviation of the mean. 


t Treated = treated with digitalis. 





Q-T (0.01 second ) (Q-Tc (%) 

(H ISP C ISP 
39+ 3 Sods St 105 + 4 See 11 
40+ 5 35 + 4ł 106 + 7 114 + 12 
40 + 3 37 + 2t 105 + 6 124+ 9 
322 36 + 1f 103 + 3 122 = 13 
37+ 4 36+ 5 101+ 10 129+ 8 
38 2 34+1 106 + 9 117 + 10 
40 + 2 So 3f 103 + 6 115 + 10 
40 + 3 33-25, 103 + 6 114+ 10 


t Significant difference between control values and values after isoproterenol infusion (P <0.05). 


C = control; ISP = isoproterenol. 
§ Group 5 does not include 1 patient receiving digitalis. 


isoproterenol had clinical manifestations of ischemic 
heart disease. 

The effects of atropine or pacing on the T wave 
were studied in 43 of 50 patients whose T wave ab- 
normalities were reversed by isoproterenol. Table II 
shows that these procedures reversed the T wave 
abnormality in 6 patients. Figure 7 shows an exam- 
ple of T wave abnormality reversed by both isopro- 
terenol and atropine. In the remaining 37 patients, 
the T waves remained abnormal when atropine or 
pacing produced the same decrease in R-R duration 


FIGURE 9. Diagram representing the electrocardiogram as a 
difference between 2 monophasic action potentials (MAP). The 
T wave is upright when the upper (subendocardial) MAP ends 
later than the lower (subepicardial) MAP, and the T wave is in- 
verted when the lower MAP ends later than the upper MAP. In 
A, C and E the duration of the upper MAP exceeds that of the 
lower MAP. In B, D and F the duration of the lower MAP ex- 
ceeds that of the upper MAP. The dotted lines represent action 
potential changes after an increase of heart rate by atropine, or 
pacing (A and B) and isoproterenol (ISP) (C to F). If we as- 
sume that atropine or pacing produces equal shortening of both 
MAP's the Q-T interval shortens, but the T wave polarity re- 
mains unchanged. In C and D, isoproterenol shortens the lower 
MAP more than the upper MAP. This causes an increase in am- 
plitude of the upright T wave in C, and the reversal of T wave 
polarity in D. In E, the depolarization of the lower MAP is de- 
layed, QRS complex is widened, and T wave inversion is secon- 
dary to the delayed depolarization. Isoproterenol shortens the 
lower MAP more than the upright MAP, the Q-T interval short- 
ens, but the secondary T wave inversion persists. In F, the in- 
creased duration of the lower MAP is caused by myocardial 
ischemia. Isoproterenol shortens the upper MAP more than the 
lower MAP in the ischemic area, and the T wave remains in- 


verted. 


as that produced by isoproterenol (Fig. 4, 6 and 9). 
In these patients, the effect of isoproterenol could 
not be attributed to a critical increase in heart rate 
alone. 

Q-T interval: Table III shows the effects of 
isoproterenol on the Q-T and Q-Tec intervals at the 
time of the greatest increase in heart rate. All mea- 
surements were made when the duration of R-R in- 
tervals was constant for at least 10 consecutive cy- 
cles. Groups 1, 2 and 4 contained 2 subgroups: (1) 
patients who were receiving digitalis, and (2) those 
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TABLE IV 


Comparison of Effects of Isoproterenol and Effects of Atropine or Pacing on Q-T Interval in 
Patients with Abnormal T Waves* = ie 








R-R (0.01 second ) a Aver. Diff. 


















Patients Aver tid OTO oe a Gye Ove. 
Group me) c ISP and A orp. Diff, c ASP OAR Pho 8 SP Aor Pe 
Treated 8 B Ee et a ae RS a 3 
Not treated 16 B4er 14 BF ce 10 27 40 Eaki ; oie 
2 . oS 
Treated = Be BEG 5645 - 29 OEE 2 
Not treated 5 CBA ID 60 £10 24 BE? 8 
3 (not treated) 5O OO BEIO Mag se ae 
Treated 3. BAR o B45 20 Ba 2 Mtl Bel. 3 
Not treated 12400. 86 10 z nae gg ag 27 40 2. Mep : 36 2t 6 4 
-Treated a OE 26 394+ 3 332p Ht Ate 6 4 
Not treated.. 5 G; gia ; 
* Results expressed as mean sk standard deviation of the mean. 
} Six patients whose T wave abnormalities were reversed by atropine are not included. 
{Significant difference between control and. procedure (P <0.05). 
€ Significant difference between procedures (P <0,05). 
A = atropine; Aver. = average; C = control; Diff, = difference; ISP = isoproterenol; P = pacing. 
who were not receiving digitalis. There was no signif- + 6 percent and in the remaining 85 patients 104 + 
icant difference between the 2 subgroups in the effect 6 percent. This difference was not significant. After 
of isoproterenol on the Q-T interval. isoproterenol infusion, the Q-Tec interval averaged 


Isoproterenol shortened the Q-T interval in all 125 + 11 percent in 21 patients in Groups 2 and 3, 
groups, but this shortening was not significant in and 115 + 11 percent in the remaining 85 patients. 
Group 3 and first subgroup of Group 4, probably be- The difference between these Q-Tc intervals was sig- 





cause of the small sample size of these groups. Table nificant. 

III shows that isoproterenol produced a greater in- In 75 patients, we compared the effects of isopro- 
crease in Q-Tec interval in Groups 2 and 3 (range 122 terenol with the effects of atropine or pacing on Q-T 
to 129 percent of expected normal) than in other intervals in complexes having identical duration of 
groups (range 111 to 117 percent). The control Q-Tc the preceding R-R interval (Table IV). Although the 


value in 21 patients in Groups 2 and 3 averaged 103 average shortening of the absolute Q-T interval after 

administration of isoproterenol was greater than 
after use of atropine or pacing in Groups 1, 4 and 5, 
the difference was statistically significant only in 











Va ‘Group 5. This group in Table IV does not include the 
patient whose T wave remained abnormal after ad- 
ministration of isoproterenol, or the patients whose 
T wave became normal after administration of both 
isoproterenol and atropine (Table H). Thus, in these 

Vs * 22 patients, all Q-T intervals after isoproterenol 

He aid ei infusion were measured when the T waves had be- 
CONTROL PACING : come upright, and all Q-T intervals after adminis- 
ee ee tration. of atropine or pacing were measured when 

eee ASP the T waves were inverted. 

9-16-1970 ae ener The association between the reversal of T wave 

FIGURE 10. Electrocardiogram of a 55 year old man with dia- Abnormality and the shortening of Q-T interval is 
betes mellitus, increased left ventricular end-diastolic pressure illustrated in Figure 8, which shows the effect of 
and normal coronary arteriogram, before (control), during atrial isoproterenol and atropine on the amplitude of the T 
pacing, and during pacing and isoproterenol (ISP) infusion. wave, and the R-R, Q-T and Q-Tc intervals in 6 pa- 
Note the effect of isoproterenol on the T wave. The Q-T interval tients The control heart rate in all 6 was the same 
during pacing without isoproterenol is 34, and with isoproterenol hare : gee ’ 
is 32. and the increase in rate after administration of both 
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drugs was similar. When the R-R interval decreased 
from 0.9 to 0.7 second, isoproterenol and atropine 
had the same effects on both the T wave and the 
Q-T interval. When the R-R interval decreased to 
0.6 second, the T wave polarity was reversed by 
isoproterenol, but not by atropine. At this heart rate, 
isoproterenol produced on the average 20 msec more 
shortening of the Q-T interval than did atropine. 
When the R-R interval decreased to 0.5 second, the 
differences between the effects of isoproterenol and 
atropine on the T wave and the Q-T interval persist- 
ed. At this duration of R-R interval, the average du- 
ration of the absolute Q-T interval after administra- 
tion of atropine was nearly equal to the average du- 
ration of the Q-T interval after administration of 
isoproterenol at the R-R interval duration of 0.6 sec- 
ond. This finding suggests that the reversal of T 
wave abnormalities was associated with a combina- 
tion of a critical increase in heart rate and a critical 
shortening of the Q-T interval, rather than with ei- 
ther factor alone. 

After the termination of isoproterenol infusion, the 
heart rate returned to control values before the T 
wave became inverted, or the Q-T interval length- 
ened to its control value. Figure 8 shows that during 
the phase of deceleration the T wave remained up- 
right when the R-R interval increased to 0.7 second. 
The duration of the Q-T interval at this R-R interval 
value was shorter than the duration of the Q-T in- 
terval at the same R-R interval value during the 
phase of acceleration (reversed hysteresis). During 
deceleration of the heart rate, the transition from 
normal to abnormal T wave configuration usually 
paralleled the increase in the Q-T interval. but in 
some cases the duration of the Q-T interval returned 
to control levels earlier than the configuration of the 
T wave. Thus, sometimes after isoproterenol admin- 
istration, the T wave remained transiently upright 
when both the R-R and the Q-T intervals had re- 
turned to control levels. 


Role of QRS duration in the effect of isoprotere- 
nol on the T wave polarity: In patients with nor- 
mal duration of the QRS complex, the inverted T 
wave became upright when isoproterenol shortened 
the R-R interval by about 260 to 280 msec and the 
Q-T interval by about 60 msec. However, in patients 
whose QRS duration exceeded 0.10 second, isopro- 
terenol produced similar shortening of the R-R and 
the Q-T intervals but did not change the T wave po- 
larity. This finding suggested that the effect of 
isoproterenol on the T wave was dependent on the 
QRS duration. The role of this factor is clearly dem- 
onstrated in patients with a pattern of left ventricu- 
lar hypertrophy without bundle branch block. This 
pattern was present in 21 patients with nonreversible 
T wave changes in Group 1 and in 11 patients with 
reversible T wave changes in Group 4. The ampli- 
tude of the QRS complex was similar in both groups, 
but the QRS duration averaged 106 msec in Group 1 
and 85 msec in Group 4. This difference was highly 
significant (P <0.001). 


U wave: Administration of isoproterenol in- 
creased the amplitude of the U wave, and shifted its 
apex to the left. During acceleration of the heart 
rate, the U wave frequently fused partly or com- 
pletely with the T wave (Fig. 1). The effects of 
isoproterenol on the amplitude and the timing of the 
U wave were less pronounced in patients with myo- 
cardial infarction than in other groups. 


Discussion 


Isoproterenol has been employed in cardiac, diag- 
nosis to provoke ischemic S-T changes!° and to test 
the effectiveness of beta adrenergic blockade in the 
treatment of tachyarrhythmias.!! The doses of 
isoproterenol used in these tests were larger than 
those we used to test its effect on the T wave. In our 
study, isoproterenol produced single ventricular ex- 
trasystoles in 10 percent of patients, but no other ar- 
rhythmias and no ischemic S-T segment changes. 
We were prepared to use propranolol intravenously 
to treat undesirable or hazardous effects of isoproter- 
enol, but none of our patients required such treat- 
ment. We attribute the apparent safety of our meth- 
od to the use of small doses, continuous electrocardi- 
ographic monitoring during the procedure, and care- 
ful patient selection. In a recent study of a small 
group of normal subjects and patients with coronary 
artery disease, Wexler et al.!? reported that the in- 
travenous administration of isoproterenol, in doses 
comparable to those used in our study, produced no 
untoward side effects. 

In the absence of changes in the QRS interval, the 
effect of isoproterenol on the T wave must be attrib- 
uted to alteration in the sequence of repolarization. 
Isoproterenol accelerates phase 3 of the canine 
monophasic action potential!® and shortens the pla- 
teau as well as the total action potential duration in 
the rabbit papillary muscle.14 Isoproterenol consis- 
tently shortens the monophasic action potential in 
the isolated dog papillary muscle.1° The results of 
these studies suggest that the effect of isoproterenol 
on the T wave in man is due to shortening of the 
ventricular action potentials. 

Our results are consistent with the hypothesis that 
isoproterenol shortens the ventricular action poten- 
tials unequally, and thereby increases the ventricular 
gradient. Figure 9 illustrates this effect in a diagram 
representing the normal ventricular gradient in per- 
sons with upright T waves as the consequence of a 
longer duration of the subendocardial action poten- 
tials with respect to the subepicardial action poten- 
tials. If we assume that isoproterenol shortens the 
subepicardial action potentials more than the suben- 
docardial action potentials,* the amplitude of the 
normal T wave will increase! (Fig. 9C) and the po- , 
larity of the. abnormal T wave will become reversed 
(Fig. 9D). 


*If we assume that the ventricular gradient is caused by other 
action potential differences, for example, the right and left ven- 
tricle or the apex and the base,'® the proposed sites of the ac- 
tion potential shortening should be appropriately modified. 
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In a few patients the T wave inversion was rate- 
dependent, and the T wave became normal after 
pacing or administration of atropine. In these pa- 
tients, the reversal of T wave abnormalities by 
isoproterenol could be attributed solely to the in- 
creased heart rate. However, in the majority of our 
patients, increased heart rate produced by atropine 
or pacing did not alter the polarity of the T wave. 

Recent studies!7 have shown that when the heart 
rate changes abruptly, the duration of the ventricu- 
lar refactory period adjusts gradually to the new 
cycle duration during the ensuing several hundred 
beats. However, our results could not be explained 
by prolonged and asynchronous adjustment of repo- 
larization to the increase in heart rate because 
isoproterenol reversed the T wave abnormalities even 
when the heart rate was kept constant by atrial pac- 
ing (Fig. 10). 

Isoproterenol did not reverse the T wave abnor- 
malities in patients with wide QRS complexes, myo- 
cardial infarction or pericarditis. An increased dura- 
tion of the QRS complex is associated with secon- 
dary T wave changes caused by increased duration 
or altered sequence of depolarization. Our results 
suggest that isoproterenol does not reverse these sec- 
ondary T wave abnormalities. It may be assumed 
that the changes in the sequence of repolarization 
produced by isoproterenol do not affect repolariza- 
tion changes produced by the delay in depolarization 
(Fig. 9E). 

In our patients with myocardial infarction and 
pericarditis, the duration of the QRS complex was 
normal. T wave abnormalities after myocardial in- 
farction have been attributed to prolonged repolar- 
ization in the ischemic areas of the myocardium.16.18 
In patients with infarction and pericarditis, isopro- 
terenol shortened the Q-T interval significantly less 
than in patients with reversible T wave abnormali- 
ties. This finding suggests that in the former patients 
isoproterenol changed the sequence of repolarization 
less than in the other groups (Fig. 9F). The persis- 
tence of T wave abnormalities after isoproterenol 
may be due to decreased responsiveness of repolar- 
ization in the affected areas to the beta adrenergic 
stimulation, or to poor perfusion and inadequate de- 
livery of isoproterenol to the affected areas. The ob- 
served effects of isoproterenol on ventricular repolar- 
ization in patients with myocardial infarction are 
consistent with the observation that changes in heart 
rate have less effect on the ventricular gradient in 
patients with myocardial ischemia than in normal 
persons. 19 


Possible mechanism ef T wave inversion: Two 
observations provide an opportunity to estimate the 
* magnitude of delay in repolarization responsible for 
the inversion of the T wave. In patients with a pat- 
tern of left ventricular hypertrophy, the duration of 
the QRS complex averaged 85 msec in the group 
with reversible and 106 msec in the group with non- 
reversible T wave inversion. Isoproterenol had the 
same effect on the heart rate and the duration of the 
Q-T interval in both groups. This observation 


suggests that the persistent T wave inversion after 
isoproterenol infusion in some patients with left ven- 
tricular hypertrophy may be due to an average 21 
msec delay in depolarization in certain regions of the 
myocardium. 

In 37 patients with normal duration of the QRS 
complex, the T wave abnormalities were reversed by 
isoproterenol but not by atropine or pacing. In these 
patients, both isoproterenol and atropine or pacing 


‘produced the same increase in heart rate, but 


isoproterenol produced an average 20 msec greater 
shortening of the Q-T interval. This finding suggests 
that in these patients, the T wave inversion after at- 
ropine or pacing may be due to a 20 msec increase in 
the duration of repolarization. in certain regions of 
the myocardium. Our estimate of the delay in depo- 
larization responsible for secondary T wave abnor- 
malities is identical to our estimate of the delay in 
repolarization responsible for primary T wave abnor- 
malities. These identical values may be a coinci- 
dence, but the agreement derived from 2 indepen- 
dent calculations adds confidence to their validity. 
Our calculations support the hypothesis that small 
changes in the sequence of repolarization may cause 
gross changes in the direction of the T wave vector.?° 

Clinical application of isoproterenol test: 
Isoproterenol reversed T wave abnormalities in 24 
patients with proved or suspected heart disease. In 
some of these, the T wave abnormalities could have 
been “functional” and coincidental with heart dis- 
ease. However, in many of these patients the QRS 
complex was also abnormal; indeed, 11 had the pat- 
tern of left ventricular hypertrophy. Thus, even T 
wave abnormalities precipitated by organic heart 
disease may be reversed by isoproterenol. However, 
the heart disease in patients with T wave abnormali- 
ties reversed by isoproterenol was less advanced than 
in patients with nonreversible T wave abnormalities. 
Thus, cardiomegaly was present in 80 percent of pa- 
tients with nonreversible T wave abnormalities but 
was absent in all patients with reversible T wave ab- 
normalities. 

Our study suggests the following 2 possible clinical 
applications of the isoproterenol test: (1) It may be 
helpful in separating T wave abnormalities due to 
myocardial ischemia or pericarditis from other pri- 
mary T wave abnormalities in patients with normal 
QRS duration; and (2) it may have prognostic signif- 
icance if follow-up studies of a patient reveal a 
change from negative to positive response, or vice 
versa. A larger number of patients and longer pro- 
spective study will be needed to establish the ulti- 
mate diagnostic and prognostic value of this test. 
Our experience suggests that the test is both simple 
and safe. The striking changes in the direction of T 
wave vector produced by small doses of isoproterenol 
emphasize the remarkable sensitivity of ventricular 
repolarization to beta-adrenergic stimulation. 
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Twenty-seven patients with mitral valve disease and pulmonary arte- 
rial systolic pressure greater than 100 mm Hg were evaluated. 
Twenty-five patients have been subjected to mitral valve surgery, 
consisting of open valvotomy in 6 and mitral valve replacement in 
19, with an operative mortality of zero and 16 percent, respectively. 
Postoperative hemodynamic studies were obtained in 15 of the 19 
late survivors, an average of 29 months after operation. Average 
pulmonary arterial systolic pressure decreased from 115 preopera- 
tively to 50 mm Hg postoperatively; pulmonary vascular resistance 
decreased from 1,153 to 305 dynes sec cm~*, and cardiac index 
rose from 1.9 to 2.5 liters/min per m?. Patients with normal left atri- — 
al pressure and normal sinus rhythm postoperatively experienced 
the greatest hemodynamic and clinical improvement. This study indi- 
cates that even extreme degrees of pulmonary hypertension and in- 
creased pulmonary vascular resistance due to mitral valve disease 
regress markedly if surgery adequately decompresses the left atri- 
um. 


Pulmonary hypertension frequently accompanies mitral valve disease 
that is sufficiently severe to warrant surgical therapy. The relation 
between the degree of pulmonary arterial and pulmonary venous hy- 
pertension in severe mitral valve disease varies greatly and signifi- 
cantly influenees the clinical findings and prognosis.+-? In approxi- 
mately 10 percent of patients requiring surgery for mitral stenosis, 
disproportionately high pulmonary arterial pressure develops be- 
cause of greatly increased pulmonary vascular resistance.* Anatomic 
changes® and a vasoconstrictive component®.® contribute to this 
large decrease in pressure across the pulmonary vascular bed. 
Adequate decompression of the left atrium may be followed by a 
large reduction in pulmonary vascular resistance, 1°15 although such 
reversibility was not always apparent in series reported before the 
advent of mitral valve replacement.15:17 Reversibility. of extreme 
pulmonary hypertension in mitra! valve disease has been docu- 
mented less frequently.3:12.17-19 This study presents. the experience 


‘at Stanford Medical Center over the past decade with mitral valve 


disease complicated by extreme pulmonary hypertension, and re- 
views the preoperative clinical features, operative mortality and 
postoperative hemodynamic and clinical results. 


Materials and Methods 


A total of 27 patients with mitral valve disease and extreme pulmonary 
hypertension, defined as a resting pulmonary arterial. systolic. pressure 
greater than 100 mm Hg, were evaluated from 1960 through 1969. Case re- 
trieval was. accomplished by review of all cardiac catheterization records in 
which the resting pulmonary. arterial systolic pressure was greater than 100 
mm Hg. Subsequently, all records including a diagnosis of mitral valve dis- 
ease were reviewed to assess the:relation of pulmonary pressure and vascu- 
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lar resistance to operative mortality. There were 24 female 
and 3 male patients; patient age ranged from 30 to 74 
years. Twenty-five of the 27 patients had mitral valve sur- 
gery: 6 had open valvotomy, and 19 had mitral valve re- 
placement, 18 with a Starr-Edwards prosthesis (model 
6120T), and 1 with an inverted aortic homograft. One pa- 
tient. required replacement of the tricuspid valve at the 
‘time of mitral valve replacement. Two patients with se- 
vere pulmonary hypertension, who required aortic as well 
as mitral valve replacement, were excluded from this 
study. Records of all the patients were reviewed, and 17 of 
the 19 current survivors were interviewed and examined. 
bs Hemodynamic evaluation ae heart catheterization in 





six patients had ucal or autopsy evidence of rheumatic 
heart disease, with predominant stenosis in 25 and predomi- 
nant insufficiency after mitral valvotomy i in 1. One patient 
had 4 mitral. insufficiency necondaty to papillary muscle in- 
arctio) 






ire a measurements “were made with Statham 
P23Db pressure transducers positioned at the mid-thorac- 


ic level. Cardiac output was determined by the Fick prin- — ; 


ciple in 13 patients, and by indocyanine green indicator- 
dilution technique in 2. Pulmonary vascular ‘Tesistance 
was calculated from the following formula: 


PVR = PA — PAW x 79.98/CO 


_ where PVR is the pulmonary vascular resistance in dynes 
see cm~5, PA and PAW are the mean pulmonary arterial 
“and pulmonary arterial wedge pressures (mm Hg), respec- 


a ; tively, and CO is the cardiac output (liters /min). 


In view of the difficulty that may be encountered in ob- 
taining pulmonary arterial wedge pressure recordings in 
the presence of pulmonary hypertension, the pressure 
tracings of all patients were critically reviewed. Of the 15 
patients with pre- and postoperative studies, 2 had direct 
measurement of left atrial pressures preoperatively; in 7 
patients the pulmonary arterial wedge phasic tracing was 
judged good to excellent in quality, and in 6, the pulmo- 
nary arterial wedge phasic tracing was damped. In the 
~ latter patients the same mean pressure was obtained on 
multiple attempts to record an adequate phasic tracing, 
and this value was taken as the pulmonary arterial. wedge 
mean pressure. In the 15 postoperative studies, the left atri- 
al pressure was measured directly in 1 patient, the pul- 
monary arterial wedge phasic tracing was of good to excel- 
~ lent quality in 13 patients, and was damped in 1 patient. 


Results 


Clinical features: The age distribution of the 27 
patients with extreme pulmonary hypertension is 
compared in Figure 1 with patient age in the total 
number of 480 operations for predominant mitral 
stenosis performed at this institution during the 
same decade. In patients with severe pulmonary hy- 
pertension distribution is even over the fourth 
through the seventh decades, with a higher percent- 
age 60 years of age or over (30 vs. 17 percent). The 
female to male ratio in the group with pulmonary 
hypertension was almost twice that in the total oper- 
ative group (9:1 vs. 5:1). Twenty-five patients, 
from the total of 455 operations for predominant mi- 





MITRAL DISEASE 
& SEVERE PULMONARY 
HYPERTENSION 


TOTAL OPERATIONS 
R 
MITRAL STENOSIS 





0-9 10-19 20-29 30-39 40-49 50-59 60-69 


AGE 
FIGURE 1. Comparison of age distribution by decade of pa- 
tients with mitral valve disease complicated by extreme pulmo- 
nary hypertension (above) and all patients operated on-for pre- 
dominant mitral stenosis (below) from 1960 through 1969. 


tral stenosis without extreme pulmonary hyperten- 


sion, were matched for age, sex, year and type of op- _. : 


eration for comparison with the hypertensive group. 
Maintenance of normal sinus rhythm preoperatively 
was twice as prevalent among the hypertensive pa- 
tients (63 vs. 29 percent). There was no difference in 
overall duration or type of symptoms. The diagnosis 
of mitral valve disease was apparent clinically in all 
the hypertensive patients although a diastolic rum- | 
ble was heard only intermittently in 1. Right ventric- 
ular hypertrophy was present in 82 percent (22 of 27 
patients) by the electrocardiographic criteria of right 
axis deviation, and an R/S ratio greater than 1 in 
lead Vy: Cardiac X-ray series revealed that all pa- 
tients had gross enlargement of the left atrium, pul- 
monary artery and right ventricle. 

Operative and late mortality: Operative mor- 
tality, defined as death within 1 month.of surgery, 
was zero for the 6 patients with open valvotomy, zero 
for the 1 patient with aortic homograft mitral valve 
replacement and 17 percent for the 18 patients with 


Starr-Edwards mitral valve replacement. These data | - 


compare favorably with the total 1960 through 1969 
experience of 6, 4 and 15 percent operative mortality 
for the 3 techniques, respectively. Follow-up study 
averaged 4.3 years (range 2 to 11 years) and showed 
that the later mortality was zero in the 6 patients 
undergoing valvotomy (4 of whom eventually re- 
quired valve replacement), zero in the 1 patient with 
an aortic homograft, and 17 percent in the patients __ 
with a Starr-Edwards prosthesis. Of the 3 patients in = _ 


the late mortality group, 2 died of cardiovascular | : 


complications “(possibly pulmonary embolus 2 
months postoperatively), and 1 patient died of bron- 
chogenic carcinoma metastatic to the brain. 
Hemodynamic studies: Table I presents the re- 
sults of the hemodynamic studies performed in the 
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a 15 patients studied postoperatively..The average 
_ pulmonary arterial systolic pressure (Fig..2) de- 


creased from 115 mm Eg preoperatively to a post- 


oS operative value of 50 mm Hg. Mitral valve replace- 
ment resulted in a lower level of pulmonary arterial 


systolic pressure (average 43 mm Hg) postoperative- 








ly than did open valvotomy (average 60 mm Hg). 
The cardiac index (Fig. 3) rose in 11 of 14 patients 
(average 48 percent, range —12 to +80 percent), and 
returned to normal (2.5 liters/min per m?) in all but 
1 patient with normal sinus rhythm at the time of 
follow-up catheterization. In contrast, only 1 of the 8 


TABLE | 
Summary of Hemodynamic Data on 15 Patients Restudied Postoperatively 








Pressure (mm Hg) 
Age RV PA 



































(yr) Operative Months = 5 . AD a ea 
Case & Sex © Status Postop Rhythm RAM $ ED $ D M CPAWM. Choe PVR 
A. Open Valvotomy ut ae 
1 44M Pre act AF 18 103 12 101 61 74 42° 1.5 880 
Post 12 AF 5 50 4 43 23 35 24. VA 200 
2 66F Pre oe AF 18 120 12 133 45 16 34 16 1440 
Post 28 AF 6 72 6 72-32 45 20 Lede 790 
3 30F Pre NSR 4 120 6 132 71 94 oie nie Abe 
Post 69 NSR 4 45 4 45 20 30 20 e E 240 
4 48F Pre PN AF 10 101 7 103. - 38 84 40 2.4 744 
Pest 58 AF 11 66 10 68 38 50 34 VA 280 
5 51F Pre NSR 12 117 16 <15 55 78 24t 2.1 1280 
Past 27 NSR 2 75 4 O20 24 39 21+ 2.1 412 
6 33F Pra NSR 4 111 6 meas ‘49 70 28 2.8 640 
Post 1 NSR 5 71 8 72 30 46. 19 3.1 376 
Average 45 Pre aes aes 11 112 10 116 54 79 34 2,1 997. 
(Group A) Post 32 ex 5 63 6 60 28 Al 23 2.3 383. 
B. Starr-Edwards Valve Prosthesis 
7 37F Pre NSR 5 110 5 110 43 67 24 1.9 1230 
Post 19 NSR 2 26 7 33 10 19 i 3.1 135 
8 59F Pre sate AF 9 104 9 102 36 61 30 1.8 800 
Post 49 AF 8 33 7 33 16 24 15 1.6 248 
9 60F Pre s AF 14 112 12 110 33 57 34 2.2 456 
Post 32 AF 12 104 12 96 25 51 20 3.1 440 
10 42F Pre NSR 7 122 12 127 47 73 30+ 2.0 1232 
Post 34 NSR 3 40 8 37 15 23 1 3.0 152 
H 49F Pre AF 18 107 17 109 48 66 36 1.6 960 
Post 33 AF 5 31 4 27 B 19 13 2.3 136 
12* 56F Pre NSR V7 114 19 112 50 70 30 1.6 1505 
Post 3 NSR 1 49 3 49 12 25 5 2.6 432 
13 49F Pre NSR 16 140 24 140 54 90 32 2.1 1200 
Post 21 NSR 2 31 4 30 14 20 9 3.5 128 
4 74F Pre AF 15 123 4 120 52 84 31 1.2 2320 
i Post 20 AF 7 47 9 4g 25 31 23 2.3 304 
15t 30M Pre “AF 8 109 10. 104 50 63 28 1.2 1470 
Post 24 AF 2 28 2 31 14 20 11 1.9 240 
Average 51 Pre x 12 116- 4 115 46 70 31 1.7 1241 
(Group B) Post 26 ‘ 5 43 6 43 16 26 13 2.6 246 
Average 48 Pre ie wae 12 1144 12 115 49 74 33 1.9 1153 
(GroupsA Post 29 EO See 5 §1 6 50 ai 32 V7 2.5 305 
and B) : a A 








* Only patient with nonrheumatic mitral valve disease (papillary muscle infarction). 

+ Direct left atrial pressure. ae 

{ Aortic homograft. 

AF = atrial fibrillation; Cl = cardiac index (liters/min per m°) ED = end-diastolic; M = mean; NSR = normal sinus rhythm; PA = 
: pulmonary arterial; PAwM = pulmonary arterial wedge; postop = postoperatively; PVR = pulmonary vascular resistance (dynes sec 
-= .em-*); RAM = right atrial mean; RV = right ventricular; S = systolic. 





a 822 December 1972. The American Journal of CARDIOLOGY Volume 30 





“PULMONARY HYPERTENSION AFTER MITRAL VALVE 


patients with atrial fibrillation had a postoperative 
elevation of output to normal levels. The average 
‘pulmonary vascular resistance (Fig. 4) decreased 74 
percent, from 1,153 dynes sec cm preoperatively 


to 305 dynes sec cm postoperatively, with the 
greatest reduction occurring in patients with the 
highest preoperative values. The course of 1 patient 


(Case 9) with negligible hemodynamic benefit after 
valve replacement. was complicated by severe sys- 
temic hypertension and left ventricular failure. No 
acute change of pulmonary vascular resistance was 
_ noted in the 6 patients subjected to supine leg exer- 
__cise during postoperative study, despite the acute in- 


< -crease in pulmonary venous pressure with exercise 


expected after Starr-Edwards mitral valve replace- 
ment.2° The degree of hemodynamic reversibility 
was not related to age; in fact, the greatest percent 
decrease in pulmonary vascular resistance and rise in 
cardiac index were found in the oldest patient (Case 
14), 

Clinical result: The postoperative changes in 
functional classification (New York Heart Associa- 
tion) paralleled the hemodynamic improvement. 
Preoperatively, 24 patients had functional class IV 
‘disease and.3 had class IH disease. Among the 19 
late survivors, 10 had functional class I disease, 7 
class II disease, and 2 class III disease. Follow-up 
-.> electrocardiograms were available in 16 of the 19 late 
survivors, of whom 11 had shown right ventricular 
_ hypertrophy preoperatively. Electrocardiographic ev- 
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FIGURE 4. Pulmonary 
vascular resistance be- 
fore and after mitral valve 
surgery. 
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PRE-OP 


POST- OP 


FIGURE 2. Pulmonary arte- 
rial systolic pressure before 
and after mitral valve sur- 
gery. Mitral vaive replace- 
ment resulted in a greater 
reduction of pulmonary arte- 
rial pressure than did vailvot- 
omy. Horizontal bracket in- 
dicates average value. 
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FIGURE 3. Cardiac: index 
before and after mitral. valve 
surgery. Valve replacement 
resulted in a greater in- 
crease in. cardiac index. 
Normali sinus rhythm post- 
operatively. was associated 
with a normal index and atrial 
fibrillation with a low index. 


AF= ATRIAL FIBRILLATION 
NSR = NORMAL SINUS RHYTHM] 
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idence of right ventricular hypertrophy disappeared 
entirely in 8 of these 11 patients, and diminished in 
2. Heart size decreased in 10 of the 12 patients whose 
preoperative films were available for review; the av- 
erage decrease in the cardiothoracic ratio was 7 per- 
cent. There was a discrepancy between the postoper- 


ative electrocardiogram and chest roentgenogram of 


the oldest patient (Case 14); the electrocardiogram 


“showed complete regression of right ventricular hy- 


pertrophy, but the X-ray findings remained un- 
changed. 
Discussion 
The reversibility of pulmonary hypertension after 
mitral valve surgery has been:a topic of investigation — 
and: controversy for 2 decades. Although it was 


quickly appreciated that passive elevation of the 
level of pulmonary pressure could be corrected, some: © 


doubt persisted about the reversibility of pulmonary = : 


hypertension because of a marked increase in pulmo- 
nary vascular resistance. 
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ated with greater relative operative survival. 









” Pin 1953, Werko et al. 15 reported the hemodynamic 
results of closed valvotomy in 39 patients. The ayer- 


from 55 to 43 mm Hg and the pulmonary vascular 
resistance from 304 to 230 dynes sec cem” within 6 
_. weeks after operation. Three patients with preopera- 
tive pulmonary pressures greater than 100 mm Hg 
_ survived the surgical procedure: MacKinnon et al.* 
_. reported the results of mitral valvotomy in 5 patients 
_. with severe pulmonary hypertension, of whom 4 had 
< a pulmonary arterial systolic pressure of at least 99 





a mm Hg. Of the 4 survivors, 3 experienced marked — 
_ clinical improvement. A marked decrease in pulmo-. 


nary vascular resistance was confirmed by postoper- 


ative study in 2. In contrast, Donald et al.17 suggest- 









ed that a major factor in regression of pulm 
E pertension after valvotomy ‘was a postoper 
duction in cardiac output related to a 

ventilation and work of breathing. E 








- ‘monary vasculature in advanced mit 


across the lung, and that they were irreversible. On 


- hemodynamic. grounds, Likofft® also doubted that ; 
-"extreme levels of pulmonary vascular resistance in. 


mitral valve disease were reversible. -< 
In 1963, Emanuel! described the results of mitral 
= valvotomy in 76 patients with severe pulmonary hy- 
` pertension, of whom at least 67 had a pulmonary 
vascular resistance was greater than 800 dynes sec 


mary. vascular resistance. At any. Javel of elevated pulmonary vascular resistance; pressures oog than 100 mm Mad tend to 1 be assoc i 


-age pulmonary arterial systolic pressure was reduced 


believed that the pathologic alterations a the pul- : 
: stenosis were 
responsible for the abnormal reduction of pressure 


cm, Of the 50 survivors, 13 patients were reste - 
ied, but the hemodynamic data were not published. 
By ‘combining the catheterization findings with clini- 
cal assessment, Emanuel!® estimated that pulmo- 
nary hypertension regressed in 31. The lack of post- 
opetative decrease in pulmonary pressure in the re- 
maining 19 patients was attributed to inadequate 


~-yalvotomy or the production of mitral insufficiency 


in all but 2 patients. 

With the advent of mitral valve prosthesis, decom- 
pression of the left atrium became technically feasi- 
ble, despite rigid calcified leaflets and concomitant 
mitral insufficiency. Braunwald et al.1? studied the 
regression of pulmonary hypertension in 31 patients 
who were recatheterized an average of 7.7 months 
after mitral valve replacement. The average pulmo- 
nary. arterial systolic pressure at rest decreased from 


716.mm Hg preoperatively to 38 mm Hg postopera- 
tively; the greatest percent reduction of both pulmo- 
_ nary pressure and resistance occurred in patients 
with the most elevated values preoperatively. How- 

-ever, only 2 of the 31 patients had extreme pulmo- 

nary hypertension by our criterion. A subsequent re-. 
port from the same group!’ on the operative results 

of 100 patients after isolated mitral valve replace- 


ment appears to include only 3 patients with pulmo- 
nary arterial systolic pressure over 100 mm Hg. 
Dalen et al.19 measured pulmonary hemodynamic 
variables daily for up to 10 days after mitral valve 
replacement in 5 patients, 4 of whom had a pulmo- 
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nary pressure greater than 100 mm Hg. They ob- 
served a remarkably rapid decrease of pulmonary 
pressure and resistance, and an increase of cardiac 
output which they attributed in part to the low level 
of inertia of the discoid prosthesis employed. 

Despite these favorable reports, regression of ex- 
treme pulmonary hypertension after adequate mitral 
valve surgery is not uniformly accepted. One recent 
report of the long-term results after mitral valve re- 
placement concluded that a pulmonary arterial sys- 
tolic pressure in excess of 110 mm Hg was a con- 
traindication to surgery because of the high opera- 
tive mortality and poor long-term results. 21 

The present study includes the largest experience 
yet reported of the hemodynamic results of mitral 
valve surgery in patients with extreme pulmonary 
hypertension. The data support the conclusion that 
even extreme levels of pulmonary hypertension and 
increased pulmonary vascular resistance due to ac- 
quired mitral valve disease are reversible if the left 
atrium can be adequately decompressed. This uni- 
form response contrasts sharply with the experience 
in congenital heart disease, in which severe pulmo- 
nary vascular disease is often the one feature that 
precludes successful surgical repair. 22:23 

Factors favoring regression of pulmonary hy- 
pertension: Two factors appeared to influence the 
magnitude of hemodynamic improvement postopera- 
tively. Mitral valve replacement resulted in greater 
improvement than mitral valvotomy. The average 
postoperative reduction of pulmonary arterial pres- 
sure was 31 percent greater and the reduction of pul- 
monary vascular resistance was 62 percent greater in 
the group with valve replacement than in the group 
with valvotomy. The average increase in cardiac 
index was 4 times greater in the patients with valve 
replacement than in the patients with valvotomy. 
More adequate decompression of the left atrium 
‘(mean postoperative pulmonary arterial wedge pres- 
sure of 13 mm Hg after valve replacement compared 
to 23.mm Hg after valvotomy) probably explains the 
different results in the 2 procedures. Maintenance of 
normal sinus rhythm, present in approximately 50 
percent of both groups, was also a determinant of 
cardiac index. Eighty-six percent of patients with 
normal sinus rhythm at the time of postoperative 
catheterization had cardiac indexes in the normal 
range, in contrast to only 13 percent of those with 
“atrial fibrillation. 

Surgical mortality associated with pulmonary 
hypertension and increased pulmonary vascular 
resistance: The operative and late mortality in the 
present study is comparable to the overall mortality 
for mitral valvotomy and mitral valve replacement 
at this institution and in other reported series. 13:24. 
25 These data contrast with the increase in operative 
< risk reported by others: 4-fold for valvotomy1® and 
2-fold?4 to. 3-fold25 for valve replacement in patients 


“with severe pulmonary hypertension. The operations 


in the patients with hypertension were distributed 


proportionately throughout the decade, so that rela- 
tive operative mortality was not influenced by the 
progressive reduction in overall operative mortality 
noted in most centers in recent years. A relatively 
low operative mortality for mitral valve surgery in 
our patients with extreme pulmonary hypertension 
may reflect factors intrinsic to selection of the study 
group. In our patient group a pulmonary arterial 
pressure of 100 mm Hg was required for inclusion. 
Patients with equally high levels of pulmonary vas- 
cular resistance, but greater reduction of stroke vol- 
ume and cardiac output due to right ventricular de- 
compensation, may not be able to generate systemic 
levels of pressure in the pulmonary circuit. Although 
such patients may be expected to experience a great- 
er operative mortality than the patients presented in 
this report, we have not seen a difference in mortali- 
ty for operation, but the number of patients with 
this syndrome is small. 

To evaluate this hypothesis, the influence of pul- 
monary arterial pressure and pulmonary vascular re- 
sistance on surgical mortality was assessed in pa- 
tients undergoing open valvotomy and valve replace- 
ment for predominant mitral stenosis during the pe- 
riod 1960 through 1969. Figure 5 shows the surgical 
outcome in the 280 patients in whom adequate preop- 
erative hemodynamic data were available. As pre- 
viously noted, increased pulmonary vascular resis- 
tance significantly increased the chance of operative 
death (P <0.01) (multivariate analysis?6). However, 
at any level of elevated pulmonary vascular resis- 
tance, the operative mortality tended to decrease as 
the pulmonary arterial pressure increased (P >0.10). 
Of the 58 patients with a pulmonary vascular resis- 
tance greater than 600 dynes sec cm~5, the opera- 
tive mortality was 26 percent (9 of 35) among pa- 
tients with a preoperative pulmonary arterial pres- 
sure less than 100 mm Hg. For patients with a pul- 
monary arterial pressure greater than 100 mm Hg, 
the operative mortality was only 13 percent (3 of 23). 
This suggests that our use of extreme elevations of 
pressure, rather than resistance, for patient selection 
influenced the surgical outcome favorably. The data 
of Werko et al.45 also suggest that patients with ex- 
treme pulmonary hypertension due to mitral stenosis 
are relatively good operative risks. Of the 10 patients 
considered to have severe pulmonary hypertension, 
the operative mortality after valvotomy was 83 per- 
cent (5 of 6) for the patients with pulmonary arterial 
pressure less than 100 mm Hg, and 25 percent (1 of 
4) for those with a pressure greater than 100 mm Hg. 

Clinical features: Certain clinical characteristics 
previously described in patients with mitral stenosis 
complicated by pulmonary hypertension were again 


confirmed in this study. The incidence of 6 percent is “| 


similar to that of 5 to 12 percent. in other series, 417 
23,24 as is the female predominance* and the tenden- 
cy to maintain normal sinus rhythm.’ Failure to de- 
tect a difference in type or duration of symptoms be- 
tween patients in our series and control subjects 
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without severe pulmonary hypertension may reflect 
distortion of the natural history by prior valvotomy 
in both groups. 

In conclusion, this report indicates that systemic 
levels of pressure and resistance in the pulmonary 
circuit due to mitral valve disease regress dramati- 
cally if surgery adequately decompresses the left atri- 
um. Of the 15 patients restudied, average pulmo- 
nary arterial systolic pressure decreased from 115 
preoperatively to 50 mm Hg postoperatively, pulmo- 
nary vascular resistance decreased from 1,153 to 305 
dynes sec cm~5 and cardiac index rose from 1.9 to 
2.5 liters/min per m*. The degree of hemodynamic 





improvement was influenced by the level of left atri- 
al pressure and maintenance of normal sinus 
rhythm postoperatively. The operative mortality was 
relatively low and similar to the overall operative 
mortality for predominant mitral stenosis. At any 
given level of elevated pulmonary vascular. resis- 
tance, operative mortality tended to decrease as the 
preoperative pulmonary arterial pressure increased. 
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In patients with unilateral renal arterial stenosis no distinction could 
be made between atherosclerotic or fibrous lesions of the main renal _ 
artery on the basis of the presence or severity of intrarenal arteriolar 


sclerosis. The results of bilateral renal biopsies performed at the ee 


time of operation support the concept of the “protected kidney,” in 


which the prevalence and severity of arteriolar sclerosis is greater in. 


the kidney contralateral to the renal arterial stenosis. The presence _ 
or absence of arteriolar sclerosis as determined from bilateral renal 
biopsies was not sufficiently accurate as a prognostic index to justity 
the hazards of this procedure for patients being considered for surgi- . 
cal treatment of occlusive renal artery disease. 


Occlusive disease of the renal ‘arteries is the most common. cause of ae i 


reversible hypertension. Diagnosis of renal arterial stenosis is estab- 
lished by renal angiography; however, the procedure does not permit’ 
prediction of the reversibility of hypertension after nephrectomy or a 


revascularization procedure. Several tests have been used to help _ 


predict the success or failure of surgical correction of renal arterial 
stenosis in alleviating hypertension.+-3 The value of evidence of hya- 
line arteriolar sclerosis found by renal biopsy in predicting the re- 
sults of surgery has been the subject of dispute. Vertes et al.4 advo- 
cated performance of a bilateral renal biopsy before proceeding with 
operations to revascularize or remove kidneys because, they contend- 
ed, the presence of arteriolar sclerosis of the kidneys precluded a 
good response to operation. They reported comparable degrees of ar- 
teriolar sclerosis in kidneys supplied by normal as well as stenotic 
renal arteries. In contrast, Barajas et al.,5 Laforet® and Bauer and 
Forbes? noted a lesser degree of hyaline involvement in the ipsilater- 
al kidney. In the present study, we report the results of a retrospec- ` 
tive analysis of 33 patients with unilateral renal arterial stenosis and 
hypertension. The relation of renal arteriolar sclerosis to the opera- 
tive result is assessed. 


Materials and Methods 


The case histories of 33 patients with unilateral renal arterial stenosis 
were reviewed. In all patients, bilateral renal biopsies were performed at 
the time of nephrectomy or revascularization. In all cases the preserice of a 


stenotic lesion of the renal artery was established by renal angiography pere 


formed by the Seldinger technique of percutaneous retrograde catheteriza- 
tion by way of the femoral artery. 
The degree of occlusion was estimated from angiograms as follows: mini- 


mal narrowing, less than 25 percent; mild narrowing, 25 to 50 percent; ©” 


moderate narrowing, 51 to 75 percent; severe narrowing, greater than 75 
percent; and complete occlusion. Small biopsies, usually needle, were ob- 
tained at the time of operation from the contralateral (nonstenotic) as well 
as the ipsilateral (stenotic) kidney. Specimens for light microscopy were 
fixed in Zenker’s solution, dehydrated and embedded in paraffin. Sections, 
3u thick, were stained with hematoxylin and eosin and periodic acid-Schiff 
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FIGURE 1. Hyaline arteriolar sclerosis, grade |! (periodic 
acid-Schiff X 400, reduced by 28 percent). 


stain for histologic evaluation by one of us (L.M.) who 
was unaware of the clinical case histories. 

Histologic grading of arteriolar sclerosis was as follows: 
grade 0, normal: no significant changes; grade 1, minimal: 
muscular hyperplasia only; grade 2, mild: less than 1/3 
narrowing of the arteriolar lumen by hyaline involvement 
(Fig. 1); grade 3, moderate: 1/3 to 2/3 narrowing of the 
arteriolar lumen by hyaline involvement (Fig. 2); grade 4, 
severe: greater than 2/3 narrowing of the arteriolar lumen 
by hyaline involvement (Fig. 3). The presence of ischemic 
changes as demonstrated by interstitial scarring and tu- 
bular atrophy and the association of these changes with 
focal infarction were noted. These ischemic changes were 
not graded for severity because of the small size of the bi- 
opsy specimens. 

Sections from the renal arterial lesions were available in 
all cases and were classified histologically according to the 
presence of atherosclerotic or fibrous disease. Sections 
with fibrous lesions were further classified as previously 
described® according to the following subgroups: intimal 
fibroplasia, medial fibroplasia with aneurysms, medial 
hyperplasia or perimedial fibroplasia. 

Bilateral renal venous renin assays were obtained in 10 
patients. The renal venous renin activity was determined 
by the method of Pickens et al.® Most patients were not 
receiving a low sodium diet before renal venous catheteri- 
zations. 

The pressure gradient across the area of renal arterial 
stenosis was obtained in 19 patients by direct measure- 
ment of pressures in the aorta and in the renal artery dis- 
tal to the stenotic area. Pressures were measured in all in- 
stances at the time of corrective surgery. 

The success of operation was graded according to the 
following criteria: 

Excellent: blood pressure “normal” without medica- 
tion, according to these limits: 


Age (yr) Upper Limit of Normal 
<30 130/90 

31 to 50 140/95 
>50 160/100 


Good: diastolic within limits described; systolic above 
limits, without medication. 

Fair: diastolic blood pressure at least 20 mm Hg less 
than preoperative levels, without medication, but not 
within normal limits; or diastolic blood pressure within 
normal limits with smaller doses of medication than re- 
quired preoperatively; or smaller doses of medication than 





FIGURE 2. Hyaline arteriolar sclerosis, grade III (periodic 
acid-Schiff X 400, reduced by 28 percent). 


required preoperatively, although blood pressure not with- 
in normal limits. 

Poor: no response; same doses of medication as re- 
quired preoperatively. 

Other forms of secondary hypertension were ruled out 
by appropriate clinical tests. 

All patients but 2 were followed up for at least 12 
months after operation. One patient died of severe hyper- 
tension and bronchopneumonia 8 months after operation. 
A second patient died of unknown causes 8 months after 
operation. He, too, had responded poorly to the surgical 
procedure. 


Results 


Atherosclerotic lesion vs. fibrous disease of 
main renal artery: Of the 33 patients 17 had 
atherosclerotic lesions and 16 had fibrous disease of 
the main renal artery (Table I). The average age of 
17 patients with atherosclerotic lesions was 49.3 
years (range 34 to 63 years), and the group com- 
prised 9 women and 8 men. The average duration of 
hypertension before operation in patients with 
atherosclerotic lesions was 28.5 months (range 2 
months to 10 years). Of 16 patients with fibrous dis- 
ease of the main renal artery, the average age was 
29.3 years (range 9 to 42 years); 14 were female, and 
the average duration of hypertension before opera- 
tion was 23 months (range 1 month to 10 years). 

A more favorable response to surgical correction 
was seen in patients with fibrous disease. Twelve pa- 
tients with fibrous disease had complete relief from 
diastolic hypertension, having had an excellent or 
good response to surgical correction; in 4, the re- 
sponse was considered fair or poor. Eight patients 
with atherosclerotic lesions had complete relief from 
diastolic hypertension; 9 had only a fair or poor re- 
sponse. For the purpose of discussion, patients with 
a fair or poor response are considered to have had no 
relief from diastolic hypertension, in contrast to the 
patients with an excellent or good response, who are 
considered to have had complete relief from diastolic 
hypertension. 

Renal findings: Arteriolar sclerosis was noted in 
the contralateral kidney in 18 instances, in 9 of 20 
patients who had relief from diastolic hypertension 
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FIGURE 3. Hyaline arteriolar sclerosis, grade IV (periodic 
acid-Schiff X 400, reduced by 28 percent). 


TABLE | 
Data in 33 Patients 


and 9 of 13 who failed to respond to surgical correc- 
tion (Table II). Arteriolar sclerosis was moderate to 
severe in 4 of the former and in 3 of the latter group 
of patients. The ipsilateral kidney showed minimal 
to moderate changes of arteriolar sclerosis in only 5 
patients, and no patient had severe involvement; in 
4 of these 5 patients, atherosclerosis was the basic 
disorder in the renatartery- In 3, the ipsitlateral-kid- 
ney was, in fact, less involved. No distinction could 
be made between atherosclerotic or fibrous lesions of 
the main renal artery on the basis of the presence or 
severity of intrarenal arteriolar sclerosis. 

The degree of stenosis observed radiographically 
ranged from moderate (25 to 50 percent narrowing) 
to complete occlusion. In 15 of 20 patients who ob- 

















Preoperative : : 
Duration of Renal Radiographic Pressure pease i 
Case Age (yr) Hypertension Follow-Up Arterial Degree of Stenosis Gradient PR nik 
no. & Sex (mo) (mo) Lesion (%) (mm Hg) | Cc Operation 
A. Complete Relief from Diastolic Hypertension 

1 52F 3 16 AS 51-75 aas 0 2 R 

2 39F 2 53 AS 51-75 50 0 3 R 

3 49M 60 40 AS 75 0 0 R 

4 54F 120 31 AS 75 oe 0 0 R 

5 48M 10 67 AS 75 130 a 2 R 

6 57F 4 34 AS 75 0 0 R 

7 51M 7: 15 AS 75 0 0 R 

8 50F 7 19 AS 75 PF 0 0 R 

9 28F 3 17 PF 75 100 0 0 R 
10 28F 24 22 PF 51-75 115 0 2 R 
11 26M 37 37 MF 75 150 0 4 R 
12 42F 22 24 MF 75 51-60 0 0 R 
13 9F 5 13 PF Occluded 0 2 N 
14 12F 2 32 MF 75 PRE 0 0 R 
15 30F 3 12 PF 75 60-70 0 0 R 
16 37F 60 24 MF 75 50 1 3 R 
17 NF 12 30 PF 75 95 0 1 R 
18 40F 1 36 MF 75 100 0 0 R 
19 34F 8 30 FM 75 100 0 4 N 
20 12M 3 15 PF Occluded 0 0 N 

B. No Relief from Diastolic Hypertension 
21 53F 2 12 AS 75 100 0 0 R 
22 45F 14 8 AS 75 115 2 2 R 
23 46M 6 80 AS 51-75 120 0 0 R 
24 47M 24 8 AS 25-50 $ 3 R 
25 52F 52 48 AS 75 wee 0 3 N 
26 34M 48 17 AS 75 21-31 0 2 R 
27 57M 7 64 AS 75 we 0 2 R 
28 42F 60 13 AS 51-75 40 0 0 N 
29 63M 60 37 AS 25-30 voe 3 0 R 
30 29F 48 49 PF 75 100 0 3 R 
31 38F 8 34 MF 25-50 Spas 0 2 N 
32 31F 12 13 PF 75 95 0 1 R 
33 42F 120 19 IF 25-50 70 0 2 R 
AS = atherosclerosis; C = contralateral; FM = fibromuscular; | = ipsilateral; IF = intimal fibroplasia; MF = medial fibroplasia; N = 


nephrectomy; PF = perimedial fibroplasia; R = revascularization. 
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TABLE lI 


Degree of Arteriolar Sclerosis and Surgical Response of 
Diastolic Hypertension 





Arteriolar Sclerosis (grade) 











0 1 2 3 4 
Complete relief 
l 18 2 0 0 0 
C 11 1 4 2 2. 
No relief 
| 10 1 1 1 0 
C 4 1 5 3 0 





C = contralateral kidney; ! = ipsilateral kidney. 


tained relief from diastolic hypertension, the degree 
of narrowing was greater than 75 percent; 2 addi- 
tional patients had complete occlusion. Seven of 13 
patients who did not benefit from surgical correction 
had severe narrowing greater than 75 percent, and 
none had complete occlusion of the arterial lumen. 
Renal venous renin determinations were available 
in 10 patients (Table HI). In 5 of 7 patients who had 
complete relief from diastolic hypertension after op- 


< eration, the ratio of renal venous renin activity of the 


ipsilateral kidney to that of the contralateral kidney 
was 1.5 or greater. Three patients with a fair or poor 
response to operation had a renal venous renin ratio 
of less than 1.5. 

Ischemic tubular atrophy without infarction was 
noted in the ipsilateral kidney of 10 of 20 patients 
who had complete relief from diastolic hypertension, 
whereas these changes were present in the contralat- 
eral kidney of only 1 patient in this group. Ischemic 
tubular atrophy without infarction was also noted in 
the ipsilateral kidney ef 9 of 13 patients who did not 
derive benefit from operation. These changes, which 


TABLE ili 
Renal Venous Renin Assays 





Renal Venous Renin Assays 




















Case n 
no. l C 1/C Ratio 
A. Complete Relief of Diastolic Hypertension 
1 60.0 14.5 4.1 
7 5.6 i 3.7 1.5 
8 6.4 3.0 2.1 
12 4.3 5.0 0.9 
13 28.7 4.5 6.4 
15 39.2 33.5 1.2 
20 51.0 31.6 1.6 
B. No Relief from Diastolic Hypertension 
26 3.5 2.9 1.2 
28 8.8 8.5 1.0 
33 5.0 5.2 1.0 
C = contralateral kidney; | == ipsilateral kidney. 





were not graded for severity, were also present in the 
contralateral kidney of 3 patients in this group. 

Pressure gradients across the area of stenosis of 
the renal artery were measured in 19 patients at the 
time of operation. The gradient exceeded 50 mm Hg 
in all 11 patients who had an excellent or good re- 
sponse after operation. However, the gradients also 
exceeded 50 mm Hg in 6 of 8 patients who did not 
derive benefit from the surgical procedure. 


Discussion 


The average age of patients with atherosclerotic 
lesions who had complete relief from diastolic hyper- 
tension (50 years) differed little from that of patients 
with atherosclerotic lesions who failed to respond to 
surgical correction (48.7 years). Sixteen of 20 pa- 
tients with an excellent or good result but only 7 of 
13 patients with a fair or poor response had had hy- 
pertension for less than 2 years before operation. Al- 
though the average age of patients with fibrous dis- 


ease who had an excellent or good response after op- 


eration was somewhat less (27.4 years) than that of 
patients who had a poor response (35 years), the dif- 
ference may be attributed to the inclusion of 3 chil- 
dren in the former group. The younger average age of 
all patients with fibrous disease is not surprising, 
having been noted in prior reports. The better over- 
all response of patients with fibrous disease has also 
been recognized by others. In our study, 75 percent. 
of patients with fibrous disease of the renal artery — 
had complete relief from diastolic hypertension, 
whereas only 47 percent of patients with atheroscle- 

rotic lesions derived similar benefit. The type of oper- 
ation performed had little bearing on the outcome in 

either group of patients. Revascularization was at- 

tempted in all instances, and nephrectomy was per- 

formed only when revascularization was technically 

unsuccessful or deemed not feasible. 

Prognostic value of changes in ipsilateral vs. 
contralateral kidneys: The greater degree of arteri- 
olar sclerosis in the contralateral kidneys suggests 
that the renal arterial stenosis had a protective effect 
upon the small vessels. When arteriolar sclerosis was 
present in the ipsilateral kidney, both patients who 
had relief from diastolic hypertension (Cases 5 and 
16) had a more severe degree of hyaline changes in 
the contralateral kidneys. Similar findings were 
noted in 1 of the 3 patients (Case 24) who did not 
get relief from diastolic hypertension. In 1 (Case 22), 
a comparable degree of hyaline arteriolar sclerosis 
was noted in the ipsilateral kidney; in another (Case 
29), arteriolar sclerosis of moderate severity was 
noted in the ipsilateral kidney although changes . 
were negligible in the contralateral kidney. We have 
no good explanation for this single observation which 
is at odds with findings in other cases. The occur- 
rence and severity of hyaline arteriolar sclerosis in 
the contralateral kidney was comparable whether or 
not patients derived benefit from operation, thus ne- 
gating this finding as a prognostic guide for surgical 
treatment of occlusive renal artery disease. 
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Our findings are in agreement with those reported 
by Barajas and colleagues,5 who also noted that the 
magnitude of hyaline deposits in the arterioles of the 
ipsilateral “ischemic” kidney was less than that in 
the contralateral “nonischemic” kidney. They, too, 
concluded that the findings of hyaline arteriolar scle- 
-rosis did not correlate with the outcome of repair of 
the stenotic renal artery and, therefore, had no prog- 
nostic significance. In reports of selected cases of 
malignant hypertension associated with unilateral 


renal arterial stenosis, Bauer and Forbes’ and, later, 
_ Laforet® demonstrated a protective effect of the 
- Stenotic main renal arterial lesion on the small ves- 


~ sels of the ischemic kidneys. 

In contrast to these findings, Vertes and col- 
leagues, * reporting on a group of 7 patients, conclud- 
ed that arteriolar sclerosis was not more severe in the 
contralateral kidney than in the kidney with the 


stenotic renal arterial lesion. Individual renal func- 


tion studies performed before operation failed to con- 
firm a functional abnormality in 5 of their patients. 

-o Barajas and colleagues® noted an inverse correla- 
tion between the degree of ischemic tubular atrophy 
and interstitial scarring of the ipsilateral kidney and 
-the results of surgical revascularization, and con- 
cluded that severe tubular atrophy and interstitial 
‘scarring precluded a favorable response from surgical 


¿v Tevascularization of the ischemic kidney. Ischemic 


changes without infarction in the ipsilateral kidney 
ere frequently noted in our series. However, there 


< Was no apparent correlation between the presence of 


ischemic changes, the type of operation performed 
and the results of operation. Although the presence 
of ischemic atrophy without infarction did not pre- 
_ clude a good response to operation, it is possible that 
- nephrectomy rather than revascularization might 


ae have improved results in 6 patients with ischemic 






atrophy in the ipsilateral kidney who did not benefit 
_ from the procedure. Three of these patients had a 
significant pressure gradient across the area of steno- 


sis. However, we have avoided nephrectomy, prefer- 


fing to preserve functioning renal tissue whenever 
possible. 
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The limited amount of tissue available from both 
kidneys by the technique employed was insufficient 
for assessment of either the juxtaglomerular appara- 
tus or the degree of ischemic changes present. In the | 
design of the study we were primarily interested in 
determining the prognostic value of bilateral needle 
biopsy in evaluation of the hypertensive problem. 
Results clearly demonstrated the absence of any use- 
ful correlation. Because of the risk involved, we did _ 
not consider it desirable to obtain additional speci- 
mens of the size necessary to assess adequately. all. 
possible morphologic changes. 

Prognostic value of renal venous renin assays: 
Although bilateral renal venous renin assays were 
available in only 10 patients, an excellent correlation | 
was noted with the results of surgical treatment. As- 
we have previously reported,’ a renal venous renin 
ratio of greater than 1.5 when the ipsilateral kidney 
is compared to the contralateral kidney appears to 
correlate well with a favorable response to operation. 
Thus, the renal venous renin assays were predictive 
of the surgical result in 8 of the 10 patients in whom 
assays had been performed. Patients in this study 
were not prepared with salt-restricted diets or di- 
uretic agents before performance of the renal venous 
renin assays. It is possible that the correlation might, 
have been even better if all patients had been given 
a restricted salt diet plus an oral diuretic agent for — 
several days before renal venous catheterization. : 

Prognostic value of renal arterial pressure gra- 
dients: We were surprised by the relatively poor 
correlation of pressure gradient to surgical response. 
It had been our impression that a gradient of 50 mm © 
Hg or greater provided an excellent index of hemo- 
dynamically significant renal arterial stenosis. In our 
study, the pressure gradient was predictive of the 
surgical response in only 13 of 19 patients. The mea- 
surements were all made directly at the time of oper- 
ation and did not represent measurements made 
preoperatively by means of a catheter in the stenotic 
renal artery. The use of a catheter is not a reliable 
method of measurement because of artefacts pro- 
duced by the catheter. 
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To assess the effect of beta blockade and membrane stabilization on 
the outcome of acute coronary artery occlusion, anesthetized dogs 
were prepared with a ligature at the origin of the circumflex branch 
of the left coronary artery under direct vision: The dogs were allowed 
48 to 72 hours to recover. A total of 154 dogs randomly allocated to 
8 treatment groups were given intravenous injections of saline solu- 


‘tion, doses of blocking agents found to block isoproterenol-induced 


tachycardia by 50 or 100 percent (or both) in the study dogs, or 
equivalent membrane-stabilizing doses of d-propranolol. Of these, 
141 dogs met strict criteria for proper ligation. The 2 hour mortality 
rates were as follows: 72 percent of 25 dogs given 2 to 3 ml of sa- 
line solution, 24 percent of 25 dogs given 0.1 mg/kg and 70 percent 

of 10 given 1, mg/kg of di-propranolol (Inderal*); 28 percent of 25 
dogs given 0. 2 mg/kg and 17 percent of 12 given 3.2 mg/kg of MJ- 
1999 (Sotalol*); 69 percent of 16 dogs given 0. mg/kg of doo 
propranolol; 17 percent of 12 dogs given 0.07 mg /kg of d-propra : 
ol + 0.2 mg/kg of Sotalol; and 31 percent of 16 dogs given m 
mg/kg of AY-21,011 (Practolol®). All but 6 deaths were due to 
tricular fibrillation. The larger dose of di-propranolol 
with more conduction defects, cardiac standstill and greate 
ty than the smaller dose. Thus, significant protec on (P <0.001) 
was conferred by the smaller dose of di-propranolol, both doses of 
Sotalol, the mixture of d-propranolol and Sotalol, and Practolol. Simi- 
lar patterns were seen with 24 hour mortality rates. The study shows 
that protection is due mainly to the beta receptor blocking rather 
than the membrane-stabilizing actions of these agents. 
















It has been estimated that of more than 600,000 patients who dié of 
coronary artery disease each year in North America approximately 
70 percent never reach a hospital. There is strong evidence that the 
mechanism of death in these patients is ventricular fibrillation.?.3 _ 
The sudden deaths occurring after acute ligation of coronary arteries 
in conscious dogs observed in the early experiments of Manning et 
al.4 were also due to ventricular fibrillation. They found that general 
anesthesia significantly reduced the incidence of ventricular fibrilla 
tion. Surgical cardiac. sympathectomy>:§ and various chemicalls 
duced interruptions of the sympathetic nervous system *? have since — 
been reported to provide protection against voniricmar fibrillation E 
and death in similar preparations. o o 
Increased catecholamine concentrations have been found” S he 
urine of many patients soon after myocardial infarction,!° and the 
levels have been correlated with clinical severity and ventricular ar- 
rhythmias.!? Plasma catecholamine concentrations after myocardial 
infarction and after exercise in patients with angina pectoris: are 

















“greater than those in normal people. +? The onset of ventricular ar- 


rhythmias after coronary occlusion in anesthetized open chest. dogs 
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has been shown to follow release of epinephrine or 
norepinephrine, or both, into the circulation from 
c the adrenal medulla. 13-14 Sympathetic nerves to the 
heart and the catecholamines thus appear to be im- 
portant in the genesis of ventricular arrhythmia after 
coronary occlusion. It is thought that the ischemic 
cells act as hyperactive foci and that this enhanced 
automaticity of pacemaker cells is further accentuat- 
ed by the catecholamines. +5 
Despite the apparent lack of success in the routine 
use of propranolol in hospitalized patients after myo- 
cardial infarction has occurred, 16-719 it seemed logi- 
“eal, in light of the animal studies cited, to investi- 
gate the protective effect of such agents adminis- 
‘tered immediately before occlusion. Our study was 
undertaken to define the relative roles played by 
beta adrenergic blockade and by the membrane-sta- 
bilizing effects?° of these substances on the outcome 
of acute coronary ligation in conscious dogs. 


Methods and Materials 


Determination of dose-response curves for bleckade 
of isoproterenol-induced tachycardia: Healthy mongrel 
dogs (5 to 18 kg) were gently restrained on an operating 
` table in an air-conditioned room at constant temperature 
{23 + 1 C}. Under local anesthesia (2 percent lidocaine) a 
polyethylene catheter was placed in a limb vein, All drugs 
were administered through this catheter and were washed 
in with normal saline solution. Heart rates were recorded 
electrocardiographically. After the heart rate had become 
stable, the dog was given 2 injections of 1.5 ug/kg of 
isoproterenol, 15 to 20 minutes apart, and the average 
percent change was calculated. 

dl-Propranolol (Inderal) or MJ-1999 (Sotalol®) was 
then administered and the isoproterenol injection repeat- 
-ed.5 minutes later and every 10 minutes thereafter for 50 
or 60 minutes. Only 1 dose of blocking agent was given on 
any experimental day. In all, 23 experiments were per- 
formed in 10 dogs with di-propranolol in doses ranging 
from 0.05 to 1.0 mg/kg. Fifteen similar experiments were 

. performed in 8 dogs with Sotalol in doses of 0.1 to 2.4 


mg/kg. Curves relating the doses of the drugs and their 


effects on blocking the isoproterenol-induced tachycardia 

“were plotted. The dose that blocked the tachycardia by 50 
percent (the EDs dose) and that which blocked tachycardia 
in 100 percent were determined for each compound by sub- 
stitution in the regression equations of these dose-response 
curves, 

A similar procedure was employed to determine the 
EDso of AY-21,011 (Practolol®), but the dogs were given 
atropine (0.2 mg/kg intravenously) 10 minutes before. 
(Isoproterenol induces tachycardia directly by stimulating 
the sinoatrial node and reflexly by the withdrawal of vagal 
tone subsequent to peripheral vasodilatation. The reason 
for using atropine in this series is that di-propranelol and 
Sotalol block both the direct chronotropic and the vasodi- 
lating actions of isoproterenol, whereas Practolol is cardio- 
selective; it does not block the vasodilatation.)?122 Nine 
experiments were performed in 5 dogs with Practolol in 
doses of 0.4 to 6.4 mg/kg. 

Production of coronary oeclusion in conscious dogs: 

Experimental coronary occlusion was produced in adult 
mongrel dogs (5 to 18 kg) in 2 eee 4 The dog was 
anesthetized with pentobarbital, 25 to 30 mg/kg intra- 
“-venously, and intubated and ventilated with room air by 
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means of a Harvard respirator. With aseptic precautions 
the chest was opened through the fourth or fifth intercos- 
tal space and the pericardium was incised along a line an- 
terior and parallel to the left phrenic nerve. A No. 4 silk 
ligature was placed around the most proximal part of the 
left circumflex coronary artery by using a hollow curved 
needle mounted on a probe handle. A loose knot was 
made around the artery leaving the vessel unoccluded, 
and the ends of the ligature were threaded through the 
pericardium and 2 separate stab wounds beyond the ends ` 
of the skin incision. These 2 exit points were placed se 
that they would lie in a straight line with the origin of the 
circumflex artery. The lungs were expanded, and thè- 
chest was closed in layers. 
Forty-eight to 72 hours later the dogs were gently re: 

strained on an operating table, and the’right femoral ar- 


tery and vein were cannulated, with the use of 2 percent. . o 


lidocaine infiltration. Direct arterial blood pressure was 

recorded using a Statham P23Db transducer and a direct- 

writer Sanborn recorder. All drugs were administered 

through the venous catheter and immediately flushed in 

with normal saline solution, The electrocardiogram (lead 

II) was obtained from fine subcutaneous needle electrodes. 

It was also recorded on a Sony magnetic tape recorder for 

later detailed analysis of arrhythmias. After the electro- 

cardiogram and blood pressure of the calm, conscious ani- 

mals had been recorded, the dogs were assigned randomly 

to 8 treatment groups and were given intravenous. injec-: 
tions of either 2 to 3 ml of normal saline solution or the 

appropriate amount of the assigned drug. Five minutes. 
after administration of the saline solution or drug, the 
exteriorized ends of the ligature were pulled uniformly to 

occlude the circumflex branch totally. The electrocardio-: 
gram and arterial pressure were recorded continuously, — 
and the dog was observed for 2 hours or until death. 

If the animal died during the 2 hour observation period, 
an autopsy was performed immediately to determine the 
exact location of the ligature and the adequacy of ligation. 
The heart and its attached great blood vessels were re- 
moved. The circumflex branch was dissected out for a 
length of about 1.5 cm beyond the occlusion and divided 
at the distal end of the mobilized portion. A syringe, firm- 
ly secured in the ascending aorta, was used to direct water 
against the aortic valve and thus inject the coronary arte- 
ries. The cut end of the circumflex branch was observed 
for leakage. The circumflex branch proximal to the liga- 
ture was then dissected toward the main coronary artery, 
and the distance of the ligature from the origin of the cir- 
cumflex branch was measured. Observation also deter- 
mined whether any branch of the circumflex artery had 
escaped ligation. 

If the dog sutvived the 2 hour observation period, it was 
returned to its cage after removal of the catheters and. elo- 
sure of the skin incision. No restriction was imposed on its 
activity or feeding. If the dog died during the first 24 
hours, the adequacy and location of coronary ligation were 
checked as described. The presence or absence of gross 
myocardial infarction was noted. 

Animals surviving 24 hours after coronary occlusion 
were brought back to the operating room, and an electro- 
cardiogram was recorded to obtain evidence for definite 
myocardial infarction. The dog was then sacrificed by. 
means of intravenous injection of pentobarbital; the heart 
was removed and examined for the adequacy and location 
of ligation as described. 

Criteria for acceptance into the study: Only dogs in 
which the ‘ligature was proved to be proximal to any 
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FIGURE 1. Dose-response curves for d/-propranolol, MJ-1999 


`. {Sotalol} and AY-21,011 (Practolol). Abscissa, dose in mg/kg in 
“tog scale; ordinate, percent block of isoproterenol-induced 

tachycardia. For the regression equations, X = log dose and Y 
= = mean percent block. S.E.E. = standard error of the estimate. 





‘branch of the left circumflex artery and in which there 
was no leakage through the ligated artery were included in 
the mortality figures. Of a total of 154 experiments, 141 
dogs fulfilled the criteria of acceptance and were allocated 
to the following groups (all doses are expressed in terms of 
the salt used): 

Group 1, normal saline solution, 2 to 3 ml, control (25 

dogs). 

Group 2, di-propranolol (Inderal*), 0.1 mg /kg (25 dogs). 

Group 3, dl-propranolol, 1.0 mg /kg (10 dogs). 

Group 4, MJ-1999 (Sotalol t}, 0.2 mg/kg (25 dogs). 

Group 5, MJ-1999, 3.2 mg/kg (12 dogs). 

Group 6, d-propranolol*, (0.07 mg/kg (16 dogs). 

Group 7, d-propranolol, 0.07 mg/kg + MJ-1999, 0.2 mg/ 

kg (12 dogs). 

Group 8, AY-21,011 (Practolol*), 1.4 mg/kg (16 dogs). 

The chi-square method was used to test the significance 
of the: difference between the mortality rates in the vari- 
ous experimental groups. The difference was considered 
significant only when the P-values were less than 0.05. 


Results 


The regression equations for these compounds and 
the dose-response curves derived from the equations 
are shown in Figure 1. The calculated EDso0 and 
EDioo0 doses for dl-propranolol were 0.1 mg and 1.0 
mg/kg, respectively; the corresponding doses for So- 


* Ayerst Laboratories. 
+ Mead Johnson & Company. 





talol were 0.2 and 3.2 mg/kg. For Practolol only the 
calculated EDso dose of 1.4 mg/kg was used in our 
investigation. The dose of d-propranolol (0.07 mg/kg) 
used in our study has been shown to have.the same 
are on membranes as the EDso dose of di-propranol- 
ol. 

The 2- and 24-hour mortality rates after sudden 
coronary occlusion in the 8 experimental groups are 
summarized in Table I. The. mortality rates in 
Groups 2, 4, 5, 6 and 8 is significantly lower than 
that of the control group, whereas the mortality rate 
in Groups 3 and 6 is not. Thus, there appear to be 2 
distinct categories—1 with a high mortality rate 
(Groups 1, 3 and 6) and 1 with a low mortality rate 
(Groups 2, 4, 5, 7, and 8). The differences in mortali- 
ty rate among the various groups in each of these 2 
categories is not statistically significant. The 24 hour 
mortality rates showed similar patterns. Although 
the time of death and its mechanism were known in 
the 2 hour mortality group, the deaths occurring be- 
tween 2 and 24 hours were unobserved and the 
mechanism is not known. 

Group 1 (control group): Eighteen of 25 dogs (72 
percent) in the control group died between 45 sec- 
onds and 14 minutes after coronary occlusion; only 2 
dogs died later than 5.25 minutes after occlusion. 
Ventricular fibrillation was the cause of early death 
in every animal in this group and was usually pre- 
ceded by frequent ventricular ectopic beats followed .. 
by ventricular tachycardia. Three additional animals 
in this group died between 2 and 24 hours after coro- 
nary occlusion. 

Group 2 (dl-propranolol, 0.1 mg/kg): Only 6 of — 
25 dogs (24 percent) in this group died during the 2 


TABLE | 


Mortality Rate After Sudden Occlusion of the Circumflex 
Branch of the Left Coronary Artery in Conscious Dogs 

















2 Hour 24 Hour 
Mortality Mortality 
Dogs wae : 
Group (no) no % no % —PValue* 
1. Control 2 18 72 21° 84 
2. di-Propranotal, 
0.1 mg/kg 25 6 24 7 28 <0.001 
3. di-Propranolol, 
1.0 mg/kg 10 7 70 8 80 >0.750 
4, Sotalol, 0.2 mg/kg 25 7 2 10. 40 <0,005 
5. Sotalol, 3.2 mg/kg 12 2 16.7 2 16.7 <0.005 
6. d-Propranolol, 
0.07 mg/kg 16 Jl 68.8 11 68.8  >0.750 
7. Sotalol, 0.2. mg/kg, 
+d-propranolol, f 
0.07 mg/kg 12 2 15.7. 216.7. <0.:005 
8. Practolol, 1.4 mg/kg 16 5 31.3 6 37.5- <0.025 





*P value indicates. significanċe of the difference between 
control and treatment groups. The difference in the mortality 
rates between the various groups is highly significant (P <0.001 
by the overall chi-square test). 
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a 0.07 mg/kg): 
this: group died soon after coronary occlusion. Both 
_ deaths were due to ventricular fibrillation and oc- 


hour observation period. Five of these deaths took 
place within the first 5 minutes of the coronary oc- 
„clusion, which ended in ventricular fibrillation. The 
_ sixth death in this group occurred 100 minutes after 
 oeclusion, the dog showing complete atrioventricular 
block 55 minutes after occlusion. It died in a state of 
cardiac standstill after sustaining several episodes of 
Stokes-Adams attacks. One additional dog died be- 
tween 2 and 24 hours after occlusion. 
> Group 3 (dl-propranolol, 1.0 mg/kg): There 
were 7 early deaths (70 percent) among 10 animals 
in this group; 4 deaths due to ventricular fibrillation 
+ occurred between 12 and 16 minutes after coronary 
occlusion. Three of the remaining early deaths were 
due to cardiac standstill occurring between 2 min- 
utes, 18 seconds and 16 minutes after occlusion. One 
death occurred between 2 and 24 hours after occlu- 
sion. 

‘Group 4 (Sotalol, 0.2 mg/kg): Seven of 25 dogs 
(28 percent) of this group died between 30 seconds 
and 5 minutes, 20 seconds after coronary occlusion. 
«Ventricular fibrillation was the mechanism of death 

‘in. all 7. Three more dogs died between 2 and 24 
hours after occlusion. 

Group 5 (Sotalol, 3.2 mg/kg): There were only 2 
early deaths (16.7 percent) in the 12 animals of this 
group. The deaths occurred 1 minute, 48 seconds 
--and 20 minutes, respectively, after coronary occlu- 
. sion. The mechanism of death in each case was ven- 

tricular fibrillation. 

-iu Group 6 (d-propranolol, 0.07 mg/kg): Eleven of 

16 dogs (68.8 percent) in this group died between 40 
“seconds and 10 minutes, 30 seconds after coronary 
occlusion; all deaths were due to ventricular fibrilla- 


zition. 


Group 7 (Sotalol, 0.2 mg/kg + d-propranolol, 
Only 2 of 12 dogs (16.7 percent) of 


curred at 50 and 61 seconds, respectively, after oc- 
_ clusion. 

-Group 8 (Practolol, 1.4. mg/kg): Five of 16 dogs 
(31.3 percent) of this group died between 1 minute, 
12 seconds and 14 minutes after coronary occlusion. 
Three of the early deaths were due to ventricular fi- 
~ brillation, the remaining 2 being due to cardiac 
< standstill (1 minute, 32 seconds and 3 minutes, 10 
seconds, respectively, after occlusion). One addition- 


< al death occurred between 2 and 24 hours after oc- 


clusion. 
Heart block: No dog in Groups 1, 4, 6 and 7 had 
-< atrioventricular block, but in 5 of 10 dogs treated 


<- with the larger dose of .dl-propranolol, progressive 


_first,.second and third degree atrioventricular block 


developed, ending in cardiac standstill in 3. In 4 of 


16 dogs treated with Practolol progressive first, sec- 
_ ond and third degree heart block developed, ending 

in cardiac standstill in 2. Among the dogs treated 
with dl-propranolol (0.1 mg/kg), heart block devel- 
oped in 2 dogs, ending in cardiac standstill in 1. The 
incidence of severe heart block in Groups 3 and 8 
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was significantly higher than that in the control 
group (P <0.005). 

Dogs not meeting criteria for ligation: Thirteen. 
additional experiments were unacceptable for the- 
following reasons: a torn coronary artery (5 dogs); 


lack of electrocardiographic changes on the day of | a 


experiment and also 24 hours later and oniy suben- 
docardial infarction at autopsy (3 dogs); incomplete 
occlusion of the artery with leakage (2 dogs); occlu> 
sion of the artery beyond several branches of the cir- 
cumflex artery (2 dogs); and existence of hyperten- _ 
sion due to congenital polycystic kidneys (1 dog): ee 
Restudy of the 13 rejected cases indicated that in 7 


experiments the findings were in disagreement and _ 


in 6 were in agreement with those based on the ac- 
cepted cases. Thus, inclusion of these 13 cases would 
not have affected the conclusions drawn from the 141. 
accepted experiments. ‘ 


Discussion l 

The mortality rate resulting from ligation of coro- 
nary arteries ranges from 0 to 100 percent.24 The 
reasons for this wide range are many. Anesthesia, 25- 
an open chest condition?® and artificial respiration2* 
all modify cardiac function and, therefore, the re- 
sults of experiments in anesthetized, open chest ani- 
mals are not necessarily the same as the responses in 
intact, unanesthetized “normal” animals. Moreover, 
these factors not only have profound circulatory ef- 
fects of their own, but also can influence the re- 
sponses to the pharmacologic agents being studied. ° 
Certainly, it has been recognized for a long time that | 
the mortality rate from experimental coronary occlu- 
sion in dogs is lower if the animals are anesthetized.* 

The mode of coronary occlusion also has an impor- 
tant bearing on the outcome.?8 The technique for 
coronary occlusion used in our study includes the 
early phase of ventricular irritability following coro- 
nary ligation and is therefore associated with.a high 
early mortality rate comparable to that observed 
clinically. The mortality rate also varies with the 
choice of artery ligated and the site of occlusion of 
the artery. The death rate after occlusion of the cir- 
cumflex branch is higher than that occurring after 
occlusion of the anterior descending branch*.and, 
with the circumflex branch, the closer the ligature is 
to the bifurcation of the left coronary artery, the 
higher the mortality rate.24 Ligation of the circum- 
flex branch has been claimed to provide more uni- 
form results than ligation of the anterior descending 
branch. ?9 

For all these reasons it was decided to ligate the 
left circumflex artery in fully conscious dogs breath- 
ing spontaneously. Ligation of this artery cuts off 
nearly 50 percent of the total blood supply of the 
heart?’ and provides a major challenge to the surviv- 
al of the dogs,* thus allowing for assessment of pro- 
tective agents against the fatal outcome. 

Comparison of protective effect of beta blocking 
agents: Because our study was designed to com- 
pare the effects of beta blocking agents in conscious, 


























spontaneously breathing dogs, preliminary experi- 
ments were performed to determine equi-effective 
blocking doses of the drugs that were then used in 
the coronary occlusion studies. The relative beta 
blocking activity of di-propranolol and Sotalol found 
<in conscious dogs (2 to 3 times as potent) was much 
less than that reported in anesthetized dogs (8 to 16 
times as potent)2°.30 and was more comparable to 
that reported inconscious man (2.7 times as potent).31 
The calculated EDso blocking dose of Practolol 
derived from experiments in atropinized conscious 
dogs may not be strictly comparable to those of di- 
propranolol and Sotalol, but Dunlop and Shanks?? 
reported that 1 mg/kg of Practolol was as effective 
as 3 mg/kg in reducing or preventing ectopic re- 
sponses to epinephrine in conscious dogs 2 or more 
days after coronary ligation. In our study, 2 of 5 
‘deaths in the group treated with 1.4 mg/kg of Prac- 
tolol were due to cardiac standstill. 

Pretreatment with dl-propranolol (0.1 mg/kg) sig- 
nificantly decreased the 2- and 24-hour mortality 
rates from the control level. However, this drug did 
not provide such protection when given in a dose of 1 
mg/kg. These results are comparable to those re- 
ported by Pentecost and Austen®? in anesthetized 
open chest dogs. According to Barrett,33 dl-propra- 
nolol reduces cardiac work by blocking sympathetic 
drive to the heart at doses up to 0.2 mg/kg; direct 
depression of the myocardium occurs only at consid- 
erably larger doses. However, slightly larger doses 
have been used by some investigators with good re- 
sults: Proger et al.,34 using 0.31 mg/kg followed by 
slow infusion of dl- propranolol, observed a signifi- 
cant protective effect against ventricular fibrillation 
in anesthetized dogs. Suppression of arrhythmia 
after coronary ligation has also been noted after ad- 
ministration of 0.2 to 0.3 mg/kg of dl-propranolol in 
open chest dogs.14 In our study more dogs in the 
group pretreated with 1 mg/kg dose of dl-propran- 
„olol demonstrated evidence of depression of the 
conduction tissue after coronary occlusion. 

Although the smaller dose of dl-propranolol was 
more beneficial than the larger dose in experimental 
coronary occlusion, both the smaller and larger doses 
of Sotalol significantly reduced the mortality rate. 
There is no reported study on the influence of Sotal- 
ol in experimental coronary occlusion in conscious 
dogs to compare with our study. However, Kaumann 
and Aramendia? reported that Sotalol, in doses of 
10 mg/kg, but not of 0.5 mg/kg, had a protective ef- 

< fect against ventricular fibrillation after experimen- 
tal coronary occlusion in anesthetized dogs. 

Mechanism of protection against ventricular fi- 

brillation: The EDso doses of Sotalol and dl- 
- propranolol afforded a similar degree of protection 
against ventricular fibrillation after acute coronary 
occlusion in conscious dogs, and dl-propranolol pos- 
sesses both beta adrenergic blocking and local anes- 
thetic effects,23 whereas. Sotalol has only the beta 
blocking property without the local anesthetic ac- 
tion. We therefore conclude that the beneficial effect 
of this group of drugs (in the doses used) is due pri- 
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marily to beta adrenergic rocepiar piookade and not 
to a local anesthetic effect. This conclusion is rein- 
forced by the finding that d-propranolol, which is 
practically devoid of beta blocking effect in a dose 
having an equi-active membrane effect to that of the 
EDso dose of dl-propranolol, afforded no protection 
against ventricular fibrillation. This does not imply 
that a suitable dose of d-propranolol will not prevent 
ventricular fibrillation after experimental coronary 
ligation. On the contrary, it is highly likely that it 
will. Local anesthetic agents are well known for their 
antiarrhythmic effect, and Stephenson et al.3® have 
demonstrated that 4.6 mg/kg of procaine significant- 
ly prevents ventricular fibrillation after temporary 
occlusion of the anterior descending branch. 

Our investigation further shows that it is not nec- 
essary to block the beta adrenergic receptors 
throughout the entire body to protect the heart from 
fibrillation after coronary ligation. Selective block- 
ade of the beta receptors in the heart alone by Prac- 
tolol is sufficient to achieve this benefit. Moreover, 
as stated, Practolol has no local anesthetic effect: 
The antiarrhythmic effect of this drug has been dem- 
onstrated in 3 anesthetized open chest dogs after 
coronary arterial ligation, ?* but it has not. been stud- 
ied in coronary occlusion in conscious dogs. However, . . 
Jewett et al.11 observed that the frequency of ven- 
tricular ectopic beats was reduced in 7 of 15 patients one 
with acute myocardial infarction. aoe 

The decreased mortality rate from acute coronary. $ 
occlusion in conscious dogs by appropriate doses of | 
the beta blocking drugs in our study parallels that 
found in other studies involving chemical or surgical go 
sympathectomy.5:7-9 Í 

Clinical implications: What relevance a6 these 
results in healthy dogs undergoing sudden coronary 
occlusion have in human coronary disease? Many. 
patients sustaining a myocardial infarction die so — 
suddenly that they never reach a hospital. 3T Ven- 
tricular fibrillation is most likely the mechanism of |. 
sudden death in patients with coronary disease.?:3 = 
Routine use of beta blocking drugs, despite an earlier _ 
enthusiastic report,*8 generally has not been found _ 
helpful in patients already admitted to the hospi. 
tal.16-19 The real problem of sudden death from coro- _ 
nary artery disease occurs not in the hospital but in _ 
the community. Reduction of the high mortality rate _ 
will probably require identifying and treating per- — 
sons with increased ‘risk. for sudden death, that is, a 
providing “pre-coronary care.’ 

Our findings suggest. that an evaluation of the beta : 
adrenergic receptor blocking. drugs should be carried _ 
out in carefully selected high-risk persons, but it is. 
not possible to state categorically which drug 
eventually prove the most useful clinical agent 
dioselective beta blockade “by Practolol has certain 
theoretical advantages over nonselective beta block- 
ade in clinical situations, but our study indicates 
that the stress of acute myocardial infarction may 
lead to serious. depression of the conduction system if 
this drug is given. in a relatively large dose. The 
choice of dose for any of these drugs is important to 
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the final outcome; incre: sing the ‘dese of some of 
these compounds not cause a further decrease 
in athe m ality and may even increase it. 
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-by Drugs that Inhibit Platelet Aggregation 


To investigate the possibility that the myocardial necrosis seen after 
epinephrine infusion is related to the platelet aggregating effects of 
epinephrine, 10 dogs pretreated with aspirin, 10 dogs pretreated with 
dipyridamole and 10 dogs not pretreated were infused with epineph- 
rine, 4 g/kg per min; their hearts were studied histologically after 
sacrifice 1 week later. All of the contro! animals had necrosis, 6 with 
3+, 2 with 2+, and 2 with 1+ necrosis. Seven of the 10 dogs pre- 
treated with aspirin and 7 of the 10 pretreated with dipyridamole had 
no evidence of myocardial necrosis. Three dogs pretreated with as- 
pirin had 1+ necrosis; 3 pretreated with dipyridamole had 2+, 1+ 
and trace degrees of necrosis, respectively. This demonstration of a 
protective effect of antiplatelet aggregating agents suggests that _ 
intravascular platelet aggregation plays a role in catecholamine-in- . 
duced myocardial necrosis. Clinical acute myocardial infarction seen | 
after prolonged stress (during which catecholamine secretion is in- _ 
creased) may be related to similar intravascular platelet thrombosis E 
induced by catecholamines occluding a coronary artery previously. 
narrowed by atherosclerosis. z 


Infusion of sympathetic catecholamines in the experimental animal — 
will cause the development of myocardial necrosis. 115 In vitro, sym- 
pathetic catechclamines have been shown to induce platelet aggrega- 
tion.1618 It is possible that the myocardial necrosis seen after 
catecholamine infusion is due in part to intravascular aggregation of 
platelets, thus occluding the capillaries and causing areas of isch- 
emia in the heart. To investigate this possibility, dogs pretreated 
with 2 drugs knewn to inhibit platelet aggregation (aspirin and dipy- 
ridamole) were given infusions of epinephrine, and 1 week later their 
hearts were studied pathologically and compared with the hearts of- 
dogs that had not been pretreated. oe 


Materials and Methods 


Thirty mongrel dogs weighing 15 to 20 kg were studied. Ten dogs were 
pretreated for 4 days with aspirin, 10 grains orally twice daily. Ten dogs re- 
ceived dipyridamele (Persantin®, 50 mg orally twice daily, for 4 days. Ten 
dogs that were not pretreated served as contro! animals. After pretreatment ” 
the dogs were anesthetized. with pentobarbital sodium. Cannulas were — 
placed in the aorta, by means of a cutdown procedure in the femoral artery, 
and in the femoral vein. Aortic pressure (using a Statham 23Db strain | 


gauge) and the peripheral electrocardiogram were monitored and recorded _ 
with use of an Electronics for. Medicine oscilloscopic photographic recorder. 


Records were taken of the aortic pressure before infusion, at the peak re- 
sponse and at 60, 120, 180 and 240 minutes after the onset of infusion. Elec- 
trocardiographic leads I, Il, IM, aVR; aVL, and aVF were recorded before 
the onset of infusion and just before its termination. 

Epinephrine was infused intravenously at a rate of 4 pg/kg per min for 4 
hours. The total computed dose was added to 480 cc of normal saline solu- 
tion and infused at arate of 2 ¢¢/min. The dogs were sacrificed 1 week after 
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Photomicrograph of an area of myocardium dem- 


FIGURE 1. Photomicrograph of an area of myocardium dem- 
onstrating extensive confluent necrosis (graded 3+) with loss of 
myocardial fibers, presence of round cell infiltration and early fi- 
brosis. (X100, reduced by 20 percent.) 


TABLE | 
Blood Pressure Response in 30 Dogs* 


onstrating patchy necrosis without confluence, graded 2+. 
(X225, reduced by 20 percent.) 





Control Group 


Group Pretreated with Aspirin 


Group Pretreated with Dipyridamole 





(10 dogs) (10 dogs) (10 dogs) 
Control ee (136.0 + 22.4) es a (122.5 + 12.3) ea (136.2 + 10.4) 
Peak ASERS (187.1 24.9) aaa (187.5 + 17.8) Sp qa (186.3 + 9:1)” 
1 Hour ERa (146.8 + 20.3) oe es (129.1 + 16.9) as (140.8 + 11.5) 
2 Hours eae sag (135.4 + 22.5) hee aes (134.8 + 16.3) nae (128.2 + 9.7) 
3 Hours ens (140 + 24.9) oe aa (131.0 + 23.4) Meigs (141.3 + 13.2) 
4 Hours EL Ered (147.5 + 18.9) Se 38 (128.4 + 24.6) IRENI (138.1 + 18.0) 


126.0 + 20.4 


105.8 + 23.3 


A136) 1752 


* Means and standard deviations of systolic (numerator), diastolic (denominator) and mean (in parentheses) pressures (mm Hg) of 
the 3 groups. None of the pressures of the pretreated groups were significantly different from those of the control group (Student's t 
test) except for the peak pressure of the group given dipyridamole (marked by asterisk) (0.05 > P > 0.02). 
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FIGURE 3. Photomicrograph of an area of myocardium dem- 
onstrating an isolated area of necrosis. When 3 or more of 
these patches were found on each of 6 slides, the necrosis was 
graded 1+. When fewer tham 3 such patches were seen on 
each of fewer than 3 slides, the necrosis was graded trace. 
(X225, reduced by 20 percent.) 


infusion, the hearts were removed and fixed in formalin, 
and histologic sections of the left ventricle were stained 
with hematoxylin and eosin and examined for the pres- 
ence or absence of necrosis. The degree of myocardial 
damage was graded on a scale of 0. to 3+ using the fol- 
lowing criteria: 3+, presence of extensive areas of necrosis 
with confluence (destruction of myocardial cells, presence 
of round cell infiltration, and early fibrosis) (Fig. 1); 2+, 
extensive areas of necrosis without confluence (Fig. 2); 
1+, small areas of necrosis (Fig. 3), more than 3 per slide 
on 6 slides; trace, a few small areas of necrosis on fewer 
than 3 slides; 0, no necrosis. Pretreated and control dogs 
were studied in random order; the pathologist (R.O.) who 
graded the histologic findings did not know which animals 
had not been pretreated or had received aspirin or dipy- 
ridamole. 


Results 
The blood pressure response to the epinephrine 


- infusion was similar in all dogs (Table I). After an 


initial rise the blood pressure usually returned to just 
above the control level at 1 hour and stayed there for 
the remaining period of the infusion in a manner 
similar to that reported by Moss et al.19 Among the 
groups, the animals pretreated with dipyridamole 
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had a slightly lower level of peak blood pressure re- 
sponse than that of the control group (0.05 > P 
>0.02). This finding may have been related to the 
vasodilating effect of the drug. The pressure levels in 
the group pretreated with aspirin tended to be some- 
what lower than the control levels, but the differ- 
ences were not statistically significant (Student t 
test). 

On histologic study 1 week after infusion (Table 
II), all dogs in the control group (not pretreated) had 
evidence of cardiac necrosis, 6 dogs with 3+, 2 with 
2+ and 2 with 1+ necrosis. Among the group pre- 
treated with aspirin, 3 dogs had evidence of necrosis, 
all graded 1+. Seven dogs in the group pretreated 
with aspirin had no necrosis. Three dogs in the group 
pretreated with dipyridamole had necrosis, graded 
2+, 1+ and trace, respectively. No necrosis was 
found in the 7 dogs pretreated with dipyridamole. 
Comparison between each of the pretreated groups 
and the control group with respect to the presence or 
absence of histologic evidence of necrosis showed 
that the findings were statistically significant (P 
<0.01 by chi-square analysis). 

Correlation of the pre- and postinfusion electrocar- 
diogram with the cardiac pathologic findings of the 
14 dogs with no necrosis showed that 11 had no 
change, and 3 had T wave inversions in the inferior 
leads. Of the 6 hearts with 3+ necrosis, 1 had an 
acute inferior wall myocardial infarction; 2 left axis 
shifts; 2 T wave inversions in the inferior leads; and 
1 no significant change. 


Discussion 


Production of myocardial necrosis by catechol- 
amine administration has been known since the work 
of Josué1in 1907. Numerous studies have documented 
these effects of epinephrine, norepinephrine and 
isoproterenol in the hearts of dogs, rats, rabbits, tur- 
tles and man.?-15 Various doses of norepinephrine 
and epinephrine have been used for different periods 
of time; sustained infusions have been found to be 
particularly effective in producing myocardial 
changes.12:20 In man, Szakács et al.” demonstrated 
patchy intramyocardial necrosis and hemorrhage in 
patients who died after having received sustained 


TABLE II 


Pathologic Findings in the Heart 1 Week After 
Epinephrine Infusion 


Extent of Cardiac Necrosis 


3+ 2+ 1+ Trace 0 

Control 6 2 å rus 

Group pretreated with aspirin 3 7 
Group pretreated with 

dipyridamole as 1 1 hi 7 


Necrosis is graded trace to 3+ (see text for explanation). 
Grade 0 indicates no evidence of myocardial necrosis. 


N 





infusions of notipinaphrine for alidck, and Van Vliet 

et al.?4 found that 23 of 26 patients who died with 

a pheochromocytoma had histologic evidence of acute 

“patchy necrosis or chronic intramyocardial fibrosis at 
postmortem examination. 

Among the suggested mechanisms for eatechol- 
< amine-induced myocardial necrosis, hypoxia is favored 
by many investigators.5-11.19 Tt is thought that the 
oxygen supply is disproportionate to the increased 
oxygen demand of the heart induced by catechol- 
amines. During infusion the blood pressure usually 
_ falls to control levels or lower within 1 hour. 1" This re- 
-> duction may not allow sufficient coronary blood flow 
| and oxygen supply to a myocardium having a greater 
_ oxygen demand than normal. Others consider vagal 
tone or the direct cardiotoxic effects of catechol- 
“amines to be of etiologic importance.*:15 Nahas et 
-al.® suggested that epinephrine-induced lipid mobili- 
zation might play an additive role. In turtle hearts the 
: necrosis has been described as primarily affecting the 
- subendocardium.!3 This part of the turtle heart re- 
. ceives its blood supply through sinusoids that com- 
municate directly with the ventricular lumen. 
Hence, increased ventricular contraction should lead 
to increased blood supply; and, on this basis, isch- 
emia is considered an unlikely cause of the necrosis. 
-et Our study was performed to evaluate another hy- 
pothesis. The possibility exists that catecholamine- 
-= > induced myocardial necrosis results from ischemia 
ed by platelet thrombi deposited in and occlud- 
z small vessels of the coronary circulation. Previ- 
studies have shown”? that intravascular platelet 
fegation induced in the pig heart by intracoro- 
nary infusion of adenosine diphosphate (ADP), a po- 
tent platelet aggregating agent, will cause myocar- 
_ dial necrosis similar, on light microscopic examina- 
ion, to that produced by prolonged catecholamine 
fusion. To evaluate the hypothesis that catechola- 
nes produce myocardial necrosis similarly by 
travascular platelet aggregation, we have attempt- 
to modify catecholamine necrosis by administra- 
tion of aspirin and dipyridamole, 2 drugs known to 
affect platelet function. 
= Role of aspirin and dipyridamole in platelet 
Aggregation: Thrombi formed in vivo in the arteri- 
system are “white thrombi” composed of aggre- 
d platelets, leukocytes and fibrin.?? Platelet 
ration occurs in 2 waves in the presence of vari- 
ubstances, including adenosine diphosphate 
- (ADP) and epinephrine.1*:23 During the first wave 
platelets adhere to each other. This adhesion is re- 
-versible but is followed rapidly by irreversible aggre- 
_ gation (second wave) due to release of ADP from the 
platelets themselves. 1724.25 Collagen extracts, 

serotonin, thrombin, contact with glass and centrifu- 
gation also lead to platelet aggregation. ?° 
Several drugs including glycerol guiacolate,27 
Ibutazone,2® ‘sulfinpyrazone,2® antihistamin- 
_ ies, °° dipyridamole?! and aspirin?®-32 have been found 
ee to affect platelet function. O’Brien2® has shown that 
aspirin has profound effects on platelet function. The 
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second wave of aggregation induced by ADP or 
adrenalin is abolished after ingestion of aspiri 
These findings have been confirmed by other inv: 
gators. 25-32-34 The effects of aspirin on platelet 
produced by as small a dose as 150 mg,?° and the | 
fect has been shown to last up to 4 to 7 days after 
aspirin ingestion. 26.32 Although the mechanism of 
the aspirin effect is not known, it has been postula 
ed that aspirin permanently damages an 
pathway within the platelet or at its m mbrane, 
and the effect lasts until the damaged platelets ar 
replaced by new normal platelets.26:32 > 

Dipyridamole, a vasodilating drug. used in the 
treatment of angina pectoris, 3® has also been found 
to be a potent inhibitor of platelet aggregation, 36-38 
Clinically it has been demonstrated that dipyrid. 
mole decreased platelet adhesiveness in patients with 
coronary artery disease®® and that the incidence of 
postoperative thrombi was decreased in. patients 
with prosthetic valves who received dipyridamole in 
addition to standard anticoagulant. therapy.*° The 
mechanism of the platelet action of dipyridamole is 
thought to involve interference with adenosine me- — 
tabolism41-44 and decrease in the amount of ADP 
available in the platelet, thus inhibiting the second- 
ary aggregation of platelets that occurs after the re- 
lease phenomenon. 

Aspirin, dipyridamole and myocardial necrosis: 
Our study was designed to determine whether aspi- 
tin or dipyridamole would prevent catecholamine- 
induced myocardial damage. Dogs pretreated with 
either of these 2 agents that inhibit platelet aggrega- 
tion were significantly protected from the cardiac ne- 
crosis caused by epinephrine infusion (P <0.01). We 
believe that the antiplatelet action of these drugs 
(which have little else in common) is ‘responsible for. 
the protective effects. Hence, our experiments 
suggest that catecholamine-induced cardiac necrosis 
is due at least in part to ischemia that results from 
the formation of platelet thrombi that aggregate in 
and block small vessels in the heart. This hypothesis 
has received support from our recent. electron micro- 
scopic studies, which demonstrated occluding plate- 
let aggregates in the capillaries of the hearts of dogs 
subjected to 4 hour norepinephrine infusions. *® 

Clinical implications: The implications of our“: 
findings may be clinically significant. Acute myocar- 
dial infarction and sudden death are occasionally | 
preceded by severe or prolonged ‘stress.4® During 
stress, the secretion of catecholamines is increased.*7 
It has been demonstrated that stress, produced by 
endogenous catecholamine release, can lead to cardi- 
ac necrosis indistinguishable from that caused: by” 
catecholamine infusion in animals’ sensitized with © 
corticosteroids. Mustard and Packham +8 suggested 
that acute myocardial infarction and sudden death 
may be caused by platelet aggregates forming in a 
teries or in the microcirculation of the heart. It is 
possible that the link between stress and acute myo- 
cardial infarction and sudden death occurs by way of 
intravascular aggregation of platelets causing total- 
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occlusion of segments of coronary arteries already 
narrowed by atherosclerotic plaques: With our dem- 
<- onstration in vivo that-the damage induced by epi- 
_-nephrine can be prevented by agents that inhibit 

` platelet aggregation, this possible mechanism for 
_ myocardial infarction during stress must be consid- 
ered as another possible deleterious effect of these 
hormones on the cardiovascular system (in addition 
to precipitous increase in blood pressure and heart 
rate and the induction of arrhythmias). Possibly, by 


_ pretreating patients known to have coronary artery 


disease with antiplatelet aggregating drugs, the inci- 
‘dence of myocardial infarction during stress may be 
decreased. 
The finding that epinephrine can be demonstrated 
in vivo to cause damage through its platelet aggre- 
- gating properties may be of importance also in the 
_ link between stress and the production of atheroscle- 
rosis. An increased frequency of coronary atheroscle- 
rosis has been noted among aggressive persons4?:5° 









who tend also to have an increase in catecholamine 
excretion.47 In 1852, Von Rokitansky5! postulated 
that the initial insult leading to atherosclerosis was 
the formation of a thrombus on the intima of vessels. 
DuGuid52-53 revived this theory in the 1940’s from 
his study of atherosclerotic plaques in human coro- 
nary arteries and aortas. Woolf and Carstairs5+ dem- 
onstrated: the presence of platelet material deep in 
atherosclerotic plaques by fluorescent antibody tech- 
niques. Mustard et al.55 have been the chief propo- 
nents of the thrombogenic origin of atherosclerosis in 
this hemisphere. 

If the initiation of an athérosclerotic plaque occurs 
with the formation of a thrombus on a vessel wall, 
intravascular aggregation of platelets induced by 
epinephrine may possibly be the first step in the de- 
velopment of a thrombus and atherosclerosis. 
Pharmacologic protection against epinephrine-in- 
duced platelet aggregation may alter the natural 
progression of atherosclerosis. 
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Atrial and thoracic vein mapping in patients showed that the earliest 
site of atrial activity ranged from a low to high position along the sul- 
cus terminalis and that cardiac muscle extended for 2 to 4 cm into 
all of the thoracic veins except the inferior vena cava. To understand 
the epicardial wave forms, experiments were carried out in open and 
closed chest dogs. Atrial muscle extended superiorly into. the superi- 

or vena cava of the dog to a far greater degree than it extended into 
this vessel in man. In some dogs, cardiac muscle in the azygous 
vein extended to the spine, and at this site the heart could be paced; 

no cardiac electrical activity occurred in the azygous vein of man. | 
The shape of most wave forms (a rapid deflection superimposed on 
a prolonged negative curve) was due to a superposition of effect ofa. 
large excitation wave in the atrium and a smaller excitation wave in. 
the thoracic veins. Ultrastructural studies revealed atrial muscle in 
the thoracic veins of the dog. The extension of cardiac muscle ‘into. 
the thoracic veins of human embryos was far greater than that foun 
in children and adults. In a patient with a persistent left superic 
vena cava, cardiac excitation progressed far above the heart to the 
junction with the innominate vein, a position from which the heart 
could be paced. The results suggest that the Lewis theory of atrial 
flutter—that is, that the venae cavae present an obstacle around 
which excitation waves progress—is untenable since wave fronts 
propagate in the venous muscle in a manner that quickly renders the. 
tissue refractory by the merging and collision of waves. 









Independent pulsation of the pulmonary veins and the venae cavae 
was described by Brunton and Fayrer! in 1876. They observed in’). 
rabbits and cats that after artificial respiration was discontinued the 
veins pulsated at a rate of 119 beats/min, but the contractions o 
veins were not synchronous with those of the atria. Both atria subse 
quently ceased to beat, but the pulmonary veins in both lungs con- 
tinued to pulsate. They noted, “... we think it advisable to bring 
again before the notice of physiologists and physicians this power of 
the veins, which, although so long known, appears of late years to 
have been overlooked.” Since the appearance of this communication, _ 
the functional anatomy and “throttle valve” action of pulmonary. — 
veins have been studied by Burch and Romney,? and independent 
contraction of the pulmonary veins has been verified by documenting 











It is now clearly documented that the distance that cardiac muscle : 
extends from the left atrium into the pulmonary veins varies consid- 


erably from species to species. In the mouse, cardiac muscle extends ` 


to the smallest of the pulmonary veins;>:® in man cardiac muscle 


projects less far for distances that vary from person to person.’ The r 
anatomic studies of Nathan and Eliakim? showed that cardiac mus- 








cle _Reually : exte nds further into the superior than 
rior | onary veins in man. Histologic 
st larly have shown cardiac muscle in the 
reat veins of thedog.3:8 -` 
ormation on electrical activity of the thoracic 
eins remains scanty. Lewis et al. measured activa- 
on times of the superior vena cava and demon- 
strated that cardiac excitation progressed 2 to 3 cm 
above the right atrium in the dog. Zipes and Knope!° 
und that the refractory period of dog thoracic veins 
was similar to that of the atrium and concluded that 
itis quite likely that atrial muscle extends for a dis- 
_ tance into these veins. Recently, we showed in intact 
dogs that the excitation of the superior vena cava pro- 
-duces notches in P waves recorded from the right 
thorax. Japanese workers!2:13 conducted in vitro 
studies on sinocaval conduction in the rabbit and 
showed cardiac excitation to extend to the upper lim- 
it of the right and left superior venae cavae. In man 
there is no information on the manner in which excita- 
tion waves spread from their site of origin into the 
. great veins. 
In this paper we consider the following questions: 
low far does cardiac muscle extend into the thoracic 
veins in man? What is the genesis of the electrical 
wave forms recorded on the thoracic veins and adja- 
cent atrium, and how does the excitation of the tho- 
racic veins relate to the initiation of atrial excita- 
? Is there ultrastructural evidence that the mus- 
is truly atrial in origin? If so, embryologically 
hat is the origin of cardiac muscle in these veins 
nd could there be congenital anomalies involving 
the distance that cardiac muscle extends from the 
atria into the thoracic veins? Finally, does the pres- 
e of cardiac muscle in the thoracic veins have im- 
Heation for the current Lewis theory!‘ of atrial flut- 

















































o approach these questions, we performed the 
fo owing experiments: Initiation of excitation was 
pped in patients at operation. The exeitation 
ves were traced into the venous region of the right 
ium and thoracic veins, as well as into the area 
escribed as containing Bachmann’s bundle in the 
superior left atrium in the dog.!5 Because the wave 
forms were complex, more extensive electrical mea- 
surements of the atria and thoracic veins were car- 
ed out both in open and closed chest dogs. Accom- 
panying histologic and ultrastructural studies were 
yerformed for comparison with the electrical mea- 
surements. The distance that cardiac muscle extend- 
ed into the thoracic veins was examined in human 
embryos to determine if the distance was further 
an that found in children and adults. 






















Methods 


Patients 


leasurements were performed. in 29 patients undergo- 
diac surgery. These included 7 adults (4 with mi- 
al stenosis and 3 with aortic stenosis) and 22 children 
tween 6 and 16 years of age. Among the children, 4 had 
secundum atrial septal defect, 6 had ventricular septal 





defect, 3 had aortic stenosis, 4 had valvular pulmonic ste- 
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nosis and 5 had tetralogy of. Fallot. A reference bipolar 
electrode was fastened to the right atrial appendage and 
another one was placed in the low right atrium. The ex. 
ploring. electrode consisted of 2 tungsten wires: 50u 

diameter, encased in epoxy with the smooth tips i 
tungsten wires protruding 1 mm and separated by 100p. 
The switching connections were arranged so that both | 
bipolar and a unipolar record could be recorde alt 
neously from both reference leads and from the exploring : 
electrode. All data were recorded on magnetic tape as well 
as bya Honeywell strip recorder. : 

The sinus nodal region was explored in detail, and pi 
merous measurements were made along the sulcus termi 
nalis, the adjacent atrial free wall and the adjacent ve- 
nous region. In all but 1 patient, detailed ‘exploration, of. 
the thoracic veins was limited to the superior and inferior 
venae cavae and the right pulmonary veins: In 1 child: 
with tetralogy of Fallot, there was a persistent left: superi- 
or vena cava, and we were able to obtain numerous mea 
surements on the superior aspect of the left atrium and 
the supracardiac portion of the left vena cava. Each pa- 
tient had measurements made at 30 to 60 sites: The mea- 
suring sites were photographed along with the measure- 
ments. 

Atrial excitation maps were constranted by ihe isochro- 
nal line method. For wave forms that comprised 2 or more 
deflections, the bipolar complex was used to determine 
the time of excitation of the muscle in ‘contact with the 
exploring bipolar lead. 


Dogs ; 

The excitation sequence of the thoracic veins and Both 
atria were measured in 6 dogs by the same methods use 
in the patients. Isochronal maps were constructed fro: 
180 to 220 measurements in each dog to depict the sprea 
of excitation in a fashion analogous to that used in pa 
tients. 

We also developed a special intact dog preparation to 
study the details of the shape of the wave forms with the: 
surrounding regions intact (maintenance of the normal 
volume conductor). This method has been reported i in de- 
tail previously.1!-1® In this preparation 10 wires, insulated 
except at a 1 mm circular tip, were sutured to the epicar- 
dial surface of the venae cavae and an additional 30 wires 
were sutured to the pulmonary veins.’ Also, 20° electrodes 
were implanted in each atrium. The wites were embedded 
in the dog's neck at the conclusion of the surgical proce-’ 
dure. All 5 animals did well postoperatively and under- 
went study 3 to 4 weeks later. Epicardial unipolar electro- 
grams were recorded with use of a left leg reference lead, 
and the resulting wave forms were compared to the wave. 
forms recorded in the open chest preparations. The shape 
and timing sequences in corresponding sites showed good 
agreement. This comparison was made to. determine the 
validity of the wave forms recorded with the chest open. 
for dogs and to indicate whether the measurements. made 
in patients at operation could be extrapolated to the in- 
tact nonsurgical situation. 


l Results . 
Activation Sequences 

Patients: All but 3 of the 29 patients who under- 
went atrial mapping at operation had regular spon 


taneous rhythm. Special measurements were made 
in the remaining 3 who had atrial tachyarrhythmias. 
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Of the 26 patients with normal rhythm, all had up- 
right P waves in lead II during the mapping proce- 
dure. The site of earliest atrial excitation ranged 
from a position near the superior vena cava-right atri- 
al junction (Fig. 1A) to a lower atrial point on the 
sulcus terminalis (Fig. 1, B and C). For the patient 
with the low pacemaker site (Fig. 1C), excitation 
spread more rapidly up and down the region of the 
sulcus than into the adjacent venous region and ad- 
jacent atrial free wall. The circular wave front col- 
lapsing on itself in the sinus nodal region is evident, 
indicating slower conduction into the sinus nodal 
area.1? 

For patients with high pacemaker sites, the spread 
of excitation from the sinus nodal region was usually 
different from the pattern found by Lewis et al.,° in 
the dog. The latter found that spread was more 
rapid posteriorly into the venous region than upward 
through the superior vena cava. In our patients, the 
opposite was true. 

Figure 1 also shows the spread of excitation waves 
into the adjacent venous region of the right atrium 
and the distance to which the atrial muscle extended 
into the venae cavae and right pulmonary veins. In 
the superior vena cava, excitation extended 2 to 5 
cm above the junction of this vein with the base of 
the right atrial appendage. In no patient did cardiac 
electrical activity extend into the azygous vein, 
which originated 4 to 6 cm above the base of the su- 
perior vena cava. In-all patients electrically active 
cardiac muscle extended into the right pulmonary 
veins for a distance of 2 to 4 cm. As the exploring 
electrode approached the junction of the pericardium 
with the pulmonary veins, the peak to peak ampli- 
tude of the wave forms diminished and the shape of 
the wave forms changed. We were able to record elec- 
trical activity of cardiac muscle distal to the pericar- 
dium in only 4 patients; in all 4, activity was pres- 
ent in the inferior right pulmonary vein 1 to 2 cm 


FIGURE 1. isochronal maps from patients 
at operation. The maps, obtained from 3 pa- 
tients, are representative of the total group 
studied. The distance that cardiac muscle 
extends into the venae cavae and right pul- 
monary vein is indicated by the most distant 
line in the excitation sequence. Each patient 
represents a group where the pacemaker 
site was in the same position. For high 
pacemaker sites (A) there were 12 patients, 
for a slightly lower pacemaker site (B) there 
were 11 patients and for the low pacemaker 
site (C) there were 3 patients. Note that ex- 
citation extended for only a short distance 
upward through the superior vena cava and 
did not extend into the inferior vena cava. 
The time course of excitation for the anterior 
half of the right atrial free wall and the right 
atrial appendage is not shown because no 
measurements were made in these areas. 
These data indicate considerable variation in 
pacemaker site from patient to patient. This 
variation is similar to that found in the in 
vitro studies of Bouman et al. 18 


outside the pericardium. Excitation of the earliest 
point in the right pulmonary veins occurred later 
than excitation of the immediately adjacent venous 
portion of the right atrium (Fig. 1). Additionally, the 
right pulmonary veins completed their excitation 
after the completion of excitation of the entire ve- 
nous region of the right atrium and the superior vena 
cava. There was no cardiac electrical activity in the 
inferior vena cava. 

Dogs: The site of origin of earliest atrial activity 
in dogs also varied, ranging in position along the sul- 
cus terminalis from the middle to the top of the right 
atrium. We encountered no dogs with a low initial 
site along the sulcus terminalis, a condition found in 
3 patients. Spread of excitation waves from the sinus 
nodal region (Fig. 2) occurred more rapidly into the 
posterior venous region than in a superior direction 
into the base of the superior vena cava, a finding in 
agreement with the results of Lewis et al.? Electrical 
activity of cardiac muscle was present to within 1 cm 
of the top of the superior vena cava, thus extending 
much further in the dog than in man. Also, all dogs 
demonstrated cardiac electrical activity for various 
distances in the azygous vein. (The azygous vein in 
the dog arises from a lower position than in the man; 
compare Figures 1 and 2.) There was a wide range of 
lengths of cardiac muscle extension into the azygous 
vein; however, there was excellent correlation be- 
tween the distances as determined by the electrical 
and histologic measurements for the azygous as well 
as for all cardiac veins. In 2 dogs, cardiac electrical 
activity extended 5 to 6 cm into the azygous vein 
from its origin, a length far greater than the 4.7 to 
9.3 mm lengths of cardiac muscle found in the 
histologic studies of Carrow and Calhoun.® In these 2 
animals, the heart rate could be controlled by pacing 
the azygous vein at a position in the posterior gutter 
beside a vertebral body—a total distance of 9 cm 
from the right atrium. Heart rate could also be con- 
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trolled by pacing the superior portion of the superior 
vena cava.1° As in man, there was no evidence of 
cardiac electrical activity in the inferior vena cava. 
Experiments in dogs allowed us to examine in de- 
tail the excitation of the left pulmonary veins, which 
were not accessible in the human subjects at opera- 
tion. These veins showed cardiac electrical activity 
for distances of 1 to 4 cm from the atrium. The left 
superior pulmonary vein consistently demonstrated 
cardiac electrical activity for a greater distance than 
that of the inferior pulmonary veins, a finding con- 
sistent with the anatomic data of Eliakim et al. The 
areas with the latest occurrence of atrial excitation 
were found in the inferior pulmonary veins. Addi- 
tionally, in most of the dogs excitation of the inferior 
left atrium, generally considered to be the area of 
latest excitation of either atrium,!® was completed 
before that of the superior vena cava and at times 
before that of muscle in the azygous vein (Fig. 2B). 


Interpretation of Atrial Epicardial Wave Forms 


Patients: Unipolar and bipolar wave forms re- 
corded in a representative patient are illustrated in 
Figure 3. The wave forms that were recorded as the 
electrode moved from the sinus node up the supe- 
rior vena cava are shown in (a) to (e). The unipolar 
records had a rapid deflection that occurred coinci- 
dent with the deflection of the bipolar record. These 
rapid deflections were produced by excitation of 
muscle close to the electrode. The shape of these 
rapid deflections changed according to the recording 
site. At and near the site of earliest activity the 
rapid deflections were negative (a, b); as the record- 
ing point was moved up the superior vena cava the 
wave forms became biphasic in character (c, d), 
and at sites near the termination of cardiac muscle 
at the top of the superior vena cava the wave form 
became uniphasic and upright (e). These rapid de- 


FIGURE 2. A, excitation sequence of dog 
atria and thoracic veins. The sequence was 
obtained in a single animal and is represen- 
tative of the 6 dogs studied under open chest 
conditions. B, shows the inclusive times of 
excitation of the different veins. 


flections were superimposed on a more prolonged, 
primarily negative deflection due to excitation of 
atrial muscle distant from the electrode. 

Figure 3 also shows the more complex unipolar 
wave forms recorded from the right pulmonary vein 
(m-r). Some had 2 rapid deflections (o and r). The 
first of these deflections was associated with excita- 
tion of the adjacent venous region of the right atri- 
um, and the second was due to cardiac muscle in 
the right pulmonary vein beneath the electrode. Bi- 
polar wave forms with 2 rapid deflections occurred 
only when the 2 contacts of the bipolar electrode 
were positioned in the pulmonary vein and against 
the muscle of the venous region of the right atrium. 
Two separate deflections in bipolar leads have some- 
times been interpreted as indicating specialized con- 
duction tissue.19 In our case, such an interpretation 
would have been wrong. The 2 deflections were relat- 
ed to (1) the cardiac muscle in the venous portion of 
the right atrium, and (2) the cardiac muscle in the 
right pulmonary vein which was excited from the left 
atrium. 

One patient had an abnormal thoracic vein, that 
is, a persistent left superior vena cava (Fig. 4). In 
this patient, we were able to make measurements 
along the upper right atrium, the superior portion of 
the left atrium beneath the aorta, and in the supra- 
cardiac portion of the left vena cava. Figure 4 shows 
that cardiac electrical activity extended to the top of 
the left vena cava at its junction with the innomi- 
nate vein. The time of completion of excitation at 
the top of the left superior vena cava was coincident 
with that of the tip of the left atrial appendage. 
Spread of impulses from the sinus nodal region into 
the superior portion of the left atrium produced a 
biphasic wave form at a position immediately above 
the atrial septum (Fig. 4b). We believe that the first 
deflection of this biphasic wave form was due to the 
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FIGURE 3. Wave forms recorded from the superior vena cava 
and right pulmonary veins in a patient. The data are representa- 
tive of the group of patients studied. For each panel, the uni- 
polar tracing appears at the top and the associated bipolar rec- 
ord is below it. Each panel shows measurements made from the 
position with the identifying letter associated on the outline of 
the atrium and cardiac veins. The dotted line indicates the posi- 
tion of pericardial reflection. 


adjacent atrial septum immediately underneath the 
free wall muscle. There was no gross structure simi- 
lar to Bachmann’s bundle, as is present in dogs.15 
Electrically the entire region was devoid of double 
deflections in an area analogous to that previously 
shown to contain 2 deflections in the bipolar records 
of dogs.19 In another child we were able to map the 
epicardium of the superior surface of the left atrium. 
Here also we could not see a distinct muscle band 
analogous to Bachmann’s bundle in the dog; there 
were no double deflections,19 and the isochrones 
showed no more rapid progression of excitation in 
this region than in adjacent areas.2° These results 
make us question the presence in man of the coun- 
terpart of Bachmann’s bundle in the dog. 1® 

Dogs: To understand the shapes of the wave 
forms recorded in the patients at operation, we per- 
formed 2 types of experiments in dogs. First, we ana- 
lyzed the wave forms of the unipolar and bipolar rec- 
ords from the previously described mapping experi- 
ments in the open chest dogs. The wave forms were 
similar to those recorded in the patients except that 
along the superior left atrium in the dogs we fre- 
quently found double deflections along Bachmann’s 
bundle. 19 

Second, to evaluate whether the wave forms or ex- 
citation sequences are different in intact and open 


chest situations, wave forms recorded in the intact 
dog, a preparation with the volume conductor intact 
(Fig. 5), were compared to the wave forms recorded 
in the open chest dogs. Currents produced by excita- 
tion waves immediately beneath the electrodes on 
the superior vena cava (a-h) produced rapid deflec- 
tions that were superimposed on a more prolonged 
negative wave form, a finding similar to that in man. 
The area of earliest excitation (a, A) had small rapid 
deflections superimposed on the first part of the 
overall negative curve.?! As the excitation wave pro- 
pagated upward through the superior vena cava, the 
currents generated by the underlying cardiac muscle 
produced a biphasic deflection (d-f). At the upper 
superior vena cava, where cardiac muscle activity 
terminated, currents from the underlying venous 
cardiac muscle produced a uniphasic and positive 
wave form (g, h). 

Wave forms from the right pulmonary veins had a 
similar prolonged and primarily negative shape as a 
result of currents from excitation of distant areas. 
The superimposed small rapid deflections caused by 
local muscle excitation in the pulmonary veins are 
indicated by the arrows (x, y, z) in Figure 5. 

The wave forms shown in Figure 5 can be under- 
stood by considering the situation illustrated in Fig- 
ure 6. The latter depicts the 2 excitation waves at a 
single time instant, one propagating in the right atri- 
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FIGURE 4. Excitation sequence of a persistent left superior 
vena cava in a 6 year old patient with tetralogy of Fallot. Note 
that cardiac muscle extended to a much higher level in the left 
superior vena cava (to its junction with the left subclavian vein) 
than in the right superior vena cava. The arrows point to the 
QRS complex for each panel. The letters associated with each 
panel identify the respective recording positions on the outline 
of the atrium and venae cavae. 
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FIGURE 5. Unipolar wave forms recorded 
from the cardiac veins in the intact dog with 
use of permanently implanted electrodes. 
Note that the shape of the wave form asso- 
ciated with local muscle excitation changes 
as the point of recording moves away from 
the site of earliest activity at the sinus node 
(A). The wave form was primarily negative 
at the site of origin and developed a positive 
leading edge to eventually become biphasic 
for recording sites away from the sulcus 
terminalis out on the atrial free wall (A-D). 
A similar progression occurred for recording 
sites that were progressively farther up the 
superior vena cava (a-e). Note that the ac- 
tivity occurs latest at the top of the superior 
vena cava (h) where the small rapid deflec- 
tion due to excitation of the terminating atrial 
muscle was a uniphasic and positive wave 
form typical of a terminating excitation wave. 
On the right pulmonary veins (x, y, z), the 
amplitude of the deflection due to local mus- 
cle excitation (indicated by the arrow) was 
smaller at most points than on the superior 
vena cava or right atrium. The location of 
each wave form shown in A is indicated by 
the corresponding letter in B on the outline 
of the atrium and cardiac veins. 


al free wall, and the other propagating in the oppo- 
site direction in the right pulmonary veins. Detailed 
measurements of the potentials recorded at many 
sites in the area indicated by the flat rectangle in 
Figure 6 (I) were made according to a method pre- 
viously described for the superior vena cava.2? This 
method allows one to record from numerous sites, 
store the data on magnetic tapes and later process 
the recorded data by a digital computer to select the 
voltage values at each site for a single instant in 
time. The result is a 3-dimensional graph of the po- 
tential distribution on the epicardium (Fig. 6, II). 
Note that the peak to peak amplitude and the length 
of the leading and trailing edges of the excitation 
wave of the atrial free wall are much greater than 
the amplitude and length of the leading and trailing 
edges of the wave forms produced by currents from 
the cardiac muscle of the right pulmonary vein. One 
probable reason for this difference is that the thick- 
ness of cardiac muscle in the pulmonary veins is less 
than that in the right atrial free wall. As a conse- 
quence of the excitation wave in the atrial free wall, 
a negative potential occurs in the region of the right 
pulmonary veins. Superimposed on this negative po- 
tential are the potentials generated by excitation of 
the right pulmonary veins. This superposition of ef- 
fect is the basis for the wave form shapes that occur 
at multiple venous sites in the patients and in the 
dogs. The superposition of the wave forms with dif- 
ferent peak to peak amplitudes cannot be under- 
stood in terms of isochronal lines which, by defini- 
tion, contain no information about relative am- 
plitudes. 
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Structural and Embryologic Studies 


Histologic study of dog veins: We made histolo- 
gic sections of the veins of the dogs studied and 
found that cardiac muscle extended from the atria as 
far as we had been able to record cardiac electrical 
activity in the cardiac veins. That this was indeed 
cardiac muscle was confirmed by ultrastructural 
studies. The superior vena cava and pulmonary veins 
of 2 adult dogs were isolated during operation. They 
were rinsed free of blood by perfusion with 0.2 M so- 
dium cacodylate buffer, and fixed in situ by perfu- 
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FIGURE 6. Explanation of wave forms that occur in cardiac 
veins. The data were recorded in an open chest dog and depict 
the position of cardiac excitation waves at a single time instant 
(28 msec after the onset of atrial excitation). The isochronal 
line method was used in I to depict the position of the excitation 
wave in the right atrial free wall (A) and the wave simulta- 
neously present in the right pulmonary veins (P). The potential 
distribution within the rectangle in I is shown in II. 
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FIGURE 7. Cardiac muscle from the superior vena cava of an 
adult dog. Well defined sarcomeres are present and an interca- 
lated disk (ID) is shown, with a nexus (N) nearby on the lateral 
cell border. Within the wall of the superior vena caval myofibers 
with transverse tubules (T) (shown in inset) are present as well 
as fibers lacking transverse tubules. Membrane-enclosed dense 
granules (DG) are noted frequently. Similar dense granules 
have been described as a prominent feature in atrial myofibers 
of the dog and other mammals, but are thought, in contrast, to 
be extremely rare in mammalian ventricular cardiac muscle. E 
extracellular space; M mitochondria; X artifact. 
(X12250, inset X 4500, reduced by 33 percent.) 


sion with 3 percent glutaraldehyde in the same buff- 
er at room temperature and pH 7.2-7.4. Small sam- 
ples for study were dissected from the wall of the su- 
perior vena cava at a point half-way between the 
azygous vein and the top of the superior vena cava 
and from the wall of the right superior pulmonary 
vein just beyond the pericardial reflection. Further 
tissue processing and microscopic studies were ac- 
complished by methods previously described.23 Sam- 
ples of the wall of the superior vena cava (Fig. 7) and 
right superior pulmonary vein (Fig. 8) revealed typi- 
cal cardiac myofibers with well-defined sarcomeres 
and intercalated disks. These findings in the dog are 
similar to those in the pulmonary veins of the 
mouse® and rat.?4 Nexuses were frequently visible. 
Myofibers both with and without transverse tubules 
were present (Fig. 7), as has also been reported in 
descriptions of adult atrial cardiac muscle.25-27 Net- 
works of the sarcoplasmic reticulum including cou- 
plings?® and Z tubules?® were readily identified. Of 
special interest was the presence of membrane-en- 
closed dense granules in fibers of both the superior 
vena cava (Fig. 7) and pulmonary veins. In the 
mammalian heart, these dense granules are essen- 
tially confined to atrial cardiac muscle,3°:31 and 
their frequent presence within the cardiac muscle of 
the superior vena cava and the pulmonary veins es- 
tablishes the homology øf this muscle to that of the 
atrium. 

Human embryo studies: An interesting question 
is what the origin is of the cardiac muscle found in 
human thoracic veins. The fact that in the dog, a 
lower species, cardiac muscle projects further into 
the veins, especially the superior vena cava, than in 
man suggests the possibility that venous cuffs of car- 
diac muscle are relatively longer in human embryos 
than in children and adults. Nathan and Eliakim” 
noted that it is not known whether venous myocar- 
dial muscle results from the differentiation of the 
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FIGURE 8. Cardiac muscle from the right superior pulmonary 
vein of an adult dog. The cardiac muscle within the wall of the 
pulmonary vein resembles that of the superior vena cava. Again 
fibers with and without transverse tubules are present. Mem- 
brane-enclosed dense granules (DG) are seen frequently, espe- 
cially near Golgi complexes (see inset). The presence of these 
dense granules within myofibers of the superior vena cava and 
pulmonary vein establishes the homology of the cardiac muscle 
within these veins to that of the atrium. C = collagen; E = 
extracellular space; ID = intercalated disk; M = mitochondria; 
Z = Z line. (X11,000, inset X 19,000, reduced by 33 percent.) 


mesodermal tissue around the venous wall or from 
invasion from muscle fibers of epimyocardial mantle 
origin. To gain insight into this developmental ques- 
tion, we performed serial sections in 8 human em- 
bryos and fetuses to determine if cardiac muscle was 
present early in the thoracic veins and, if so, to what 
extent it projected away from the embryonic atrial 
region. The stages of development ranged from a 
crown-rump length of 27 mm (9 weeks) to a length of 
160 mm (20 weeks).3? The film method of Pickett 
and Sommer? was used to make sections every Tu 
from the neck region to the lower trunk. We also per- 
formed histologic studies of the pulmonary veins of 3 
patients who had died of total anomalous pulmonary 
venous drainage into the left subclavian vein, a con- 
dition caused by failure of the early pulmonary vein 
anlage to make contact with cardiac muscle.?4 

Figure 9 shows a section of the superior vena cava 
in an embryo aged 15 weeks (crown-rump length 97 
mm). The section shown in Figure 9A was taken just 
beneath the origin of the azygous vein and shows 
that cardiac muscle extends near the top of the su- 
perior vena cava to a position as high as in the dog 
and much higher than found in any of the children 
or adults studied at operation. The same findings 
were present in 5 other embryos that were less than 
16 weeks of age. Figure 10 shows cardiac muscle in 
the pulmonary veins of the same embryo extending 
well into the embryonic lung (Figure 10A). Like the 
superior vena cava, the pulmonary veins of the em- 
bryos demonstrated cardiac muscle to extend for 
greater distances from the heart than was found in 
the electrical studies of the patients’ right pulmo- 
nary veins. 

In the 3 patients with total anomalous pulmonary 
venous drainage, extensive serial sectioning of the 
separate pulmonary veins, the venous channel be- 
hind the atria and the left vertical vein showed no 
cardiac muscle. This finding, coupled with the re- 
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FIGURE 9. Cardiac muscle extending to 
the upper superior vena cava in a human 
embryo at 15 weeks of age. The section in A 
was made high in the superior vena cava 
just beneath the position of the azygous vein. 
It shows cardiac muscle on the inner third of 
the wall (dark material). In all embryos, the 
extension of cardiac muscle was more 
prominent on the medial than the lateral side 
of the superior vena cava. The right atrial 
appendage (A) is anterior to the superior 
vena cava at this early embryonic stage, and 
the circular structure to the right of the su- 
perior vena cava is the phrenic nerve. The 
section in B is that of the junctional region of 
the superior vena cava and the right atrium. 
Note that the cardiac muscle at this level of 
the superior vena cava is much more exten- 
sive than that at the upper level. The antero- 
posterior diameter of the lumen of the supe- 
rior vena cava in Ais 750#. 


sults of studies in human embryos, suggests that car- 
diac muscle in human pulmonary veins is due to ex- 
tension of embryonic cardiac muscle from cardiac 
anlage rather than differentiation of cardiac muscle 
from mesodermal tissue around the venous wall. 

_ Auer®> concluded from his studies of human em- 
bryos with a crown-rump length of 4 to 6 mm that 
the precursor of the pulmonary vein was a cranial 
evagination from the sinus venosus and that persis- 
tence of an inferior evagination from the early at- 
rium was related to persistent anomalous pulmonary 
veins. He considered his results to clarify the long- 
standing controversy over whether the pulmonary 
vein arises from the sinus venosus or from the atri- 
um; in normal development it definitely arises from 
the sinus venosus. The right sinus horn leads to the 
development of the proximal superior vena cava, and 


FIGURE 10. Cardiac muscle extension into 
upper and lower right pulmonary veins in a 
15 week old human embryo. Cardiac muscle 
extended much further into the right pulmo- 
nary veins of the embryo than was the case 
in patients studied at operation. This is illus- 
trated in A in the right upper pulmonary vein 
of the same 15 week old embryo shown in 
Figure 9. Note that cardiac muscle extends 
into the vein (V) to a level where the veins 
are well into the lung tissue (L). At opera- 
tion, none of the patients showed evidence 
of cardiac excitation to a point in lung tissue. 
The right lower pulmonary vein in B illus- 
trates the considerable extension of muscle 
past the pulmonary venous-atrial junction. 





the left sinus horn is the anlage of the coronary sinus 
and coronary vein. Since our ultrastructural studies 
showed that cardiac muscle of the superior vena cava 
and pulmonary veins contains specific atrial gran- 
ules, it is likely that all of the thoracic veins contain- 
ing cardiac muscle have their origin from the sinus 
venosus. 


Arrhythmias 


At operation, 3 patients had atrial tachyarrhyth- 
mias throughout the measuring procedure. Two had 
atrial tachycardia, and 1 had an unusual differential 
atrial arrhythmia.*® 

The right atrial excitation sequence for 1 patient 
with atrial tachycardia is shown in Figure 11. The 
mapping sequence required 20 minutes and was de- 
rived from 30 points over the right atrial free wall 
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FIGURE 11. Right atrial excitation sequence in a 7 year old 
girl with atrial tachycardia and a secundum atrial defect. The 
supraventricular tachycardia (rate 185 beats/min) began just 
after the chest was opened. It remained at a stable rate for 40 
minutes, during which time electrograms were recorded from 30 
positions over the right atrial and superior vena caval area indi- 
cated. The criteria for categorizing this arrhythmia as supraven- 
tricular tachycardia included: (1) lack of change in QRS dura- 
tion and shape before, during and after tachycardia; (2) occur- 
rence of atrial activation:approximately 45 msec after the QRS 
interval; and (3) the abrupt onset and termination of the tachy- 
cardia. 














right atrium. 

















FIGURE 13. Documentation 


differential atrial arrhythmia in pa- 
tient whose electrocardiogram is 
shown in Figure 12. Right atrial 
tachycardia is shown in the superi- 
or vena caval (SVC) electrogram 
(rate: 210 beats/min) while simul- 
taneously the electrogram from the 
right pulmonary vein (PV) shows 
fibrillation. Recordings from other 
sites indicated that a similar differ- 
ence in rhythm was recorded from 
the right atrium and left atrium. 
These data not only show the dif- 
ferential arrhythmia’ but also doc- 
ument that the cardiac veins have 
the rhythm of the atrium to which 
they are connected. Left panel re- 
corded at a paper speed of 25 
mm/sec, right panel at 50 mm/ 


| sec 


sec. 
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FIGURE 12. Preoperative electrocardio- 
gram in an adult with mitral stenosis. The 
electrocardiogram preoperatively was con- 
sidered typical for auricular fibrillation. Note 
the periodic undulations of the baseline in 
lead V;, the body surface lead closest to the 





and adjacent. venous regions. Throughout the mea- 
surements, the reference leads showed no change in 
nfiguration. of the P waves, which occurred 45 
msec after the end of the QRS complex with each 
beat. This sequence shows that 2 excitation waves 
approached one another from the upper and lower 
regions of the sulcus terminalis and collided in the 
- middle of the right atrium. A similar pattern was re- 
= corded in another child who had atrial tachycardia 

during inducement of anesthesia. 
-Inman adult undergoing operation for mitral steno- 
sis, the preoperative electrocardiogram was believed 
to show atrial fibrillation (Fig. 12). However, regular 
periodic atrial excitation is suggested in lead V1 by 

_ the more prominent periodic undulations of the base 
liner At operation, the direct epicardial recordings 
revealed an unusual differential atrial arrhythmia, 
“previously cited by Nelson et al.?6 There was right 
atrial tachycardia (rate 210 beats/min) and left atri- 
al fibrillation. Figure 13 shows measurements ob- 
tained simultaneously from the superior vena cava 
and right pulmonary veins and demonstrates that 
the respective veins participated in this differential 
arrhythmia. 
































; Discussion 

<e The manner in which excitation waves spread into 
-= the cardiac muscle of the superior vena cava has rel- 
‘evance to the circus-movement theory of atrial flut- 
ter as originally proposed by Lewis et al.1* They con- 
luded that atrial flutter is due to circus movement 
mpulses around the orifices of one or both venae 
vae. Rosenbleuth and Garcia Ramos?’ pointed out 
that the obstacle should have an effective perimeter 
ong enough to contain the wave represented by the 
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impulse, so that the front of this wave always finds- 
nonrefractory tissue ahead. They challenged thë: 
theory of Lewis et al. of the vena caval obstacle since. 
they had great difficulty in initiating 1-way flutter in 


‘normal atria even though a “one- way impulse may 


meet one of the cavae end-on.’ 

Our studies in both human beings and dogs indi 
cate that because the superior vena cava and pulmo 
nary veins contain cardiac muscle, it is extremely 
difficult to conceive of the required transient obst 
cle both in the cardiac’ muscle extending into th 
veins and in the adjacent atrium’ that is necessary to 
produce excitation waves that propagate in only one. 
direction around the entire venous perimeter. Rath 
er, excitation waves from any. direction propagate. 
both ways around the orifice to excite adjacent atrial 
tissue and thereby rapidly merge or collide to render. 
quickly all tissue refractory in these regions. © o 

In 1967 we attempted to perform cardiac cathete: 
ization from the right arm in a child with Ebstein’ 
disease. Multiple premature atrial beats occurred on 
each attempt to pass the tip of the catheter from the 
subclavian vein to the upper portion of the superio 
vena cava, a location far above the upper limit of th 
atrial shadow. In fact, we were unable to pass the 
catheter down through the superior vena. cava be: 
cause with each attempt to pass the tip down thi 
upper region of this vein intractable atrial premature 
beats were generated. One explanation for this ent 








a congenital abnormality with the persistence 

diac muscle in the superior vena cava to as hi 
level as found in normal human embryos and i m dogs. 
but not in normal children and adults. 
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A radionuclide method is described for determination of chamber to 
chamber cardiac transit times using only an intravenous injection. 
Using the Digital Autofluoroscope, counts of radioactivity from each 
square centimeter over the precordium were recorded onto. comput 
er tape at 0.23 second intervals after intravenous injection. of 10 mil- 
licuries of 9°™technetium pertechnetate. Computer analysis: o 
grouped detector units with similar time responses into ‘areas | 
sponding to discrete cardiac regions. From the resulting ‘indicator. 
dilution curves, appearance, peak and mean transit times were. cal- 
culated for each cardiac region. Studies were obtained in 10 norma 
subjects, 14 patients with cardiac septal defects and left to right 
shunting and 20 patients with valvular stenosis or insufficiency. 
Among the latter patients, 8 had mitral stenosis: and & had aortic 
insufficiency. 

Patients with a left to right shunt greater than 15. percent consi 
tently demonstrated rapid pulmonary transit of tracer. In addition, 
specific abnormalities of curve configuration occurred in: patie 
with a shunt greater than 30 percent. Transit times from ti 
atrium to left ventricle averaged 9.2 + 1.2 seconds in no! 
subjects, 13.3 + 2.2 seconds in patients with. mitral stenosi and 
14.6 + 2.8 seconds in patients with aortic insufficiency. Pul monary. 
mean transit time was 6.6 + 1.1 seconds in normal patients, 9.2 + 
1.7 seconds in those with mitral stenosis and 11.7 + 3.1 seconds in 
those with aortic insufficiency. Pulmonary blood volume was 362 
ccm? in patients with mitral stenosis and 508 cc/m? in those with 
aortic insufficiency. These data suggest that pulmonary mean transit 
time was prolonged primarily by decreased cardiac output in mitral 
stenosis and by increased pulmonary blood volume in aortic insuffi- 
ciency. The simple technique described consistently provided hemo- 
dynamic data that appear to be useful for diagnosis anc manage- — 
ment of cardiac diseases. 


A method for assessing cardiac function without cardiac cathéteriza- 
tion, arterial blood sampling or hospitalization would aid the objec- 
tive management of many cardiac disorders. Several early attempts _ 
to determine the velocity of blood flow in vessels used the rate of 
movement of a radioactive indicator measured by instruments exter- 
nal to the body. Subsequent studies have demonstrated the feasibili- 
ty of using radionuclides for determination of cardiac output, intra- 
cardiac shunt flow, central blood transit times and central blood vol- 
umes. However, radionuclide methods that permit hemodynamic 
measurements related to known cardiac regions require cardiac 
catheterization and therefore have not found widespread clinical use. 

The recent. development of instruments for rapidly quantitatir 
changes in radioactivity in small regions over the precordium per- 
mits anatomically: oriented measurement of radionuclide passage 
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“FIGURE 1. Anatomic resolution obtained by computer identifi- 
cation of the time response of each detector is illustrated by 
data from:a 5 year old patient with a ventricular septal defect 
and a 30-percent left to right shunt. Each time unit represents 
0.23 second. A, the time of maximum of the primary component 
curve delineates. cardiac regions. Spatial resolution achieved is 
weil illustrated by separation of the right ventricle (RV) from the 
right Jung (RL), left ventricle (LV), and liver and by separation of 
the pulmonary artery (PA) and aortic arch (AO). B, the time of 
maximum of secondary data contributed to each detector from 
adjacent anatomic areas further defines cardiac chambers. De- 
ectors along the cardiac septum (dotted lines) record primary 
data trom the: right or left side of the heart and secondary data 
: from the other. 


hrough ‘the Sentral circulation. This study describes 
a simple method utilizing radionuclides for determi- 
nation of chamber to chamber cardiac transit times 
‘that requires only a single intravenous injection. Lit- 
tle risk or discomfort is associated with this proce- 
dure, which appears to be well suited for repeated 
_determinations of cardiae funetion i in patients.. 
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Methods 


‘Radionuclide aRijocendioararas’ were obtained in 10-nor- 
mal subjects during injection for brain scan. History and 
physical examination ‘identified no cardiac disease in 
these subjects, who. ranged in age from. 18 to’ 63. years... 
(mean 42 years). A group of 14 patients with cardiac sep-. 
tal defects and left to right intracardiac shunts were stud- 
ied. Ventricular septal defects were present in:8 patients, 
and atrial septal defects in 6 patients. The mean age of 
this group was 18 years (range 2 to 63 years). A second 
group studied consisted of 20 patients with valvular heart 
disease (mean age 47 years, range 18 to 66 years). This 
group included 8 patients with mitral stenosis and 8 pa- 
tients with aortic insufficiency who had no other signifi-. 
cant valvular heart disease. Complete cardiac catheteriza- 
tion confirmed the diagnosis of cardiac disease in all pa- 
tients, and cardiac output and shunt flow were deter- 
mined by the Fick method. 

Radionuclide angiocardiograms were obtained soon after 
cardiac catheterization with use of the Digital Autofluo-_ 
roscope (Baird-Atomic, Bedford, Mass).1 The detector of. 
this instrument is a matrix of 294 sodium iodide crystals = 
each with a 1 cm square front surface, arranged in a 14: by. * 
21 array. A 2.5 cm thick lead collimator was used with |. 
square holes centered over each crystal with 0.65 cm sides: | 
on the crystal aspect and 0.55 cm orifices toward the pa- ~ 
tient. Counts from each detector were accumulated at 0.2 
second intervals during study, and an additional 0.03 sec- < 
ond delay was required to record data onto computer > 
tape. Therefore, each 0.2 second counting interval began 
0.23 second after the preceding one. The detector was po 
sitioned in contact with the chest directly anterior to the ` 
precordium of resting, supine patients. A 10 millicurie ae 
(mCi) bolus of ®°™T'c pertechnetate (or 0.3 mCi/kg in 
children) in a volume less than 2 cc was rapidly injected 
into a large arm vein through a 19 gauge needle. Patients 
with an indwelling intravenous catheter at time of. stud: 
received injections through the catheter with an immec 
ate flush of saline solution. Studies were completed in less 
than 5 minutes and were well tolerated by all patients. 

An IBM 360/75 computer provided necessary data ma- 
nipulation. Data distortion caused by lack of uniform de- 
tector response and by electronic dead-time count. loss was 
corrected by previously described techniques.? Initial data 
analysis performed after these corrections delineated .de- 
tector units corresponding to discrete cardiac regions. by © 
computer identification of the time response of each de- 
tector. Data from each of the 294 detector units were sep 
arately smoothed by Fourier analysis by use.of a compute 
program that selected the number of frequencies provid- — 
ing optimal smoothing with the least data distortion. The - 
geometric configuration of the heart suggested that each 
detector might receive counts from as many as 3 anatomic >. 
regions. The time of maximum of 3 component curves: <. 
from each of 294 detector units. was printed in matrix — 
form. Recognition of the time of peak radioactivity of the. > 
primary component ‘permitted grouping of detector units - 
with similar time responses. Delineation of cardiac cha 
bers was further aided by the time of maximum of | 
second component curve which separated counts arising in 
adjacent anatomic regions. 

Appearance and transit times: Total counts for each 
accumulation interval of the study were obtained from 

























< detector: groups. corresponding to the right atrium, right 


ventricle, pulmonary artery, right ‘and left lungs, left atri- 
um; left ventricle and aortic arch. ‘The resulting indica- 









tor-dilution curves. permitted calculation of appearance, a 


peak and mean transit times. Appearance of radioactivity 


in the right heart chambers was recognized by a sudden.. 





increase in count at least 2 times greater than background 

els. Appearance times in the left heart chambers were 
ess discrete because of residual’ background radioactivity 
in the right. side of. the heart. However, the onset of in- 
cremental count fluctuations caused by cardiac contrac- 
tion provided a consistent index of left heart appearance 
mes. The time of maximal radioactivity in each cardiac 
chamber was readily identified. Semilogarithmic extrapo- 
_ lation of each curve permitted calculation of mean transit 

_ time by the following relation: 




























Mean transit time = (sum of counts x time) / 
: sum of counts 


Mean transit time values depend upon the rate of blood 
and the volume of blood included between the sites 
asurement. The site of injection and the configura- 
tion of tracer bolus influence mean transit times of ob- 
erved data from cardiac regions. Injection directly into 
the vena cava causes a shorter observed mean transit time 
ugh the central circulation than injection into a pe- 
ripheral vein. However, the mean transit time between 
points within the circulation remains independent of these 
variables and can be determined by the difference in 
mean transit times of data observed from individual 
areas. A convenient. normalization of observed mean 
. transit times among patients results from subtraetion of 
the observed mean transit time to the right atrium from 
< the mean transit times to other cardiac chambers to re- 
ove variation caused by injection timing and by the dif- 
t blood volumes between the injection site end the 
atrium. In these studies, the difference in mean 
t time values of the main pulmonary artery and the 
t atrium provided the pulmonary mean transit time. 
bsolute pulmonary blood volumes were calculated by 
cardiac output in cubic centimeters per second multiplied 
by pulmonary mean transit time in seconds. The eardiac 
index multipled by the pulmonary mean transit time ex- 
















































pressed puliasbary blood volume ii in Cubic conttiiicters per = 
square meter, : 


‘Results 


Grouping of detector units with. similar fluctuation 
of radioactivity permitted recognition of discrete car- 
diac areas in all patients studied, Radionuclide an- 
giocardiographic data in a young child with a ven- 
tricular septal defect illustrates a typical study | 
1). The time of maximum of the primary and secon 
dary component curves determined for each de 
unit depicts the flow of radioactivity over the det 
tor field. Timing of the passage of tracer bolus 
through the central circulation by the primary com- 
ponent permits recognition of anatomic regions with 
sufficient definition to identify the right and left 
heart chambers and to separate the aortic arch and 
pulmonary outflow tract. The time of maximum of 
the second component curve for each data point fur- 
ther enhances anatomic resolution. Along the cardiac. 
septum, secondary curve components are identified 
within the primary right heart region which contain 
left heart counts, and a zone of detector units within 
the left heart chambers demonstrates a secon dary : 
component with a time of maximum that corre- 
sponds to the right heart peak time. In addition, the 
aortic arch region contains a secondary. component 
radioactivity arising from the pulmonary outflo 
tract, and the pulmonary outflow tract contains 
ondary counts with a time of maximum sugges in 
origin from the aortic arch. : 

Characteristic curves from cardiac regions ou 
by the time course of radioactivity in a n 
subject demonstrated sharp appearance and. passage 
of the radionuclide bolus through the right hear 
chambers (Fig. 2). Superimposition of counts from 
the pulmonary artery and left atrium produced bi- 
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FIGURE 2. Radionuclide angiocardiogram 
demonstrates. curves typical: -for normal 
subjects: Biphasic curves are recorded from 
ions superimposed anatomically, such as 
‘pulmonary artery and left. atrium, but 
: curves retain. sufficient “definition to 
: Pparation into 2 components. Time 
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phasic curves from these regions. Radioactivity from 
the pulmonary outflow tract was also included in 
data from the aortic arch. However, components of 
these complex curves were sufficiently defined to 
permit separation by extrapolation for calculations 
of transit time. Incremental passage of tracer 
through the heart was particularly apparent in data 
from the left ventricle by fluctuations of count with 
systole and diastole. 

Normal subjects: The 10 normal subjects dem- 
onstrated a similar time of radionuclide transit 
through the central circulation (Fig. 3). Tracer 
passed through adjoining cardiac chambers with lit- 
tle delay. Radionuclide appeared in the left atrium 
5.1 seconds after appearance in the right atrium. 
Mean transit times observed in data from the right 
atrium and ventricle were less than appearance 
times in the left heart chambers, and this low residu- 
al radioactivity within the right heart chambers en- 
hanced the accuracy of data obtained from the left 
chambers. Use of similar injection techniques in 
these 10 subjects produced observed cardiac cham- 
ber mean transit times with standard deviations 
ranging from 0.5 to 1.6 seconds. In these 10 normal 
subjects, mean transit time from the right atrium to 


23i+.48 B 





FIGURE 3. Blood transit through the cen- 
tral circulation is summarized for 10 normal 
subjects. A, appearance times demonstrate 
little delay in appearance between adjoining 
cardiac chambers. Delay in appearance oc- 
curs between the right ventricle and left atri- 
um because of pulmonary transit of blood. 
B, peak times provide an assessment of 
blood transit which can be obtained with lit- 
tle calculation. C, mean transit times provide 
the most reproducible index of blood transit. 


the left ventricle averaged 9.2 + 1.2 second and pul- 
monary mean transit time averaged 6.6 + 1.1 sec- 
ond. In normal subjects, the radionuclide bolus re- 
tained a rather constant configuration during pas- 
sage through the central circulation, and peak times 
demonstrated a consistent relation to mean transit 
times. Peak times offer a simple index of blood 
transit but prove less reliable for measurement of 
blood flow in patients with cardiac disease than 
mean transit times, which are influenced less by al- 
teration of bolus configuration. 

Left and right shunts: Radionuclide angiocardio- 
grams in patients with septal defects and left to 
right shunting demonstrated 3 abnormal features. 
Initial radionuclide appearance in the right heart 
chambers was followed by a reappearance of tracer 
in the right heart region immediately after appear- 
ance in the left heart chambers (Fig. 4). This central 
mixing of blood with early recirculation of indicator 
produced curves with high residual radioactivity in 
cardiac chambers distal to the defect. These 2 abnor- 
malities were observed in curves from all 10 of the 14 
patients with septal defects who had left to right 
shunts greater than 30 percent. In 4 patients with 
small shunts, reappearance of tracer in the right 
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‘FIGURE 4. Radionuclide angiocardiogram 
in a patient with an atrial septal defect and a 
65 percent shunt demonstrates characteris- 
tic abnormalities in patients with left to right 
shunts. Initial passage of isotope through the 
right side of the heart is followed by a sub- 
sequent increase in radioactivity in these 
chambers soon after isotope appearance in 
the left heart chambers. High background 
radioactivity in the heart and lungs represent 
a second abnormal finding which results 
from central mixing of blood. The most spe- 
cific finding in left to right shunts is rapid 
pulmonary transit and early appearance of 
isotope in the left heart chambers. A = ap- 
pearance time, P = peak time. 


Counts 


heart chambers was not consistently separated from 
background radioactivity remaining in these cham- 
bers. All patients with left to right shunting greater 
than 10 percent demonstrated early appearance of 
tracer in the left side of the heart associated with 
rapid pulmonary blood transit (Table I). Central 
mixing of radionuclide in patients with intracardiac 
shunting limited accurate calculation of pulmonary 
mean transit time. However, pulmonary transit time 
in these patients was approximated by the time be- 
tween peak pulmonary arterial and peak left atrial 
counts. Pulmonary transit times in the 10 normal 
subjects agreed closely when calculated by time of 
pulmonary arterial peak to left atrial peak (6.69 sec- 
onds) and by mean transit times of the 2 regions 
(6.58 second). This observation suggested that the 
time separating peak pulmonary arterial and peak 
left atrial counts provided a reasonable estimation of 
pulmonary transit time in patients in whom central 
recirculation of tracer prohibits determinations of 
mean transit time. Three patients with left to right 
shunts of less than 10 percent of the pulmonary 
blood flow demonstrated an average pulmonary 


TABLE | 
Blood Transit Times in 14 Patients with Atrial or Ventricular 
Septal Defect and Left to Right Shunting 


Pulmonary Arterial Peak 
to Left Atrial Peak (sec) 





Patients Shunt Flow 
(no.) (%) Mean Range 
10 Normal 6.6 5,5-7.7 
3 <10 4.4 3.5-6.4 
7 15-50 Bah, 2.1-3.2 
4 >50 22 1.8-2.3 





Seconds 


transit time of 4.4 seconds calculated by the time of 
peak counts in the pulmonary artery and left atrium. 
The wide range of values of these 3 observations in- 
cluded normal values, thus suggesting that further 
observations would probably not identify a statisti- 
cally significant ‘difference from normal. However, in 
11 patients with shunts greater than 15 percent, the 
pulmonary transit time was significantly less than 
normal. Moreover, patients with larger shunts dem- 
onstrated the more rapid pulmonary transit times. 

Data obtained in a patient before and after surgi- 
cal closure of a large atrial septal defect demon- 
strated early appearance of isotope in the left heart 
chambers resulting from rapid pulmonary blood 
transit (Fig. 5). Pulmonary blood flow, determined 
by the Fick method, was 24 liters/min, and appear- 
ance time in the left atrium was 0.92 second. Also, 
tracer appeared abnormally early in the aortic arch 
because of the rapid introduction of radionuclide 
into the left heart chambers by increased pulmonary 
blood flow. A radionuclide angiocardiogram repeated 
after surgical closure of the large atrial septal defect 
demonstrated normal appearance times in the left 
heart chambers. Mean transit times remain pro- 
longed because of residual massive cardiac dilata- 
tion. 

Valvular lesions: A radionuclide angiocardio- 
gram in a patient with moderate insufficiency of a 
prosthetic mitral valve illustrates findings typical of 
valvular disorders (Fig. 6). Appearance of isotope in 
cardiac chambers proximal to insufficient valves fre- 
quently remained normal or only slightly delayed. 
However, mean transit times through these cham- 
bers were consistently prolonged. In addition, irregu- 
lar fluctuations of radioactivity commonly occurred 
in data recorded from chambers proximal to insuffi- 
cient valves. Cardiac valvular stenosis consistently 
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prolonged both the appearance and mean transit 
time distal to the stenotic valve. Average appearance 
time in the left ventricle was 9.7 seconds in 8 pa- 
tients with mitral stenosis compared to 7.6 seconds 
in 8 patients with aortic insufficiency and 5.7 sec- 
onds in the 10 normal subjects. 

Cardiac chamber mean transit times in 8 patients 
with mitral valvular stenosis are summarized in 
Table IIA. Calculations of mitral valve area from 
cardiac catheterization data showed a range of steno- 


Counts 


foe 

Left Ventricle 
A-6.0 
M-144 





10 20 30 
Seconds 

FIGURE 6. Radionuclide angiocardiogram of-a patient with 
insufficiency of a prosthetic mitral valve demonstrates normal 
appearance of isotope but a prolonged mean transit through the 
chamber proximal to the insufficient valve. An irregular pattern 
of isotope passage about the insufficient valve suggests delay in 


forward motion of the blood. M = mean transit time. 
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FIGURE 5. Radionuclide angiocardiographic 
data obtained before (A) and after (B) surgi- 
cal closure of a large atrial septal defect in a 
patient with a pulmonary to systemic blood 
flow ratio of 24 to 2.7 liters/min. In the 
preoperative study, rapid appearance of 
tracer occurs in the left atrium and aortic 
arch because of rapid pulmonary transit. The 
only abnormality remaining in the postopera- 
tive study is prolonged mean transit times 
through the massively dilated cardiac cham- 
bers. 


5 20 2 30 


sis from 0.6 to 1.9 cm2. Cardiac output measured by 
Fick determination ranged from 3.0 to 5.7 liters /min. 
Transit times were prolonged in all cardiac cham- 
bers, and the mean transit time from the right atri- 
um to left ventricle averaged 13.34 + 2.18 seconds 
in these patients compared to 9.2 + 1.2 seconds in 


normal subjects. Pulmonary mean transit times 


ranged from 9.23 to 11.35 seconds in patients with 
mitral stenosis except for a single determination of 
5.41 seconds in a patient with minimal stenosis. The 
mean value of these observations in all patients of 
the group was 9.24 + 1.71 seconds. Prolongation of 
transit times in these patients appeared to result 
from decreased cardiac output, and pulmonary blood 
volume remained normal in most patients (average 
value of 362 cc /m?). 

Cardiac mean transit times in 8 patients with aor- 
tic valvular insufficiency are summarized in Table 
IIB. In all patients, insufficiency was moderate to se- 
vere, and the hemodynamic status of these patients 
judged clinically varied more than that of the group 
of patients with mitral stenosis. Greater variation 
also occurred in transit time determinations in these 
patients. Transit times from the right atrium to the 
left ventricle averaged 14.64 seconds. Pulmonary 
mean transit times ranged from 6.57 to 16.27 seconds 
(mean 11.16 seconds). Increased pulmonary blood 
volume (average 508 + 148 cc/m?) appeared to be 
the primary cause of delayed pulmonary transit. 

The technique described appeared to provide ac- 
curate measurement of cardiac chamber to chamber 
transit times, which permitted calculation of central 
blood volumes. The usefulness of these variables in 
management of patients with cardiac disease might 
be enhanced by serial determinations in individual 
patients during therapy or after operation. Radionu- 
clide angiocardiograms were obtained before and 
after cardiac valve replacement in selected patients 
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: TABLE II 
Mean Transit Times in Patients v with Valvular Disease 





Mean Transit Times (sec) 





co “or RA RV PA Lung LA LV Pulmonary (cc) (co/ms)_ 


A. Eight Patients with Mitral Stenosis 


4.9 2.4 0 1.25 2.05 4.82 7.46 10.19 5.41 442 216 
4.3 2.2 0 0.55 4.12 6.92 13.35 16.18 9.23 662 338 
5.7 4.4 0 0.93 1.52 4.08 11.19 12.64 9.67 904 709 
3.4 1.9 0 0.53 3.98 5.78 15.33 15.80 11.35 644 359 
3.8 2.1 0 1.45 4.88 9.48 14.30 14.54 9.42 591 330 
4.3 2.2 0 0.50 1.84 4.30 11.13 11.47 9.29 664 340 
3.1 1.8 0 0.69 2.39 4,54 11.00 11.65 9.26 479 278 
3.0 1.9 0 0.60 4.25 14.53 14.26 10.28 513 325 
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= cardiac index (liters/min per m2); CO = cardiac output (liters/min); LA = left atrium; LV = left ventricle; PA = pulmoni 
artery; RA = right atrium; RV = right ventricle. ie e 





assess application for documentation of surgical limited routine application of these techniques. Re- 
ults. A study in a patient with aortic stenosis and finement of instrumentation for rapid. imaging and 
calculated aortic valve area of 0.6 cm? demon- quantitation of radioactivity over a large area has re 
‘ated a mean transit time from the right atrium to newed interest in radionuclide: angiocardiography 
ventricle approximately twice normal (Fig. 7). Initial studies with these camera-like detectors pro 
The study 1 week after aortic valve replacement vided sequential pictorial display of the passage of 
howed essentially normal cardiac transit times. radionuclide through the heart.91! Other studies 
cee ; have quantitated regional changes in radioactivity 
Discussion over the heart. 12-14 : 
A series of studies of the linear velocity of blood The Digital Autofluoroscope was developed by 
low by Blumgart and Yens introduced the use of Bender!5 for dynamic quantitative radionuclide 

dioactive tracers in clinical cardiology in 1927. In studies. Methods described in this report do not de 
949, Prinzmetal et al. recorded passage of radioac- pend upon use of this instrument, and. the eae 
ivity through the heart using a Geiger counter and could be applied to other camera- 
alyzed quantitative differences produced by circu- quantitative data output: Collimé 
atory abnormalities. Use of a nondiffusable radioac- study provided a field of view apmrerima ely 
e tracer by Shipley et al.” permitted determina- square at-a 2 inch depth from the detector surf: 
n of Cardia aan without arterial blood sam- Smaller spatial separation of data would not be : 
pected to enhance the accuracy of studies because 
more discrete delineation of cardiac regions would he 
limited by heart movement. 

Preliminary studies evaluated | several injection 
techniques, and a risk injection through a larg 
needle or catheter positioned in a major antecubi 
vein proved to be. a nimple approach. which yield 
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of a patient with severe aortic stenosis be- 
fore (A) and after (B) valve replacement 
demonstrates delay in appearance and mean 
transit times proximal to the stenotic valve. 
The mean transit time from right atrium. to 
left ventricle is significantly prolonged. One 
week after valve replacement, there is much. 
more efficient flow through the left. heart 
chambers as indicated by mean transit times 
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“reproducible data. A poor injection was readily iden- 
tified by an irregular curve and a prolonged mean 
ransit time in the right atrium. Intravenous admin- 
istration of a 10 mCi dose of 9°™Tc pertechnetate im- 
poses. only about 0.12 rad of total body radiation be- 
ause of the short half-life of this radionuclide. +° In 
addition, common use of this agent for other studies 
n nuclear medicine insures widespread availability. 

Rapid return to a low background radioactivity level 
in lung data suggests that only a small portion of 
his diffusible tracer leaves the vascular space during 
a single transit through the central circulation. 

Moreover, 2 patients who received injections of 
99mTc-labeled albumin, which is a nondiffusible 
_tracer, demonstrated curves similar to those obtained 
by pertechnetate injection. 

The objective of this study was refinement of a 
method to obtain accurate counts of radioactivity 
from well delineated cardiac regions without cardiac 
catheterization. The approach for relating externally 
detected counts to. anatomic regions depends upon 
similar fluctuations in time of radioactivity mea- 
sured by each detector over a cardiac region. Suffi- 
‘cient mixing of the bolus occurs in cardiac chambers 
to permit all detectors over a given cardiac region to 
demonstrate a similar time response. Incremental 
passage of blood with cardiac contraction provides a 
‘measurable time delay in passage of blood through 
adjoining cardiac chambers. The lungs represent the 
major site of delay of blood transit through the cen- 
_ tral circulation and separation in time of appearance 
- of tracer in the right and left heart chambers de- 
“creases the amount of right heart radioactivity in- 
_ cluded in left heart data. This approach relating ex- 
ternally detected counts to anatomic regions provid- 
_ed data from cardiac regions in each patient with 
sufficient definition to ormi transit time calcula- 





near normal values, A = appearance time; 
M = mean transit time; P = peak time. 


Consistent results obtained in mean transit time” 
measurements in 10 normal subjects suggest an ac- 
ceptable reproducibility of the method. The pulmo- . 
nary mean transit time of 6.6 + 1.1 seconds in these _ 
normal subjects compares favorably with other re- — 
ported values. Eich and co-workers!” reported a pul- : 
monary mean transit time of 7.6 in 10 subjects stud- 
ied by external radioactivity detection with 2 indi- 
vidual probes. Other investigators!8-19 using radioac-. 


tive tracer injection and a single precordial detector — 


found normal pulmonary mean transit times ranging 
from 4.0 to 11.6 seconds. A carefully controlled study 
by Donato and colleagues??? using a single radi- 
onuclide detector documented a pulmonary mean 
transit time of 5.97 + 0.86 in 18 normal subjects. 
Cardiac output was not determined in the normal 
subjects of the present study. However, if the normal 
cardiac index of 3.4 is assumed for comparison, the 
average pulmonary blood volume of these subjects 
would be 373 cc/m?. A similar normal pulmonary . 
blood volume of 365 cc/m? was obtained by Milnor 
et al.23 using a dye-dilution method and simulta- 
neous left and right heart catheterization. : 
Findings in patients with septal defects: Slow 
disappearance of isotope from the central circulation | 
after intravenous injection has been described in pa- 
tients with left to right shunting in studies using a ` 
single precordial detector.24 Also, tracer appearance | 
in the lung soon after catheter injection of isotope 


into the left heart chamber with a septal defect has 


been demonstrated using separate detectors over the _ 
heart and lung.?5 In the present study, patients with 
large septal defects demonstrated reappearance of 
isotope in the right heart chambers shortly after left 
heart appearance, but shunts smaller than 30 per- 
cent could not be consistently detected by this — 
abnormality. In addition, slow return of curves to — 
base-line values associated with the central mixing of 








the blood in left to right shunting may prove difficult 
at times to separate from curve abnormalities caused 
; by slow injection. 
_. All patients with left to right shunts of a clinically 
significant degree demonstrated early left heart ap- 
pearance of tracer. The rapid right to left heart 
— transit in cardiac septal defects appeared to result 
_ from increased pulmonary blood flow. These data 
suggest that this technique may provide a method of 
- left to right shunt detection that requires only an in- 
c travenous injection. However, further data are neces- 
sary to delineate normal pulmonary transit times in 
children at various ages. Because of the frequency 
of septal defects in children, the group with these 
disorders had a younger mean age than the group of 
-normal subjects. Adults with septal defects also 
demonstrated rapid pulmonary transit times, thus 
suggesting that the latter results from increased pul- 
monary blood flow and is not related only to differ- 
nces in age distribution of the group. 
Findings in mitral stenosis: Prolongation of 
lean transit times observed in all cardiac chambers 
f the patients with mitral valve stenosis appeared to 
result primarily from decreased cardiac output. The 
pulmonary blood volume in these patients averaged 
862 cc/m2, and only 1 patient demonstrated a pul- 
{ monary blood volume greater than normal. Dock et 
= al.26 using simultaneous indicator injections into the 
` pulmonary artery and left atrium found an average 
pulmonary blood volume of 335 cc/m? in 15 patients 
with mitral stenosis. Levinson et al.27 using dye in- 
jection into the pulmonary artery and left atrial 
sampling demonstrated an average blood volume of 
881 ce in 5 patients with mitral stenosis. The pulmo- 
Mary mean transit time in the 8 patients of the pres- 
ent study with mitral stenosis averaged 9.24 + 1.71 
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seconds. Pulmonary mean transit times of 10.7 sec 
and 8.3 seconds were obtained in the groups studied 
by Dock? and Levinson27 and their ‘co-workers, In 
the present study, no relation was demonstrated be- 
tween the calculated mitral valve area and the pul- 
monary blood volume.or mean transit time. 

Findings in aortic insufficiency: Wide variation | 
in cardiac transit times was observed in the 8 pa- 
tients with aortic insufficiency. In contrast to the pa- 
tients with mitral stenosis, most of the patients with 
aortic insufficiency had greater than normal pulmo- 
nary blood volume (average value 508 cc/m2). The 
prolonged pulmonary mean transit time in these pa- 
tients appeared to result primarily from increased 
pulmonary blood volume rather than decreased car- 
diac output. 

Clinical application: This study confirms that 
transit of blood through the central circulation can 
be easily and accurately determined using only an 
intravenous injection of radionuclide. Chamber to 
chamber cardiac transit times index the efficiency of 
blood flow and appear to provide data that relate to 
hemodynamic variables. The capacity for repeated. 
determinations in patients permits assessment of se- 
quential changes of transit times and further en- 
hances the usefulness of this approach. Simultaneous. 
determination of cardiac output also allows calcula- 
tion of central blood volumes from the mean transit 
times defined by radionuclide data. The techniqu 
appears to provide useful physiologic data tha 
might amplify understanding of altered hemodynam 
ic states as well as aid in patient management. 
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HISTORICAL MILESTONES 










SAUL JARCHO, MD 
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K In the penultimate decade of the nineteenth century, 
_ Hugo Ribbert (1855-1920), a young professor of pa- 
thology at the University of Bonn, attacked the 
subject of ulcerative endocarditis. He had already 
“published studies on the pathology of nephritis 
(1881) and on the destruction of microorganisms 
(1881) and was later to do research on osteomalacia 
(1893), on doctrines of disease (1899), and on numer- 
ous other subjects connected with pathology. His 
-~ permanent reputation rests on his textbooks (1896, 
- 1901, 1902) and especially on his numerous studies of 
neoplasia (1896, 1897, 1904, 1906-07, 1911). 
The report that is excerpted below was originally 
published under the title “Ueber experimentelle 
Myo- und Endocarditis” (“On Experimental Myo- 
j Endocarditis,” Fortschritte der Medicin, 4: 
3, 1886). It is an interesting example of the think- 
inj and procedure that existed in the heroic age of 
pa hologic anatomy. 


Excerpts from Ribbert 


< By: wounding the aortic valve by means of a thin sound 
introduced via the carotid, with subsequent injection of 
aphylococci and streptococci into the blood, Wyssokow- 
sch}, who worked under the direction of Orth?, was able 
to produce endocarditic changes in the wounded valve. 
he injected organisms lodged on the surface of the valve; 
m there they advanced into the depths of the tissue. 
jlonies of this character also occurred in places on the 
surface of the aorta that had merely been scratched by the 
: sound. : 

-Without previously injuring the valve I have now been 
able tọ produce endocarditic processes in them. I have al- 
ready given a brief report on this before the meeting of 
aaturalists in Strassburg.3 Since then the progress of my 
xperiments has yielded much more significant results, 
which I now communicate in greater detail. 

In my experiments I used Staphylococcus aureus, which 
Wyssokowitsch and Weichselbaum found in ulcerative 
endocarditis. Its occurrence and pathogenic characteristics 
have been reported by Becker,4 Krause,® Rosenbach,® 
asset, ’ Garré,* myself’ and others. 

The organism was cultivated on potato. The emulsion 
ised. for injection was prepared in such a manner that I 
aved the upper’ ‘layers of the potato arid had a fluid 
ing many small particles of potato which were 
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_ Experimental Myocarditis and Endocarditis (Ribbert, 1886) 


~ could: be distinguished. rather regularly. dp the gentar 




































suitable for emboli. In the beginning the results were not- 
constant, a fact which found its explanation in too fine 
grinding of the pieces of potato. When I began to. make 
the fragments as large as the breadth of the cannula of a” 
Pravaz syringe allowed, I had better results. Moreover I 
soon saw that older cultures, in which the organism has 
penetrated more deeply into the potato and has grown 
through it more thickly, are more suitable than -younge 
cultures, in which only a superficial development has oc 
curred. The injections were carried on in rabbits only, an 
in the veins of the ear. a 
As became evident in the course of my experiments, in 
order to obtain sure results I had to inject amounts o 
emulsion that were not too small. I went from an e 
Pravaz syringe down to a fourth or sixth [of that amo 
The more I injected and, understandably, the thic 
emulsion, the more quickly the animals died. Afte 
jection of an entire syringeful they usually died. 
24 hours. Small amounts worked more slowly, bu 
a small number of the trials did the rabbits rem: 
longer than from 60 hours to 5 days. If I injected | 
a sixth of a syringeful, the animals died later bu 
obtained endocarditis. : 
When the rabbits were killed during the secon 
suggestive results were found on the external surfaces. 
the heart. This organ was usually much dilated. More or 
less numerous small foci were seen scattered on the sur- 
faces; they were often thickly crowded, yellow, jagged i 
somewhat elongated. They often formed groups, with 
which the individual flecks were confluent, especially o 
the anterior surface of the left ventricle near the apex o 
the heart, where several foci were. often found together: 
even when the total number of foci was small. They broke _ 
through into musculature on both sides up to just, beneath 
the endocardium. On section it could be seen that their 
longitudinal direction corresponded to the course of the 
fibers. On the left their number was absolutely greater 
than on the right, corresponding to the thickness of the. 
walls, but even relatively they were. usually more numër 
ous on the left. 
Beneath the endocardium, just..as on the external sur 
faces of the heart, they shimmered through; when they lay 
just beneath the endothelium they protruded to a larger 
or smaller extent, often to the degree that they stood forth 
like buttons. Occasionally the foci that lay under the epi 
cardium also protruded somewhat; in these cases I saw 
over them and around them.a slight turbidity. of the s ; 
face of the heart in a few instances. In addition a central 
depression was observed in many of the protruding flecks 
in the: centers. of these there wasa fine yellow point or- a 
little streak. 
On section through the centers a the foci several zones 
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there was a vales point esclosed by a thin gray ring, and 
then a white zone: 

Together these three divisions represent the most con- 
spicuous part of the little focus. Next there is a thinner 
hyperemic border, which generally goes over again into a 
somewhat washed out whitish zone, which has a scalloped 
border and loses itself in the surrounding musculature. 
‘Thus we distinguish five regions, which always mingle 
more as their age increases until finally the focus appears 

uniformly yellow. 

Microscopical examination in the beginning of the pro- 
cess revealed small collections of micrococci, which 
doubtless developed in relation to vessels. Accordingly 
they were thin and elongated; corresponding to the ramifi- 
cation of the vessels they branched out for short distances. 
In the beginning the vicinity of these colonies was unal- 
tered. Soon afterward it was noticeable that the nuclei of 
the surrounding muscle no longer stained distinctly; the 
fibers themselves were cloudy and lost their striation. In 
immediate proximity to the bacterial clumps they gener- 
ally fell apart into little irregular masses and grains; far- 
ther peripherally the single fibers could still be demarcat- 
ed, not infrequently showed distinctly recognizable longi- 
tudinal striation, and contained fatty granules. This outer 
layer appeared whiter microscopically and darker micro- 
scopically than the layer around the embolus . 

More important than the myocarditic changes which 
“have also been observed after the injection of ordinary 
very fine emulsions and which have often been mentioned, 
“ate the endocarditic processes. In the beginning, when the 
fragments. of potato were finely ground, changes in the 
valves: were present in only a small number of my experi- 
ments. ‘Later, by using larger fragments, I obtained better 
results. If I injected at least half a syringeful into the ani- 
mal, colonies of cocci regularly appeared on the valves. In 
animals which died after 20 to 24 hours they had the form 
f little white flecks. They appeared on both the tricuspid 
and the mitral, although on the average more often on the 
‘latter. The aortic and pulmonary valves escaped cor- 
pletely. On the right side they usually appeared singly. 
“On the. left they were more thickly placed. In one case 
“they were so numerous on the aortic leaflet that they 
made an almost continuous layer, while at the same time 
only a large number of small flecks could be seen on the 
rest of the valve. Even to naked-eye observation they dif- 
fered in size. Some had a diameter of 1 to 2 mm. The ma- 
jority were smaller and the smallest appeared merely as 
barely visible dots .... 

The parts of the chordae tendineae nearest the free bor- 
der were the preferred site of colonization. On the valves 
themselves the colonies appeared both in the internal and 
external surfaces, often preferring the latter. The portions 
- nearest the base of the valve were mostly unaltered .. .. 
vH it occasionally happened that the valves were com- 
-pletely intact on: both siées—as occurred in the larger pro- 
-portion of the trials—when still smaller amounts were in- 
“jected, the animals lived still longer..Up to the present 
time I have found endecarditic processes seven times— 
four times on the mitral and three on the tricuspid. In ad- 
dition I once observed, in a rabbit that died on the fifth 
“day, a nodule as large 4. a pinhead at the tip of a papil- 
lary muscle of the tricuspid. near the insertion of the 
~~ -chordae . 

The remaining processes of the same [advanced] age 
which I investigated yielded entirely similar pictures, in 
-which only the relative locations of the various compo- 
nents, the size of the thrombus, etc., varied. On the one 
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‘EXPERIMENTAL MYOCARDITIS AND ENDOCARDITIS—JARCHO) 


hand it was always a matter of the effect of the organism 
on the tissue of the valve, which can readily be compared 
with the changes in the myocardium. But there as here 
the first consequence- was necrosis of the neighboring 
zone; farther out there was an inflammatory reaction. On 
the other hand the accumulation of cocci evokes the de- 
position of a mass of thrombus from the blood that 
streams by. All these phenomena are in good agreement 
with our previous histological knowledge of the incipient 
stages of human endocarditis... . 

Doubtless the experimentally produced valve lesions 
that have been described must be regarded as equivalent 
to the processes observed in man and accordingly must be 
characterized as endocarditic. Naturally there is the 
closely connected question, to what extent they can be 
utilized for the understanding of the human disease, and 
whether the character and manner of their origin can be 
directly transfered to man. 

When I first saw the process in the valves I thought that 
since the myocarditis is undoubtedly of embolic nature, 
the endocarditis must also have arisen through emboli in 
the vessels of the valves. The first preparations gave no 
decisive answer. But when I later obtained more abundant 
colonies, I convinced myself of the incorrectness of this 
opinion. It became evident that the development of cocci 
on the valve is the primary element. For this opinion we 
have a basis, in that the fragments of potato either remain 
hanging in the corner places and the lines of attachment 
of the chordae tendineae, or are thickly lined up on the 
surfaces of the valves, or are strongly squeezed when the 
valves are shut. In any case it is easy to understand that 
the attaching organisms are squeezed into the endothe- 
lium and then are able to develop. 

It must now be observed that, contrary to the experi- 
ments of Wyssokowitsch and Orth, the cocci were also 
able to colonize without previous traumatic damage in the 
valves, in which Orth sees the production of susceptibili- 
ty. However in both series of experiments it is the me- 
chanical factor, the importance of which in the. localiza- 
tion of infectious diseases I have indicated in the report 
that was mentioned at the beginning, that creates the 
condition for lodgment. of the organism. According to 
Wyssokowitsch they remain in the porous endothelium 
and hang in the tattered surfaces of the valves; in my, ex- 
periments they were squeezed into the endothelium in the 
manner described. l 

If there is no doubt that the colonization of the organ- 


isms on the valves resulted, there still remains unan- ~. 


swered the question of whether this model also has. validi- 
ty for human endocarditis. That here the origin of endo- 
carditis through embolic incidents comes fundamentally 
into consideration, is incontrovertibly proved by the re- 
searches of Késter.!° He saw entire clusters of vascular 
loops fully plugged by micrococci and he could follow 
them into the arterial branches. Further, in sections he 
could also observe the passage of the cocci through the 
surrounding tissue as far as the surfaces.of the valve, on 
which they swelled forth through numerous stomata, in 
the form of drops. The possibility of this genesis is univer- 
sally accepted; the only dispute concerns the extent: to 
which validity must be claimed for it. 

Whoever is of the opinion that endocarditis in’ man 
arises entirely or predominantly through deposition of or- 
ganisms on. the valves, will find support in my experi- 
ments, and justifiably. In man it is possible for large par- 
ticles. containing organisms, perhaps detached pieces of 
thrombus, to be hurled against the valves in the same 









manner as in the. experiments that have been reported 
-and to give up a part-of their attached organisms at that 
- place. But it is doubtful whether this explanation can find 
application in the most frequent, and typical cases of 
_. endocarditis, in which the warty and coxcomb-shaped ex- 
«> erescencés are arranged exactly in the lines of closure. In 
omy experiments this phenomenon did not appear. The 
---eolonies of cocci showed no predilection for the lines of 
© .-clogure and hardly any linear arrangement. Rather, one 
“might only say that the colonies of organisms on the inner 
‘surfaces of the valves were generally found near the free 
‘margin, and often exactly on it, and occasionally, to be 
_ sure, also in the vicinity of the lines of closure, Moreover, 
-in man the great tendency of the cocci to lodge on the 
` ¿chordae tendineae and to a still greater extent on the 
outer surfaces of the valves is not in general pronounced. 
We must also emphasize another difference, the absence 
of all change in the pulmonary and aortic valves. 
As far as the detailed location of the disease is con- 
cerned, there is a series of differences between human 
.. endocarditis and that produced experimentally in rabbits. 
“And:so my experiments cannot be received with certainty 
as an explanation of the typical condition in the course of 
- the processes that are arranged along the lines of closure. 
However the genesis established experimentally in this re- 
: port. will also require to be taken into consideration to a 
greater or lesser extent. 


Comment on Ribbert’s Paper 


= Ribbert’s study continues the researches of Wysso- 

kowitsch (Jarcho S: Experimental endocarditis 
/yssokowitsch, 1886]. Amer J Cardiol 24: 876, 1969) 
and Orth. Its significance lies mainly in the fact that 
-Ribbert approached a clinical problem, the problem 

of the disease then commonly called ulcerative endo- 
carditis, by combining the new Virchovian morbid 
atomy with the new experimental medicine and 
the still newer bacteriology, to reproduce the phe- 
mena of the new clinical medicine, which was 
based to an important extent on morbid anatomy. It 
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his emulsions until relatively constant results were 


Footnotes from Ribbert 
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IS AND ENDOCARDITIS 


is both interesting and significant that he made no 
effort to recreate the clinical picture as seen in the 
living patient. He aimed instead to reproduce the 
anatomic findings. 

Whereas Wyssokowitsch had produced his experi- 
mental lesions by inducing trauma and then intro- 
ducing infection, Ribbert attempted to clarify the 
problem by employing infection alone. For this pur- 
pose he used Staphylococcus aureus grown on pota- 
to. He was careful to scrape and grind his culture 
material so that the final emulsion injected into rab- 
bits included particles of potato along with the bac- 
teria. Previous experience had already accumulated 
to the extent that S. aureus and other organisms had | 
been grown from cases of ulcerative endocarditis. 
Presumably most of these were the clinically con-. 
spicuous cases of what we now call acute bacterial 
endocarditis. 

Ribbert was a persistent and intelligent investiga- 
tor. Not deterred by the fact that his early results. 
were variable, he altered the character and dosage of- 





obtained. 

Particular attention should be given to the mi- 
nuteness and accuracy of his observations in: the: 
gross—the clear mark of the expert pathologist. This 
aspect in itself is of permanent value both to the as- 
pirant and the established scientist. The same 
applies to the microscopic observations, which have 
been omitted from the foregoing excerpts. 

Ribbert reports first the myocardial and. then 
endocardial lesions. The former were frankly and o 
viously abscesses of embolic origin and requi 
special comment. The endocardial lesions, Ribbert 
believed, arose by embolization of the fine vascu- 
lature of the valves and were complicated by the de- 
position of thrombus material from the blood. He 
considered that his explanation was not completely 
convincing and he was honest enough to say so... 
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-natural history of atrial shunts in infancy remains poorly | defi 


priate received ie 3. 1972, ice ae i ni 
oe group has not been assessed. We therefore describe 24 infants with — 


presented first. and then correlated with the elmical ¢ events. 





Left to Right Atrial Shunts in Infants 


At cardiac catheterization, 24 infants less than 1 year old had a left 
to right atrial shunt without other major cardiac lesions. Only 6 in- . 
fants had cardiac symptoms, and there was no relation between 
symptoms and the size of the shunt. Six infants (including 2who ) 
were less than 1 week old and were asymptomatic) had a pulmo- . 
nary to systemic flow ratio (Qp:Qs) greater than 3. Clinical features 

were often atypical. Fifteen had harsh grade 3-4/6 systolic mur- 
murs; only 10 had wide fixed splitting of the second heart sound. — 
Splitting of the second heart sound was unrelated to the Qp:Qs. 
Two infants with a large shunt had no cardiomegaly. Electrocardio- — 
grams were not typical of atrial septal defect. 

The shunt disappeared in 9 of 12 infants who underwent recatheter- 
ization and was not clinically detectable in 3 others whose shunt was | 
large when under 2 weeks of age. Many shunts probably oc- 
curred through an incompetent foramen ovale, sometimes secondary _ 
to left-sided lesions. However, some children had a classic atrial — 
septal defect that closed spontaneously. Since spontaneous closure . 
of atrial septal defects occurs and there are many atypical features 
of these lesions in infants and younger children, it is possible that 
the incidence of this lesion is underestimated in infancy and early l 
childhood. 


Atrial septal defect of the secundum or fossa ovalis type is one of the 
more common forms of congenital heart disease. Estimates of its in- 
cidence in liveborn children with congenital heart disease range from 
4.3 to 6.0 percent in the intensive follow-up study by Carlgren? of all 
children born with congenital heart disease in Gothenburg from 1949- 
to 1960 (the higher figure is derived by including atrial shunts of _ 
unspecified site) to 7.4 percent in the Collaborative Study from the — 
National Institutes of Health? and 11.2 percent in the series reporti do 
by Rose et al.3 from the Toronto Heart Registry. He 
In infancy and early childhood, however, atrial septal detect occurs o 
in only 0 to 3 percent of all children with congenital heart disease 
usually, the frequency is less than 1 percent.1-4® One possible reason _ 
for this underdiagnosis is that the left to right shunt is usually small 
in infants and increases with age. However, lack of symptoms. and 
atypical clinical features in infants with a left to right atrial shunt 
may also cause the lesion to be undetected. For these reasons, the 

























and the occurrence and incidence of spontaneous closure in this 


left to right atrial shunts; in 9 of 12 infants who underwent recatheter- _ 


< ization, the left to right atrial shunt disappeared. Since the size of _ 
o the left to right shunt may be an important determinant of the clini- 






_ cal features and course of the. lesion, the hemodynamic findings ar 
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Material and Methods 


Patients 


Twenty-four Manie (14 female) had a left to right atrial 
shunt. demonstrated by: cardiac catheterization before 1 
at of age; 6 infants were born prematurely. Nineteen in- 
_ fants were born at the Bronx Municipal Hospital Center 
_ or Lincoln Hospital in New York, or at the University of 
California, San Francisco Medical Center; 5 born else- 
where were referred to these hospitals, 2 for nonspecific 
-= symptoms and 3 for investigation of heart disease. The 
oe ages at the time of catheterization are shown in Figure 1. 

- Patients were excluded from this study if they had se- 
“vere associated cardiac lesions or an endocardial cushion 
~~ defect. Associated minor cardiac lesions found at catheter- 
~<dzation included a small patent ductus arteriosus in 4 
` (demonstrated in 3 only by passage of the catheter 
through the ductus); possible mild valvular or peripheral 
pulmonic stenosis in 11; and small muscular ventricular 
‘septal defects detected only by cineangiography in 3. The 
following noncardiac lesions were found: microcephaly 
-. and. an absent corpus callosum (1 infant); hydrocephaly 
-. and’severe brain damage (1); mild brain damage (1); bi- 
_ lateral cataracts and microphthalmia (1); and hypervolemia 
placental overtransfusion (1). None of the mothers 
had a history of rubella during pregnancy. 


Procedure 


“Cardiac catheterization was performed in routine man- 
r. No sedation was given to infants less than 3 months 
age; older children were given premedication intramus- 
ularly with meperidine, promethazine and chlorproma- 
sin doses of 2.0, 0.5 and 0.5 mg/kg, respectively, or, 
‘recently, with 1 mg/kg each of meperidine and hy- 
xyzine. The subjects were usually quiet throughout the 
tudy but were not oversedated. 
Oxygen saturation was measured by transmission ox- 
metry with a Beckman B spectrophotometer or by an 
merican Optical Company reflectance oximeter. Oxygen 
take was measured after collecting expired air with a 
sal valve? in 6 patients, but in all others it was assumed 
from average figures for age and size.?? Since this assump- 
n introduces errors in calculating flow, the size of the 
nt was also assessed by determining the ratio of pul- 
mary to systemic flow (Qp:Qs ratio). This ratio is in- 
dependent of oxygen uptake and bears a roughly linear 
relation to the measured left to right shunt.1° However, 
accurate determination of blood flow or flow ratio from 
oxygen saturation values may be difficult when left to 
-~ ‘ight atrial shunts are present. We have found it particu- 
arly difficult to get representative mixed saturation sam- 
from the inferior vena cava in infants and have there- 
ed only superior vena caval saturation data. As a 
t, the figures given for flow and flow ratio are approx- 
ate but, in general, the magnitudes of the left to right 
trial shunts as assessed by cineangiography and calculat- 
by the Fick method have been in agreement. 
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; Diagnosis 


© o At least 2 sets of blood samples were taken from the 

right side of the circulatory system in 19 of 24 patients. 
ie maximal increase in oxygen saturation from superior 
cava to right atrium: was 5 to 10 percent in 4 pa- 
2 Hito 20 percent in 15 and over 20 percent in 5. 
e was no further.increase in oxygen saturation beyond 


through a patent ductus arteriosus. 





‘ight atrium in 23 patients; in 1. a small increase in 


the pulmonary artery suggested a small left to right shunt © = with a small left to right shunt had a thickened pul. 
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_SHUNTS—HOFEMAN ET 


Cineangiograms and indicator-dilution curves in 22 of 
24 patients confirmed that the increased right atrial satu- 
ration was due to left to right atrial shunting. In 1 patient 
contrast medium (Renovist®, Conray 400% or Renografin®) 
was injected into the left ventricle, in 13 into the pulmo- 
nary artery or right ventricle, and in 8; into the left atrium. 
In 2 of the latter 8 patients, a left to right atrial shunt. 
was confirmed by early detection in the right atrium: 
of sodium ascorbate injected into the pulmonary ars 
tery. In the other 6, we think that the left to right shunt. 
was due to factors other than the catheter holding open 
the valve of the foramen ovale because there were consis- 
tent increases of saturation from the superior vena cava to` 
the right atrium of 12 percent or more. Two of the 24 pa- 
tients, who were not studied by cineangiogram or indi¢a- 
tor-dilution curves, had right atrial saturation increases of. 
17 and 18 percent; in both, the atrial septal defect was 
confirmed at open heart surgery. 


Results 


Hemodynamic findings at first catheterization: 
Catheterization data are given in detail in Table I. 
Systemic arteriovenous differences of oxygen content 
were large, and calculated systemic flow rate was. 
therefore low (from 1.5 to 2.1 liters/min per m?) in 6 
infants aged 5 to 13 days, of whom 4 had moderate 
polycythemia (hemoglobin greater than 15.8 g/100. 
ml). These 6 were the only infants with abnormal 
systemic vascular resistance. 

Pulmonary blood flow and pulmonary to systemic 
flow ratios varied widely. Two of the largest left 1 
right shunts were demonstrated in infants | 
days old, respectively, but there was no clear re 
to age (Fig. 1). However, small left to right s 
with Qp:Qs ratios less than 1.5 were not obs 
after age 3 months. Left atrial mean pressure 
equaled that in the right atrium in 4 infants, exceed 
ed it by 1 to 3 mm Hg in 15 and by 4 to7 mm Hg in 
5. There was no clear relation between this pressure 
difference and the degree of left to right shunting 
Right and left atrial pressures were normal inall.. 

Branch and main pulmonary arterial pressures 
were measured in 20 and 24 infants, respectively. 
Mean main pulmonary arterial pressure was as great. 
as 20 to 25 mm Hg in 6, but mean branch pulmonary | 
arterial pressure was greater than 18 mm Hg in only 
2; in general, values in the upper range (15 to 20 mm 
Hg) occurred in the younger infants. Values for pul- 
monary vascular resistance per square meter of body | 
surface area were equal to or less than 3 mm Hgy- 
liter per min in all subjects more than 2 weeks of age 
except for one 5 week old infant with severe paren- 
chymal disease (Fig. 2). Many of the resistance. 
values were unusually low, less than 1 mm Hg/liter 
per min in 11 and between 1.1 and 2.0 mm Hg /liter 
per min in 6. 

In infants with greatly increased. pulmonary blood: 
flow the systolic pressure was slightly increased. in- 
the main and peripheral pulmonary arteries. In addi 
tion, 4 infants had a systolic pressure difference of 12 





only 1 of these had a large left to right shunt, and 1 


monary valve at cineangiography.. 



















TABLE I 
` Clinical and Hemodynamic D Data in 24 Cases. 
































Physical Signs ; ECG ia l ; 
< SM Radiologic $i : Flows 
ssa mo Radiologic Signs “QRS VaR or Hyper- END S 
Age (my). Site Gr Gr S: CE PV Axis Vy trophy Hb ms P S- Qp:Qs 
l a a a ei n iaia a e mente 
A. No Symptoms 
0.22 U 2-3 0 N 0 + —135 RS ?RV 17:2 105* 29 L717 
0.15 M 2 0 N 0 + RAD N (0 7.1 163* 14.8 5,1 2.9 
0.21 U 3 0 Wide 0 N ti if ads 10.4 98* 4.1 ° 3.0 14 
0.52 U 2 0 N 0 N +60 RS 0 8.1 140 5.0 §.0° 1.0 
0.26 L 3 0 Wide 0 N l R ?RV 9.0 131* 6.0 3.1.19 
0.40 U 1 0 N 0 N I rsR’ 0 9.5 150 4l AIONO 
0.19 J 3 0 N 0 N +120 Rs 0 11.4 100 4.0 1.9 2.1 
0.55 — 0 0 N 0 N -+75 rsR’ 0 9.4 150 7.8 7.8° 1.0 
0.30 M/U 3 2-3 Sing. + +++ +120 rsR’ ?RV 10.1 187* 11.7 3.9 3.0 
0.70 U 3 2 Wide ++ ++ +135 rsR’ ?RV 13.1 102 14.6 3.1 4.8 
0.20 -L 3 0 Wide 0 N RAD — RV 15.8 105* 8.1 1.8 4.6 
0.20 L 3 0 Wide 0 N 180 RS FRV 13.3 100 7.9 1.8 4.4 
0.25 U 2-3 2 Wide 0 ++ +135 rsR’ RV 11.8 150 11.5 4.0 2.9 
0.23 U 3 0 N 0 N +60 Rs? RV 10.0 130 4.0 3.1 1.3 
B. Symptoms of Noncardiac Origin oh 
-0.20 J 2 0 N 0 N +105 qR ?RV 8.8 130 7.6 3.2 2.4 : a 
0.45 U 3 2 Wide see bes +30 qRT RV 7.5 150 21.4 7.6 2.9: 
0.53 J 1-2 0 N 0 N +30 qR ?RV 8.0 150 6.0 6,0 1.0 
Se O25 L 3 2 Wide + N —135 rsR’ CRBBB 10.0 130 5,7 43 13: 
; 0.27 U 3 0 Wide + N R CRBBB 9.6 140 4.5 4.5. 1.0 
“O19 — 0 0 Loud +++ + +150 RT RV,RA 16.4 100 5.3 10.0 0.5. 
w 0.25 -= 0 0 N 0 N +105 rs 0 9.6 130 3.7 27 1.4 
0.30 M/U 3 0 Wide 0 N 0 Rs 0 9.7 140 4.6 3.0 1.5 
0.52 J 2 0 N 0 N 0 Rs 0 9.8 150 6.8 6.8 1.0 
0.18 u 3 0 N 0 + l RS 0 12.2 100 4.3 2.9 1.6 
0.55 U 2-3 0 N 0 N I Rs 0 9.7 150 4.3 4.3 1.0 
0.18 M 3 0 Sing. 0 + l RS 0 8.0 130 8.7 3.5 2.5 
0.23 u 2 2 Wide 0 + +120 Rs PRV 15.8 100 3.3 2.1 1.6 
: (0.43 U 2 0 N + + +105 Rs RV 10.8 140 15.5 3.4 4.5... 
0.74 u 3 1 Wide + + +105 rSR' ?RV 12.0 150 115 4.3 2.7 
C. Symptoms of Cardiac Origin n r = 
19 Fo 3mo. 0.22 M 2 Oct) N E ++ RAD — R 8.7 130 62 3.8 16 
Fo 6wk 0.19 Y 3 cH N + + l Rs Av 10.7 130 65 3.2 2:1 
: 17 mo 0.45 a 0 0 N 0 N -+75 Rs 0 10.7 150 5.6 56 10 
21M 2mo 02 8 3 0 N + + 49 1s 0 89 130 108 33 3.3 
oe Bmo 0.45. 1-2 0 N 0 N +60 RS 0 Ini 150 50 BOO: 
22 M 6mo . 0.32 U 30 20 o Wide + + i rsR’ RV 8.5 130-210 4.2 5.0 | 
POM B days’ 0.1608 1 0°. Wide 0 N +150 RST RV 15.9. -87* 2.9 1.6 19). 
D mo 043 — 0 0  N 0 N +105 rs 0 4.2 160. 5.4 5A 1.0 | 
M7 mo. 0. 36 MU. 3 2.0 cN N + +150 orsR’™.. PRV 10.8....140 §.8 93.1 1.9 
» Measured oxygen uptake. ob At catheterization. els : 





ASD = atrial septal defect; BSA = body surface area; CE = cardiac enlargement; CHF = = congestive heart failure; CRBBB = com: 
plete tight bundle branch block; or= grade; Hb = hemoglobin (g/100 mi), 1 = indeterminate axis (perpendicular to frontal plane); Le 

-lower left sternal border; LA = left atrium; M = mid left sternal border; MDM = mid-diastolic murmur: MPA = main pulmonary artery; 

N= normal, Pa pulmonary ów Gein, per my; PDA = patent ductus arteriosus; PPA = peripheral pulmonary artery. 
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a ‘TABLE I (continued) 
_ Clinical and Hemodynamic Data in 24 Cases 







Pressure (mm Hg) Other Lesions 


CLA RA RVO MPA PPA Resist Cardiac Noncardiac = > Comments 





A. No Symptoms 














0 40/4 42/20 = 7.7 Small PDA Cataracts, microcephaly 
4 30/5 26/14 28/16 0.8 Small VSD ja 
0 36/6 16/4 16/6 1.5 Small PDA oe 
2 28/4 16/6 16/8 n ~- bh Shunt-absent 
3 36/8 28/146 — 18 = ie 
4 22/5 — 22/12 22 — wie Shunt. absent 
2 47/4 43/6 = 3.2 — or 
4 20/6 20/12 20/12 08 — ‘Se Minimal residual Teit to right a atrial 
shunt 
2 50/6 30/8 18/8 06 — 
6 50/10 37/14 30/12 0.7 Mild valvular 
pulmonic 
stenosis 


32/6 32/11 27/8 09 — Clinically no shunt 
44/10 44/12 30/13 0.9 Small VSD i 
42/10. 40/10 0.9 
1.1 


55/7 30/12 23/83 


Soo Na 
oO & PM 
> 
ao 
~ 
~ 


— ASD closed surgically ats years 
Small VSD ei ee 





B. Symptoms of Noncardiac Origin 











3° 3 30/4 25/15 — 2.3 ess Absent corpus callosum; Apneic episodes 
ws microcephaly 
 § 2 22/4 22/10 — 0.3 — ~ _ 
6. 0 24/4 22/10 — 12 0 — ves Shunt absent 
y 3 40/8 40/146 — 3.5 Small PDA Hydrocephalus, brain damage, aha 
: lung disease 
ya 6 56/10 40/36 — 5.3 aaa eet Both shunts absent 
ToT 60/11 70/44 — 8.5 Small PDA Hypervolemia Apneic episodes 
“B38 32/6 26/11 18/10 1.8 wes tele PDA closed. Smai! atrial shunt | 
; 8 5 28/5 28/10 28/— 0.9 Apneic episodes 
9 4 28/9 26/15 28/10 1.5 Shunt absent 
ORA 40/8 34/14 26/10 2.3 Many chest infections 
he 25. 22/4 18/7 16/6 1.4 Shunt absent 
6.4 34/4 22/12 23/10 0.7 
RN: O EA: 48/6 40/6 30/11 4.8 Edema of legs 
ee $ 30/—  30/—  30/— 0.5 Many chest infections 
oe. ee) 42/7 42/20 40/8 ` 1.5 ASD closed surgically at 4 years 
€. Symptoms of Cardiac Origin : 
6 44/8 a4/— 34/14 1.9 Clinical PDA fave Cardiac arrest leading to admission 
: before CHF : 
study 
4 24/4 24/12. 18/8 0.7 Clinical PDA wet CHF 
. before 
: study Oo pgs 
0 24/5 24/12 24/4 11 ie Shunt absent — 
c 9 31/~— > 22/9 - 25/16 0.9 raw iah CHF í 
& o 22/8 21/10. 19/711 1.6 na dir “Shuntabsent - 
4. 30/30/10 15/6 0.3 aie an CHF 
2 34/6 © 34/13 34/13 4.8 Small PDA Down’s syndrome > OHF n 
3 30/2 28/14 = 1.8 ae or - PDA closed; atrial shunt absent : 
3 32/—.° 30/8 30/8 14 Tachypnea; pneumonias - 





pulmonary. vascularity; Op: Qs = pulmonary to systemic flow ratio; RA = = ght atrium; RAD = right axis deviation; Resist. = 
Ji nary resistance (mm Hg/liter per min pér m); RV = right ventricle; $= systemic flow (liters/min per m’); Sy = second heart 
ound; SM = systolic murmur; U = upper left sternal border; VO,/m? = oxygen uptake per minute per square: meter of body surfac 
area (ce/min); VSD = ventricular septal defect: 0 = absent; + = borderline; + to ttt = ‘degrees of: cardiomegaly or pulmonary : 
vascularity; — = not recorded; [= upright T waves, ee f 
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Xo > 
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AGE » MONTHS 


FIGURE. 1. Pulmonary to systemic flow ratio (Qp:Qs) (verti- 
cal axis) related to age in months at time of first cardiac cathe- 
‘terization. (horizontal axis). <x = widely split second heart 
‘sound; arrow points to compiete right bundle branch block. O 
= normally Split sacond heart sound. 


History and clinical presentation: Ten infants 
had no symptoms (Table IA) and were investigated 
because of cardiac murmurs heard at birth in 1, 
within the first week of life in 3, from age 1 to 4 
weeks in 3, and from age 1 to 3 months in 3. In the 3 
premature infants, the murmurs were first heard at 
es 10, 25 and 44 days, respectively, despite repeat- 
careful auscultation at earlier ages. The left to 
ight shunt was very large in 2 of these 10 infants 
Qp: Qs 4.4, 4.6), moderate in 4 (Qp:Qs 2 to 3) and 
all in the remaining 4 infants. 
ourteen infants had symptoms~—apnea, tachyp- 
nea, apneic spells or cyanosis. In 8 (Table IB), these 
mptoms seemed to be due not to cardiac disease 
ut to prematurity, brain damage, hypervolemia or 
: pulmonary infection. Cardiac catheterization, per- 
formed to determine if the cardiac lesion caused or 
contributed to these symptoms, showed a pulmonary 
to systemic flow ratio of less than 2 in 5 infants, be- 
tween 2 to 3 in 2 infants and greater than 4 in 1 in- 
fant. The 3 infants with the largest left to right 














leanne! iters saul in per m2) related to 
res = Qs greater than 2: circles = 
Qp:Qs less than 2; id symbols = neonatal _Polvevtneria 
(hemoglobin 15.8 anon mi or r more). : 














“shunts had no sviiptclng 
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n the abeence ‘of ules’: 
nary infections. The remaining 6 of the 14 infants 
(Table IC) had symptoms due to: their cardiac lesion. 
Five of these 6 had. congestive heart failure. In 2, 
there was clinical evidence of a large patent ductus. 
arteriosus that had closed by the time of cardiac 
catheterization. ae 

Physical signs: Increased precordial pulsations i 
were noted in 11 infants, 8 of whom had a large left 
to right shunt. The first heart sound was normal in — 
all 24. A third heart sound was present in 6 infants, 
5 with a large left to right shunt and 1 with lung dis- 
ease and pulmonary arterial hypertension. Two with _ 
a large left to right shunt who underwent catheteriza- 
tion in the first week of life did not have a third ~ 
heart sound. A fourth heart sound was heard in L 
child, nearly 1 year of age, with a large left to right 
shunt. None had systolic ejection clicks. The second — 
heart sound was single in 2 infants, normally split in 
12 (2 of whom later had wide splitting): in 10, there’ 
was a wide, fixed split. Phonocardiograms in 5 in-) 
fants confirmed the clinical judgment of the amount _ 
of splitting. No consistent relation of splitting width 
to age of the infant or size of the left to right. shunt a 
could be found (Fig. 1). Da 

Fifteen infants had grade 3-4/6 systolic: murmurs ; 
usually described as harsh and heard at the upper or 
the lower left sternal border; those at the lower. site 
were usually holosystolic and those at the upper site. 
usually ejection in type. The other infants all had 
softer systolic murmurs heard best at the upper left 
sternal border. In general, infants with a larger left 
to right shunt had louder murmurs, but there was _ 
considerable overlap. Six of 24 infants had low- 
pitched mid-diastolic murmurs heard at the xiphoid _ 
or apex, and 4 of the 6 had a large left to right shunt. 
In 2 other infants mid-diastolic murmurs developed 
weeks or months after the catheterization, butin 3 
infants with a large left to right shunt no mid-dia- 
stolic murmurs were detected even with careful aus- 
cultation under favorable circumstances. 

Radiologic findings: Eight infants had an :en-. 
larged heart on chest roentgenogram, and 4 of the8 _ 
had a large left to right shunt. However, 2 neonates _ 
with a large shunt had no cardiomegaly. All infan 
with cardiomegaly plus another 4 with a large left to 
right shunt but normal heart size had engorged pul- Sy 
monary vessels. a 

Electrocardiographic findings: At the time of | 
the first cardiac catheterization, the mean QRS axis _ 
was usually inferior, ranging from 0° to.180°, but in 2 —. 
it was — 135°; the axes were independent of age orthe _ 
amount. of left to right shunting (Table I). Apart | 
from 5 infants with axes perpendicular to the fronta 
plane, 6 infants had axes that were Abnormal foro 
age. 11 a 
Five infants had tSr’ or ISR’ patterns in lead NG or 
VR, but only 1 had a QRS interval wide enough to 
be classified as a right bundle branch block, based 





























on standards for age.11 Only 2 infants had upright T 


waves in lead ‘Vy after 1 week of age, and both had a : 








small left to right shunt. In 7, the electrocardiogram 
was regarded as diagnostic of abnormal right ven- 
tricular hypertrophy, and in 7 others, this lesion was 
suspected. One electrocardiogram was suggestive of 
left ventricular hypertrophy, and the rest were nor- 
mal. 
- Clinical course and recatheterization data: 
- Thirteen children underwent recatheterization be- 
` tween the ages of 3 and 60 months at intervals of 3 
< to 55 months after the first study. Nine had no evi- 
dence of a left to right atrial shunt, 1 had a very 
small left to right atrial shunt and 2 a large left to 
-Tight atrial shunt. One child with a small left to 
` right shunt at age 10 weeks had had hypervolemia 
and pulmonary hypertension with a right to left atri- 
al shunt at age 4 days. 
ooo At the first catheterization, pulmonary to systemic 
flow ratio was less than 1.5 in 3; between 1.6 and 2.0 
in 3, and between 2.1 and 4.8 in 6. The left atrium 
was entered at the second study in only 4 children, 
and the pressure difference between left and right atri- 
um plus the absence of a left to right shunt in 2 
children indicated that they now had a foramen 
ovale with a competent valve; the other 2 children 
still had a large shunt and equal atrial pressures. 
One child, who at age 2 months had a Qp:Qs ratio 
of 2.4, had a higher ratio (2.9) at age 23 months. By 
this time a mid-diastolic murmur had developed and 
the normally split second heart sound had become 
idely split. However, at age 38 months, both mur- 
murs had disappeared, the heart felt quiet, and the 
- second heart sound was normally split with respira- 
tory variation. At cardiac catheterization, there was a 
normal heart with no atrial shunt. 
The remaining children did not undergo a second 
catheterization. Two who had a large atrial shunt at 
age 11 months had successful closure of a typical se- 
cundum atrial septal defect. Three children with a 
large left to right atrial shunt at 5 to 8 days of age 
now have no clinical evidence of heart disease. One 
child who was given digoxin for congestive heart fail- 
ure at age 5 months is asymptomatic. All the other 
. children. were well when last seen, although 2 have 
-been lost to follow-up study. 


































Discussion 


“Defects in the central portion of the atrial septum 
include a normal-sized foramen ovale with an unduly 
short or lax valve, a normal-sized valve but an overly 
large foramen ovale, or a defect without any valve.12 
` We cannot differentiate these in patients in our se- 
“ties who were not operated on, but we speculate that 
closure would be more likely in those with some 
© valve tissue. The incompetence of the foramen ovale 
could be due to imbalance in development of various 
portions of the atrial septum or secondary to some 
left-sided lesion. 
In 1958, Rudolph et al.13 described 4 infants with 
patent ductus arteriosus and a left to right atrial 
shunt. On recatheterization after surgical closure of 
S the ductus, the left to right atrial shunt had diner: 























` peared in 2 of 3 infants. These investigators conclud- : 


may be detected only by abnormal physical signs, 
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LEFT TO RIGHT ATRIAL SHUNTS—HOFFMAN ET AL. 


ed that. the infants probably had.a patent foramen 
ovale that had been made incompetent by left atrial . 
dilatation but had become competent again when — 
the left atrium returned to normal size. Since then, 
incompetence of the foramen ovale secondary to left- 
sided lesions has been demonstrated in 7 patients at: 
autopsy!4-15 and in 7 other patients at surgery. 1618. 
This mechanism probably explains the atrial shunts 
in those of our patients who had clinical evidence o 
a large patent ductus arteriosus with the left to right 
atrial shunt persisting after spontaneous closure o 
the ductus. Transient left to right atrial shunts have 
also been reported in the first few days of life in in- 
fants with asphyxia or respiratory distress.19:2° Al 
though none of our patients fit this description com- 
pletely, 4 with neonatal polycythemia had some res 
piratory distress and a small left to right atrial 
shunt. In addition, Watson and Dark?! have stated | 
that about 30 percent of infants with ventricular sep. 
tal defect, large left to right shunt and pulmonary 
hypertension have a left to right atrial shunt and 
that, in many of these infants, the atrial shunt dis 
appears or the foramen ovale is shown to be compe 
tent at autopsy. 
Our series included infants who had apparently 
classic atrial septal defect with no other lesions bu 
who demonstrated spontaneous closure of the defect 
This finding has also been reported in 8 other pa 
tients,22-25 most of whom had a large shunt a 
catheterization and were symptomatic in vari 
grees. Closure in these children usually occurr 
age 3 years; no complete closure has been report 
after age 8 years25 (in the 8 year old child describ 
closure could have taken place many years earlie: 
To date, spontaneous closure of an uncomplicated 
atrial septal defect of the foramen ovale type seems 
rare, but this erroneous opinion was also held abou 
ventricular septal defects until about 1961. Should | 
spontaneous closure of atrial septal ‘defect prove to. 
be common in infants, it can be considered a majo. 
factor causing underestimation of the incidence ol 
this lesion. 
Most children with a left to right atrial shunt are 
asymptomatic. However, 5 infants in our series had 
congestive heart failure, and there are several reports 
of congestive heart failure and death in infants with 
only an atrial septal defect.1.67.22.26-34 Most de- 
scriptions have stressed the frequency of associated — 
pneumonitis, but often pulmonary signs and symp- 
toms persisted after the acute infection had subsid- 
ed. At cardiac catheterization, these patients had 
normal or increased- pulmonary arterial- pressure, 
usually normal atrial pressure and a left to righ 
shunt no larger than that often found in asymptomat 
ic patients. The factors responsible for their symp: 
toms have not been identified. - 
Diagnostic criteria of atrial septal defect i in in. 
fants. Since some infants with a large left to right 
atrial shunt may have no symptoms, their lesi 








electrocardiograms or chest roentgenograms. Unfor- 
tunately, none of these diagnostic criteria, so helpful 
_ in older children or adults, can be relied upon in in- 
~ fants. (1) The systolic murmur, if soft-and heard best 
at the upper left sternal border, could easily be mis- 
taken for an innocent palmonary flow murmur. At 
_ other times, there may be a systolic murmur that is 
-harsh and maximal at the left lower sternal border; 
this murmur may be due to tricuspid regurgitation 
-and has been described in asymptomatic children as 
well as in those with congestive heart failure. In 3 of 
“our patients, this murmur was due to a small ven- 
“tricular septal defect that later closed spontaneously. 
(2) More reliance can be put on the mid-diastolic 
“murmur due to increased flow across the tricuspid 
‘valve; however, this murmur is present only in large 
“shunts and may be missed even then because of 
tachycardia, noisy breathing or crying during the ex- 
“amination. (3) The typical wide, fixed split of the 
second heart sound is often absent in young children, 
‘even when the left to right shunt is large. This find- 
ing is well shown in our patients and has been re- 
ported by others.29-35-36 The wide fixed split tends to 
. appear as the children grow older®® and, in infants, 
-is more likely to be present in those with congestive 
heart failure. (4) Our findings show that in infants 
the electrocardiogram can be within normal limits 
even when there is a large left to right atrial shunt; 
he typical pattern of right ventricular diastolic over- 
oad may take months or years to develop. (5) Chest 
entgenograms may be normal in these infants in 
spite of a large left to right shunt. This finding was 
noted in some of our children and has been described 
- by others.37 
-c Atypical. features in infancy: In general, the 
atypical features. of atrial septal defect in infancy 
“have not been stressed previously, probably because 
-only lesions with typical features have been diag- 
nosed and reported. Children with a small left to 
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right atrial shunt probably have no significant ieee 


eal findings or laboratory data. In our series, in 
which patients were included only because of find- 
ings at cardiac catheterization, the frequency of 
atypical findings and lack.of cardiac symptoms are 
noteworthy. Since many of the clinical findings could 
not be related to the size of the atrial shunt, it is 
likely that many of these lesions, large and’ small, 
would have been missed clinically. Nakamura et al.7. 
surveyed autopsy records at the Children’s Medical 
Center in Boston and found no deaths due to un- 
complicated atrial septal defect in infants less than 2 
years of age. They stated, “Atrial septal defects were 
found as incidental lesions in infants succumbing 
from other diseases, but these were eliminated from 
the study because they never had signs or symptoms 
referable to the atrial septal defect.” 

Incidence of atrial septal defect in infancy: 
The atypical findings and lack of symptoms that so 
often accompany left to right atrial shunts in infancy 
explain to some extent why this lesion is underdiag- 
nosed at this age level.1-8 They probably also ac- 
count for Carlgren’s finding that only 4 of 18 chil- 
Gren with definite secundum atrial septal defect had 
this diagnosis by age 1 year whereas the condition. of 
children with ventricular septal defect or cyanotic. 


heart disease was usually diagnosed by this age. For: 


these reasons, the natural history of atrial septal de- 
fect remains unknown. In addition, it is obvious from 
our findings and those of others that spontaneous 
closure of atrial septal defect can take place; if it oc- 
curs in a significant number, it may account for seri- 
ous underestimation of the incidence of atrial septal 
defect at birth. 
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Changes of Atrioventricular Conduction with Agei in 
Infants and Children 


JOSE B. ABELLA, MD Analysis of 100 His bundle electrograms obtained in infants and chil- 
OTTO H. P. TEIXEIRA, MD dren revealed that all A-V conduction events, that is, the P-R, P-H, 
KABI P. MISRA, MD P-A, A-H and H-V intervals were age-dependent. A constant rela- _ 
ALOIS Ae HASTREITER, MD, FACC tion was observed in the various age groups when these intervals. : 
were expressed as a function of the P-R interval. The variability of E : 
the A-V conduction intervals within the various age groups and their ae 
cycle to cycle variability also remained constant with age. Since the 
variations of the P-R interval with age in infants and children are 
known, simple formulas can be derived that permit the calculation: of a 
the average value, “normal” range and cycle to cycle variability of ' 
the P-H, P-A, A-H and H-V intervals at any age. : 





z Chicago, Minois 








It is well known‘that in man, as well as in other animal species, the 
heart rate and the total atrioventricular (A-V) conduction time, a 
determined from the P-R interval of the electrocardiogram, are 
greatly influenced by age. The former decreases from birth to adult 
life, while the latter becomes prolonged. By utilizing the technique of 
Scherlag et al.! for recording intracavitary His bundle potentials i in 
man, it is now possible to determine the duration of the various com 
ponents of A-V conduction (intraatrial conduction, conductior 
through the A-V node and conduction time from the His bundle to 
the interventricular septum) in persons with relatively intact circula- 
tion. The normal ranges of these intervals have been determined for 
human adults?-3 but not for infants and children. 

This report deals with an analysis of the A~V conduction intervals 
determined from 100 consecutive intracavitary His bundle recordings 
in infants and children with a normal P-R interval. The study was 
conducted in order to establish the “normal” ranges and variability 
of the various A-V conduction intervals as a function of age. St 


Material and Methods 


Intracardiac His bundle recordings (Fig. 1) were obtained in 1 100 children l 
ranging in age from 3 days to 18 years, after a diagnostic cardiac cathéter- 
ization, Most children had congenital heart disease; the types of defects are 
listed in Table I. The age distribution is shown in Table I]. The technique 
consisted of passing a 2-, 3- or 6-polar electrode catheter into the right heart | 
by way of the saphenous or superficial femoral vein and positioning the elec 
From the Division of Pediatric: Cardiology, trodes in the area ef the tricuspid valve. The interelectrode distance range 
University. of Illinois ‘Hospital and Abraham from 2 to 10 mm. In most cases, a bipolar catheter was used since additio 
Lincoln. School of Medicine, Chicago, Ill. al electrodes add to the size and rigidity of the catheter, thus increasing t 
This study was supported in part by the Uni- possibility of trauma. His bundle recordings were made according to st 
versity of Illinois Foundation, Goodenberger © dard _techniques.!-? The proximal terminal of the electrode catheter wa: 
_ Medical Research Grant 2-44-33-66-3-14. plugged into an 8 channel distribution switch box which permitted the se- _ 
: Maruscnipl oee ne Ps 1972, accen jection of combinations of various bipolar and unipolar leads. Each channel 
ed July 21, 1972; ee 08 the distribution switch box could be fed into a separate alternating cur- 
-o Address for reprints: Alois Bo rent input of a standard electrocardiographic. preamplifier of an 8 channel. - 

MD, Department of Pedi oscilloscopic photographic recorder (Electronics for Medicine DR-8 or 
wlett-Packard Sanborn 560 series). This arrangement. permitted the si- 






























ty OF 
= Winois Hospital, 840 South Wood St, Chica- : 
go, HI. 60612. a multaneous recording of 2 or more bipolar or unipolar intracardiac electro- 








grams, or both, in addition to 2 surface electrocardiograph- 
ice leads, H and V; (Fig. 1). The frequency range was 40 to 
(00 Hz for the intracardiac and 0 to 20 Hz for the external 
ds. Recordings were made at paper speeds of 100 or 200 
sec, or-both.. Whenever necessary, His bundle-trac- 
_ were obtained. with simultaneous atrial pacing in 
-to validate the recording of the His bundle poten- 
tial. ‘There were no complications from the study. 
[easurements: The following A-V conduction inter- 
were measured during 10 successive heart cycles of 
ch set of tracings by the same investigator: 

1. Cycle length (R-R interval). 

2. P-A interval: from the earliest onset of the P wave 
recorded on either the unipolar electrogram or the stan- 
dard electrocardiographic leads to the peak of the first 
rapid deflection of the atrial wave of the bipolar electro- 
gram recorded in the tricuspid valvular area adjacent to 
the A-V node. This interval is considered to provide an 
estimate of the intraatrial conduction time; its normal 
alue in adults ranges from 25 to 45 msec.? 

3. A-H interval: from the first rapid deflection of the 
polar atrial electrogram to the first rapid deflection of 
ie bundle of His electrogram. Since the intracavitary atrial 
sntial is recorded from the area adjacent to the 
-V node, this interval represents the conduction time 
ugh the A-V node; it measures from 50 to 120 msec in 
lts? 

H-V interval: from the first rapid deflection of the 
-bundle potential to the earliest ventricular depolar- 
ization recorded on any one of the intracardiac electro- 
ramsor standard leads. It represents the His bundle to 
ntricular septum activation time and measures 35 to 452 
35 to.553 msec in adults. 

` P-H interval: obtained by adding the P-A and A-H 
rvals, it represents the time corresponding to intra- 
al plus intranodal (A-V node) conduction and measures 
80 to 140 msec in adults.$ 

6. P-R interval: obtained by adding the P-A, A-H and 
=V or the P-H and H-V intervals, it can be measured in 
the standard electrocardiogram (lead ID) and represents 
total duration of A-V conduction, that is, from the 
me of origin of the impulse in the sinus mode to the time 
of its arrival at the ventricular myocardium. It measures 
0 to. 200 msec in adults. 

he measurement of one or another interval of the 
‘acing could not be performed with confidence, that in- 
terval was completely excluded from the final analysis. 























































Results 





Analysis of Data 


| each patient- the mean value, variance and 
standard deviation of the cycle length and the vari- 
A-V conduction intervals were determined for 10 
cessive heart cycles. These values were labeled in- 
vidual. mean, variance and standard deviation. 
hey expressed the cycle to cycle variability of the 
intervals. The patients were then classified according 
: to 6 age groups (Table II). With use of the individual 
ean values of each interval, the mean, variance, 
ndard deviation and standard error of the mean 






































p group (Table IH). 
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e calculated for each age group. These values _ 
e labeled the group mean, variance, standard de- 
ion and standard error, They reflected the distri- 
bution of the individual mean values within each age 


FIGURE 1. 
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TABLE | 
A-N Conduction Intervals: Distribution of 100 Cases 
According to Type of Cardiac Lesion 

Cardiac Lesion Cases (110.) 
Ventricular septal defect. 20 
Atrial septal defect u 
Normal heart 12 
Valvular pulmonary stenosis hs: 
Aortic stenosis any 
Patent ductus arteriosus 6 
Tetralogy of Fallot § 
Mitral insufficiency 5 
Miscellaneous 18 

00 


Total 100. 


TABLE II 


A-V Conduction Intervals: Distribution of 100 Cases” 
According to Age Group of Patients 














Mean + SD Patients 








Age Group (months) mo) 
1 (<1year) 6.36 3.70 20 
2 (1-2 years) 24.43 4° 7.93 wore: 
3 (3-4 years) AP S54 8.77 Hee 
4 (5-6 years) 70.15 5.89 
5 (7-11 years) 115.30 + 18.18 
6 (12-18 years) 180.33 =: 18,58 

Total group 
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TABLE Ili 


A-V Conduction Intervals: Group Mean Values, Standard 
Deviation and Standard Error of the Mean 


















Age Group 
1 2 3 4 5 6 Total 
Cycle length 
(msec) 
Mean 411.5 498.3 558.9 605.2 662.3 703.7 565.9 
SD 43.4 65.5 92.5 127.9 134.0 137.7 145.6 


9.71 16.4 21.8 35.5 34.6 33.4 14.6 
P-A interval 


(msec) 
~Mean 25.6 26.2 29.1 28.7 32.5 32.5 29.4 
“$b 8.0 60 55 4.7 106 82 7.9 
SEM 1.83 2.14 1.30 1.37 2.73 1.99 0.81 
A-H interval 
(msec) 
Mean 62.5 73.5 65.7 71.5 76.4 78.4 71.2 
sp 15.5 7.6 15.8 14.5 21.0 15.4 17.0 
SEM 3.47 2,69 4.23 4.19 5.42 3,86 1.80 
H-V interval 


27.9 28.2 29.4 35.3 34.5 38.1 32.6 
7.6 #63 76 46 96 8.1 8.4 
1.70 2.21 1.84 1.28 2.49 1.90 0.85 


112.7 126.6 127.7 133.5 139.6 146.9 132.0 

“15.4 11.4 17.6 14.2 16.7 17.4 19.8 
EI 3.63 4.03 4.71 3.94 4.46 4.22 2.11 
P-H interval 


(msec) 

‘Mean 87.1 98.4 97.4 98.2 104.6 109.3 98.4 

SD. - 13.8 10.1 13.7 14.3 14.8 13.9 19.5 
3.97 3.96 3.37 2.01 


SEM 3.17 3.57 6.76 





Distribution. of group mean values among age 
-groups: With use of an analysis of variance 
(ANOVA) or F distribution method, a statistically 
significant difference in the group mean values 
among the 6 age groups was found for the cycle 
length and P-R intervals (<0.001), the H-V interval 
“(P <0.005). andthe P-H interval (P <0.01); for the 
-P-A and A-H ‘intervals there was a difference of bor- 
derline significance (P <0.05). When comparing the 
youngest and oldest age groups (Groups Í and 6) by 
both the F method and the unpaired t test, a signifi- 
cant difference at the P- <0.05 level or lower was 
found for all intervals. Correlation analysis of the 
‘group mean values with age revealed a statistically 
‘significant correlation for all intervals; the logarith- 
mic correlation provided generally a better fit (Table 
ViA polynomial equation of ‘second degree (para- 
bolic) was also fitted to the group mean intervals, 
‘but provided smaller r values than the logarithmic 
correlation. ee 
Distribution of individual mean values within 
age groups: Except for the cycle length, the vari- 
ability of the individual mean intervals, expressed as 


, 
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TABLE IV. 


A-V Conduction Intervals: Correlation Coefficients of Group 
Mean Values* 





ie Interval 
Age LogwAge CL P-R PHO PAO AXH CHN 








Age 0.936 0.940 0.911 0.926 0.804 0.922 
Logwage 0.992 0.981 0.947 0.920 0.819 0.871 
cL 0.984 0.942 0.951 0.821 0.913 
P-R 0.981 0.909 0.898 0.895 
P-H 0.878 0.923 0,801 
P-A 0.720 0.838 
A-H 0.748 
H-V 


* (for 4 degrees of freedom and P <0.05, r= 0.811).‘ 
CL = cycle length. 


TABLE V 


A-V Conduction Intervals: Variability of Group Mean Values 
(+2 SD)—Distribution of Individual Mean Values within 
Various Age Groups* 








Age 
Group CL PR PH PA AH HV 
1 a 2B 32 63 50 $ 
2 26 B8 21 46 21 45 
3 B3 ë 2 38 38 48 54 
4 42 2 29 33 41 26 
5 at 4 28 65 55 56 
6 3 B 25 51 40 43 
Total 24.1 28.9 49.1 42.3 46.2 





* Values expressed in percent of group mean, 


2 standard deviations of the group mean value, 
showed no statistically significant difference among 
age groups. The overall total average value for the 
A-V conduction intervals was 31 msee for the: P-R; 


28 msec for the P-H, 14 msec for the P-A, 30 msec 


for the A-H and 15 msec for the H-V interval. When. 
expressed as a percent change of the group mean, 
these values were 24.1, 28.9, 49.1, 42.3, and 46.2 per- 
cent, respectively. They were comparable with re- 
ported values for adults?-3 although they tended to- 
be sornewhat higher. The age distribution of these 
values is shown in Table V, i 
Correlation of group mean values. of various _ 
A-V conduction intervals: Correlation of the 
group mean values-of the different A-V- conduction a 
intervals with each other provided statistically sig- 
nificant r values for most sets of intervals analyzed 
(Table IV). When the group mean intervals were ex- 
pressed as a percent value of another interval, such > 
as the P-R; P-H, A-H and H-V. times, there was re- 
markable constancy among the various age groups. 
The age distribution of. these values is shown in 
Table VI. The relation of the various A-V conductien: 








-intervals with the cycle length will be described 
<o later. 
ou. Variability of the A-V conduction intervals in 
. gsuecessive cardiac cycles: Analysis of the cycle to 
- cycle variability of the various A-V conduction inter- 
vals indicated again a remarkable constancy among 
_ the various age groups. The average variability was 
expressed as the square root of the arithmetic aver- 
age of the individual values for variance. Maximal 
variability was represented as 2 times the standard 
<o o deviation of the individual variances. The overall av- 
= erage and maximal cycle to cycle variability were 4.8 
(maximal 15.3) msec for the P-H, 3.6 (maximal 11.7) 
= msec for the P-A, 2.8 (maximal 9.7) msec for the 
A-H, and 2.6 (maximal 8.4) msec for the H-V inter- 
val. When expressed as percent change of the indi- 
vidual mean value, the values are 7.3 percent (maxi- 
mal 11.5) for the P-R, 8.8 percent (maximal 13.9) for 
the P-H, 24.6 percent (maximal 9.7) for the P-A, 7.7 
(maximal 13.5) for the A-H, and 15.9 percent (maxi- 
mal 26.0) for the H-V interval. The age distribution 
of the average and maximal cycle to cycle variability 
of the A-V conduction intervals, expressed as percent 
change, is shown in Table VII. 
-Variability of cycle length with age: Of the 
- various intervals analyzed, the cycle length changes 
showed the highest degree of correlation with age 
(Table IV). Unlike the A-V conduction intervals, 
there was also a significant difference in the group 
“mean variability of the cycle length (R-R interval) 
among the various age groups. This occurred in ab- 
solute terms (milliseconds), as well as in relative 
terms (percent change of group mean value). The 
_ absolute difference ranged from 25 msec in Group 1 
to 275 msec in Group 6, whereas the percent vari- 
ability changed from about 20 to 40 percent in the 
. same age groups. The individual cycle to cycle varia- 
tion also showed an increase of borderline statistical 
-o significance with age, ranging from 11 to 45 msec 
- (maximal 41 to 171) or from 6 to 13 percent (maxi- 
o mal 10 to 25) in Groups 1 through 6. 


















-Variation of the A-V Conduction Intervals with Age 


osoo The observation that the various A-V conduction 
_ intervals maintained a constant relation with each 
other in the various age groups should permit these 
<- -intervals to be expressed as a function of the P-R in- 
terval from the time of birth to adult life. This is 
especially convenient since the P-R interval can eas- 
ily be measured from the external electrocardiogram, 
and its age variations in infancy and childhood have 
_ been determined. Furthermore, the observation that 
the variability of the average individual values 
(when expressed as percent of the group mean) also 

_ remained constant with age should allow us to estab- 
lish, in addition to the average values of the A-V 
_ conduction intervals, their upper and lower limits of 
rmal (+2 standard deviations) in the various age 
- groups. Finally, the observation that the cycle to 
-cycle variation of the various A-V conduction inter- 
¿vals also remained constant with age (when ex- 
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TABLE VI 


A-V Conduction Intervals Expressed as Percent of 
Other Intervals 





Age % of P-R % of P=H 
Group P-H P-A A-H H-V P-A A-H 





Hof A-H ot HV 
HV PA HV PA 


7 233 56 25 29 R 3I A # Q 
78 21 5 2 27 5 232 36 3B B 
76 23 52 23 30 67 30 4&4 GG 
73 22 53 26 29 73 36 4 «649 -gQ 
75 23 55 2 31 73 32 43 Æw 
75 22 54 26 30 72 38 42 49 86. 


Total 75.6 22.2 54.2 24.5 29.3 71.8 32.1 40.8 45.2 90.8 


Hoe Wh m 


TABLE VII 


A-V Conduction Intervals: Cycle to Cycle Variability, 
Average and Maximal (in percent of mean value) 





Age Group 
1 2 3 4 5 6 








Cycle length 
Average 5.5 11.1 9.9 12.5 13.5 13.0 
Maximal 10.1 21.9 19.4 22.2 26.4 24.5 
P-R interval 
Average 7 7 7 7 7 8 


Maximal 11 12 11 10 12 12 
P-H interval 

Average 9 8 9 9 9 9 

Maximal 13 14 14 13 15 14 
P-A interval 

Average 24 26 26 24 25 24 ` 

Maximal 37 45 40 38 40 39 
A-H interval 

Average 8 7 8 8 9 8 

Maximal 12 13 13 14 15 13 
H-V interval 

Average 15 14 18 14 18 16 

Maximal 24 22 30 22 30 27 





pressed as percent change of the individual mean 
value) should permit us to establish the limits of 
normal for this variation at different ages. Analysis 
of the present data and reported data in adults led. 
to the derivation of simple formulas (Table. VII): for 
the variation of the A-V conduction intervals with 
age. The A-V intervals are expressed as a function of 
the P-R interval; the “normal” mean values, upper 
and lower limits (+2 standard deviations). and the 
average and maximal “normal” cycle to cycle vari- 
ability can be calculated from the formulas. 

On the basis of data provided by McCammon,® 
Ziegler,®. Walsh, 7:8 Michaelson? and others!?14 for 
the age variation of the normal P-R interval in in- 
fants and children, a curve depicting the average 
P-R interval as a continuous function of age frm 
birth to adult life was constructed (Fig. 2); and the 
values representing the upper and lower limits o 
‘normal were calculated on the basis of a 25 percen 
variation (equal to +2 standard deviations). Using 












` 








TABLE VIII 


Cycle to Cycle Variability* 


Interval Mean <& 2 SD 





P-R == P-R + 0.25 P-R 

P-H = 0.75 P-R + 0.30 P-H = 
P-A = 0.22 P-R + 0.40 P-A = 
A-H = 0.53 P-R + 0.40 A-H = 
H-V = 0.25 P-R + 0.40 H-V = 





0.75 P-R + 0,225 P-R 
0.22 P-R + 0.09 P-R 
0.53 P-R + 0,21 P-R 
0.25 P-R + 0.10 P-R 


A-V Conduction intervals: : Formulas E» Expressing Average Values and Lovar and Upper Limits of Normal (42 SD) and 





‘Average and Maximal = 


Mean Æ 2 SD Cycle to Cycle Variability 








(+ 7.3%, max 11.5%). 
CE 8.8%, max + 13.9%). 
( 24.6%, max. 39.7%) 
(GE 7.7%, max + 13.5%) 
(cz 15.9%, max ce 26.0%) 









: TABLE x 


-œ The average and maximal cycle to cycle variations are expressed as percent deviation from the average value. 


; AV Conduction Intervals: Normal Range of Values in Selected Age Groups 








Conduction Intervals (msec) 































7 igures in parentheses indicate average values. 


the formulas shown in Table VII, similar curves and 
tables could be constructed for the P-H, P-A, A-H 
-and H-V intervals (Table IX). The corresponding 
-scattergrams are shown in Figures 2 through 5. The 
values for adults derived from these formulas, tables 
and graphs are in relatively close agreement with the 
normal mean values and ranges (+2 standard devia- 
tions) (in msec) obtained recently by Dhingra et 
al.15 in 61: adults (Table X}. Although the P-H 
values of the 2 series match almost perfectly, the dif- 
_ ferences in P-A and A-H intervals probably result 
rom slightly different. methods of measurement. The 
ranges of the H-V interval measurements, particu- 
larly the lower range, are somewhat wider in this se- 
ies, perhaps because of the inclusion of cases with 
ordinc defects. ne 


“Discussion 


The reports of A Alanis et altin 1958 and of Scher- 
lag et al.3:16 in -69 emonstrating the feasibili- 
“ty of recording tary His bundle potentials 














“man, have open 


conduction,® sites of various forms -of A-V 
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igues in animals and in oe 
avenue for considerable en- 


hancement of the understanding of physiology of | bundle recordings in infants and children. One of the = 
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P-R P-H P-A A-H HV 
1 Day. 75~125(100) 53-98(75) 13-31(22) 32~74(53) 15-3625) 
2 Weeks 71~119(95) 50-93(71) 13-29(21) 30~-71(50) 14-33(24) 
1-Month 80-133(106) 56~104(80) 14~33(23) 34-79(56). 16~37(27): 
3:Months 85-142(113) 60-110(85) 15-35(25) 36-84(60) 17-40(28) 
6 Months 88-147(118) 62~115(88) 16-36(26) 37-87(62) 18-41(29) 
12 Months 92--153(122) 64~119(92) 16-38(27) 39-91(65) 18-43(31) 
24 Months 96-161(128) 67~125(96) 17-40(28) 41~95(68) 19-45(32)) o 
” 3 Years 99--165(132) 69-129(99) 17-41(29) 42--98(70) 20-46(33) - 
5. Years 103~171(137) 72-133(103) 18-42(30) 44~101(73) 21-48(34) 
8 Years 109-182(145) 76~142(109) 19-45(32) 46~108(77) 22-51(36) 
-12 Years 115-191153) 80-149(115) 20-47(34) 49~113(81) 23-53(38) 
“15 Years '118-196(157) 82-153(117) 21-48(35) 50-116(83) 24-5539 a 
18 Years 119-198(159) 83~155(119) 21-49(35) 51-118(84) 24-5600) 






















blocks,? and the mechanisms of many arrhythmias: 

The recording technique is relatively simple and has 

been shown to be safe in man, including infants and 
children, 

Simultaneous recordings of the His bundle poten- 
tial (a sharp biphasic or triphasic deflection averag- 
ing 15 to 20 msec in duration), using bipolar or 
multipolar electrode catheters, and of standard ex 
ternal electrocardiographic leads permit subdivision _ 
f the P-R interval into a P-A period, which reflects 
the intraatrial conduction time, an A-H period, ex- 
pressing the.conduction time through the A-V node, 
and an H-V. period, ‘which. is the conduction time 
from the His bundle to the ventricular septum (Fig. 
1). The sum of the P-A and A-H intervals represents _ 
the P-H period, and the sum of the P-H and H-V 
intervals represents the total P-R interval. The a 
age duration of these intervals in adults is 160 
for the P-R, 120 msee for the P-H, 35 msec for the 
P-A, 85 msec for the A-H, and 40 msec s for the H-V ' 

interval. 5 
‘There are eony isolated teporis tts « on studies of — 
A-V conduction intervals based on intracavitary His — 




















major obstacles to such studies has been | the realiza- 














: TABLE x 


\-V Conduction intervals: Normal. Moan Values.and Ranges: 
+2 SD) in Present Series (orauated for age 18 years) and 








z Conduction Intervals (msec) 
P-H: P-A A-H H-V 














resent series | 
(100 children) 119(83-155) 35(21-49) 84(51-118) 40624-56) 
Dhingra etal. 
Gl adults) 





119(81-157) 27(9-45)  92(54-130) 43(31-55) 












URE 2. P-R interval: distribution of 
es as a function of age. The predicted 
rage values and upper and Jower limits of 
mal (2 SD) are indicated. 





3. P-A- interval: ‘distribution of- 
function of age. The predicted 
lues and upper and lower limits of. 

ae SD) are indicated. : ; 
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tion that, in -coatinst to the situation | in adults, there ` 
is considerable variation of these intervals with age, 
particularly in the early months and years of life. 
Normal reference standards for the age variation of 
the cycle length (or heart rate) and the P-R interval, 
which can be measured from the external electrocar- 
diogram, have been established; however, such stan- 
dards do not exist for the other A-V conduction in- 
tervals. The results of 2 previous studies in children 
were not consistent or conclusive. The report | 
Brodsky et al.,17 based on 35 recordings, concluded 
that “the ‘normal’ increase in the PR interval note 
with age can be localized to the PH interval prox 
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mal to the His bundle.” On the other hand, the 
study of 47 cases by Roberts and Olley?® demon- 
strated that “the prolongation of the PR interval; 
which occurs with the increase in age, occurs at the 
HV interval; there was, however, no significant. dif- 
ference in the P’H intervals.” (Their P’H intervals 
“correspond to the A-H intervals in our report.) ` 

The analysis of 100 His bundle electrograms in our 
series reveals that all A-V conduction intervals are 
age-dependent and hat the age variation is easily 
predictable. Detailed 
surements of 10 successive cardiac cycles per patient 
led to the following conclusions: (1) the relation of 
~ the various A-V. conduction intervals (P-H, P-A, 
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~ tervals remains constant with age. From these ob 


tistical analysis of our mea- 
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FIGURE 4. A-H interval: distribution of 
200 cases as a function of age. The predicted 
average values and upper and lower limits of 
normal (+2 SD) are indicated. 








180 








FIGURE. 5, H-V interval: -distribution of 9 < 
cases as a function of age... The predicted. 
average values and. upper and lower limits zor 
normal (+2-SD) are indicated. 





A-H and H-V) to the P-R interval remains constant _ 
with age. (2) The variability of these intervals within- 
the age group (when expressed as percent of the av- > 
erage value) remains constant with age. (3) The — 
cycle to cycle variability of the A-V conduction in- 












vations, the average “normal” values, the “normal! 
limits and the “normal” cycle to: cycle. variability : 
can be easily determined as a continuous function of- 
age from birth to adult life (Fig. 2 through 5 and 


-Table IX). The results predicted for young adults 


match the previously. reported findings for this age 
group.2-3 The values in infants and children reported _ 
by Brodsky ¢ et al., IT: Roberts and Oley. and Cohen - 









et al.19 also fall within the predicted limits. The fact 
‘that data in infants and children with congenital 
heart disease were used to establish our “normal” 
lues should probably not affect the mean values 
significantly, since the systematic age effect by far 
outweighs the random effect resulting from the dif- 
ferent heart lesions included in the series. It may, 
: however, affect the “normal” range to some degree; 
one would expect that in truly normal infants and 
children the range would probably be somewhat nar- 
_ rower. 
~The observations related to the changes in heart 
-rate (cycle length) versus the changes in the duration 
~of the A-V conduction intervals with age suggest 
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that the slower heart rate of older children, due to 

greater vagal predominance, is also more susceptible = 
to neurohumoral influences. The group variability _ 

and individual cycle to cycle variability of the P-R 
and other A-V conduction intervals, when compared | 
to cycle length variability, suggest that, although 
greater vagal predominance occurs later in life, the 
susceptibility to neurohumoral effects is not en- 
hanced. On the other hand, the small decrease in the 
duration of the various A-V intervals. in. relation to 
the cycle length in the various age groups suggests 
that the age-related vagal effect on cardiac rhyth- 
micity is more pronounced than its effect on A-V- 
conduction. : 
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-Late Onset Complete Heart Block 














































Newly Recognized Sequela of Cardiac Surgery 


ARTHUR J. MOSS, MD, FACC Two children who had undergone definitive repair of tetralogy of Fal- 
< GWEN KLYMAN, MD lot suddenly had sustained complete heart block 3 and 4 years, re- 
GEORGE 9: EMMANOUILIDES, MD, spectively, after operation. Review of the literature and a nationwide 
FACC o 5 survey revealed similar experiences in additional 18 cases. Ten of 
Los ‘Angeles and Torrance. California the patients had tetralogy of Fallot, 5 had endocardial cushion de- i 
a fects, 4 had isolated ventricular septal defects, and 1 had transposi- aE 
tion of the great vessels. The interval between time of. operation and ue 
documentation of the block ranged from 1 month to 14 years. oe 

The data indicate a need for careful evaluation of postoperative 
conduction disturbances. Delayed onset of complete heart block is a 
possibility in all patients but particularly in those with evidence of 
damage to one or both bundle branches. 


Since the advent of open heart surgery, an increasing haaber of 
long-term operative sequelae have been recognized. These include 
ventricular aneurysm, fistulas, valvular insufficiencies and conduc- 
tion disturbances. Complete heart block, much less common than in 
earlier experiences in cardiac surgery, still occasionally occurs. This 
serious complication appears in the very early postoperative period 
and is attributed to various types of trauma to the His bundle at the 
time of operation. In many instances, the block is transient, and reg- 
ular sinus rhythm reappears in a matter of hours, days or weeks. — 
This spontaneous conversion of the conduction abnormality has been. 
considered to reflect a long-term favorable prognosis. However, re- 
cent reports indicate that this may not necessarily be the case, 

Potter et al.l describe a 12 year old boy with tetralogy of Fallot 
who, after an initial postoperative period of transient. heart block, 
some years later had complete atrioventricular (A-V) dissociation = 
which required pacemaker implantation. Squarcia et al.? described 2 
children with similar experiences and speculated that the predispos-.__ 
ing basis might be complete right bundle branch block with left su- E 
perior hemiblock incurred at the time of operation. g 

The present report describes 20 additional instances of delayed D 
onset of complete postoperative heart block, 2 from our own experi- 
ence and 18 obtained in a nationwide survey of other pediatric car- 
2 diologists. The data suggest (1) that this complication may be more 
‘Prom the Deparment of Pediatrics Univ ers common than previously believed, and (2) that it may develop with- -— 
ty of California. Los Angeles, School. of Med- out an initial transient. period of complete A-V dissociation « or evi : 
ine Calif., and Harbor General Hospital dence of bilateral bundle branch damage. 

















Torrance, Calif. be h study was ; supported in: Case Repo rts 
À : Case 1: A 7 year old Negro boy underwent. definitive r repair al i taiao 
Ar w J Moss, MD,” of Fallot on May 27, 1967: The diagnosis had been confirmed by cardiac 
i Univeral of catheterization at age 2 years, aed a Blalock-Taussig anastomosis had been 
angi i e: performed at age 4 years. 
the Genter for the Health Sciences, Los an oo At the time of definitive repair, a large ventricular septal defect was visu-: 


geles, Calif.90024. alized and there was associated severe valvular and infundibular pulmonic 


e 
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ed anastomosis, pulmonary valvotomy, resection of 
infundibular stenosis and closure of the septal defect 
an Ivalon® patch. The immediate postoperative peri- 
as complicated by complete A-V dissociation. On the 
Oth postoperative day, normal sinus rhythm was ob- 
served and this rhythm persisted to the time of discharge. 
At that time, the electrocardiogram showed evidence of 
; complete right bundle branch block with left anterior 
hemiblock. Periodic follow-up examination showed the 
: rhythm to be unchanged. 
On September 18, 1971, the patient was readmitted be- 
_ cause of congestive heart failure. He had been seen 1 week 
_ previously for nausea, vomiting, dizziness and abdominal 
pain and was given symptomatic treatment for “flu.” On 
admission, the electrocardiogram showed complete A-V 
lock with a ventricular rate of 32/min. Two days later, 
transvenous pacing was temporarily instituted, but after 2 
weeks it became obvious that pacing of a more permanent 
“mature would be required. A Medtronic cardiac pacemak- 
er was implanted and attached to a transvenous electrode 
atheter. placed in the right ventricle. The patient was 
charged on October 13th and has since remained 
aptomatic. 





Case 2: A 5 year old Caucasian boy was admitted on 
uly 14, 1968 for definitive repair of tetralogy of Fallot. 
The diagnosis had been confirmed by cardiac catheteriza- 
tion at age 2 years. 


Age (yr) & Sex Lesion 


Y (Lambert) BF 


2 (inger’) 6M 
3 (Wilson®) 6F 






4 Cayler) 16M 


5 (Goldberg’) 4M 


6 (Moller) 29M 
7 Moller’) 15M 
8 (Fashena’) 18M 


eg (Fashena®) ™ 





10.(Potter et al.) 14M 


osis. Operation čonnisted of ligation of the surgically- 


nty Cases of Postoperative Delayed Complete Heart Block 





Tetralogy of Fallot 


Tetralogy of Fallot 
Ventricular septal defect 
Tetralogy of Fallot 


Tetralogy of Fallot 


Ventricular septal defect 
Ventricular septal defect 
Tetralogy of Fallot 
Tetralogy of Fallot 


Tetralogy of Fallot 
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At operation, a large ventricular septal defect with se- — 
vere valvular and infundibular pulmonic: stenosis was 
visualized. Pulmonary valvotomy and infundibular resec- 
tion were carried out and the septal defect was closed. _ 
with an Ivalon patch. At the close of operation, the 
rhythm was normal sinus and remained so. Serial electro- 
cardiograms. taken during. and after hospitalization 
showed. complete right bundle branch block without any 
evidence of left hemiblock... 

Almost 3 years later, on April 27; 1971, the patient su 
denly lost consciousness and stopped. breathing. He was 
resuscitated by his mother, an ICU nurse, and rushed to 
the hospital. On admission, he was. alert ‘and apparently 
well, but the heart rate was only 52/min. The electrocar- 
diogram showed complete A-V block. He was paced by 
the transvenous route and repeated attempts to wean him 
off the pacemaker resulted in either severe bradycardia or 
syncope. A Medtronic pacemaker was accordingly im- 
planted and attached to a transvenous electrode catheter 
placed in the right ventricle. He was discharged on June 
2, 1971, and has remained asymptomatic: 


Results of the Survey 


To shed further light on this disquieting develop- 
ment, a nationwide survey of pediatric cardiologists 
was conducted. Of 237 physicians polled, 78 replied. 
The results are shown in Table 1.*-43 In addition ‘to 
the 3 previously reported cases and the 2 cases de- 






















Course 








Postoperative transient heart block for 16 days’ 
followed by NSR, CRBBB, right axis - 
déviation. Four years later CHB developed. 
Now asymptomatic with ega 
pacemaker. 

CHB 1 year after operation. 

NSR postoperatively. No bundle branch block. ` 
CHB 11/2 years after operation. Asymptomatic 
during 2 year follow-up. No pacemaker. < = 

Transient postoperative CHB for 11 days: NSR . 
for 8 years, then CHB developed. : 

Transient CHB postoperatively for 4 days. 
Returned to NSR, When examined 1 month 
later had CHB. Died. ; ; 

CRBBB and LA hemiblock after epeleton. 
CHB 10 years later. Sudden death. 

CRBBB and LA hemiblock after operation. 
CHB 14 years later. Sudden death.. 

Surgery at age 10 years. Transient CHB. 
IRBBB (no left axis). CHB at age 18 years. 

Surgery at age 5 years, ‘No LBBB 
postoperatively. CHB 2 years: later. 

Initially had complete A-V dissociation 
reverting 11 days postoperatively to 
intermittent periods of normal conduction, 
alternating wth RBBB andi incomp lete LBBB. 
One and a half years. later, coincident with 
Hong Kong influenza, intermittent period of 

‘BBB. Now sevarptomatic with implanted 
pacemaker, 
























continued 
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| “TABLE 1 (continued) 


7 -Twenty Cases of Postoperadin Delayed. Complete Heart Block 





Case no, ` Age (yr) & Sex” Lesion 


Course 





11 (Squarcia et al.*) 12M 


12 (Present Case 1) 11M 


13 (Present Case 2) 8 1/2M 








14 Jue”) 7 1/2F 


15 (Lurie) ? 
16 (Bargeron??) 5 1/2F 


17 (Stanton) 3F 
-18 (Stanton?) 8M 


19 (Stanton) 11F 


20 (Squarcia et al.) 14F 





Ventricular septal defect 


Tetralogy of Fallot 


Tetralogy of Fallot 


Tetralogy of Fallot 


Ostium primum defect 
Complete transposition 


Ostium primum defect 


Ostium primum defeet 


Ostium primum defect 


Partial A-V canal 


Patient: had postoperative CHB which 
persisted intermittently for 2 days: when 
NSR returned. CHB 11 years postoperatively. 
Now asymptomatic with implanted 
pacemaker, 

Transient complete A-V dissociation 
postoperatively. Twenty days later reversion 
to NSR with RBBB and LA hemiblock. Four 
years later CHB associated with “flu” 
symptoms. Now asymptomatic with 
implanted pacemaker. 

Postoperative RBBB (no LA hemiblock). Three 
years later CHB. Now asymptomatic with 
implanted pacemaker. 

Postoperative A-V dissociation for 48 hours. 
Conversion to sinus rhythm with CRBBB 
and left axis deviation. Four and one half 
months postoperatively CHB developed 
requiring pacemaker. 

CHB for few seconds only during operation. © 
CHB developed 6 months later. 

No bundle branch block postoperatively. CHB 
2 1/2 years after Mustard procedure. Died. 

Transient CHB postoperatively for several days,. 
Return to NSR with RBBB. CHB 3 months 
later, Pacemaker implanted. 

Transient CHB postoperatively for a few dave: 
Return to NSR with RBBB. CHB 5 months 
later. Pacemaker implanted. 

Transient CHB postoperatively for 10 days. 
Return to NSR with RBBB. Three years later. = 
2:1 heart block. Five years later CHB.. 
Pacemaker implanted. 

Postoperative transient CRBBB with return to 
NSR—no heart block. One year 
postoperatively transient CHB. Five years 
postoperatively CHB. Now asymptomatic 
with implanted pacemaker. 













“scribed here, 15 additional cases were described, thus 
bringing the total number to.20. Ten patients had 
‘tetralogy of Fallot, 5 had endocardial cushion de- 
fects, 4 had isolated ventricular septal defects and 1 
- had transposition of the great vessels. 
_. The interval between the time of operation and 
_ documentation of the block ranged from 1 month to 
14 years. A period of transient complete heart block 
-in the immediate postoperative period was observed 
.in. 14 of the 20 patients. Detailed documentation of 
the distribution of the postoperative bundle branch 
block was not available in all cases. If one assumes 
that the patients. with. endocardial cushion defects 
had left anterior hemiblock, 11 of the 20 had evi- 
dence of such block. Four had only right bundle 
-branch block, and 2 had no bundle branch block. . 


* 


B86. 





. BBB = bundle branch block; CHB = complete heart block; CRBBE = complete right bundle branch block; IRBBB = 
right bundle branch block; LA = left anterior; LBBB = left bundle branch block; NSR = normal sinus rhythm. 
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incomplete 


Of the 20 subjects, 2 died suddenly and 10 of the 
remaining 18 have pacemakers. The survey also re- 
vealed 5 unexplained instances of sudden death that’ 
eccurred as long as 10 years after operation. In 1°. 
case, the patient had transient complete A-V block | 
in the immediate postoperative period. Some. of’. 
these instances may represent examples of the same - 
syndrome. 


Discussion 


Postoperative bundle branch block following o oper- 
ative repair of ventricular septal defect is not un- 
common. It generally involves only the right bundle 
but may also involve the left. In the latter case, the 
right bundle and the anterior division of the left 
bundle may be injured by suture penetration, hem- 








- orrhage or infarction. The electrocardiographie char- 
acteristics are right bundle branch block with left 
xis deviation or alternating complexes of left and 
_ right bundle branch block. The left axis deviation re- 
sults from block of the anterior division of the left 
bundle branch and A-V excitation depends solely on 
conduction in the posterior division of the left bundle 
branch. Such a condition is known to be frequently 
complicated by complete A-V block. The 3 previous- 
ly described patients all had evidence of bilateral 
bundle branch block as did 1 of our 2 patients. In 
our Case 1, it is possible that the block may have 
been. precipitated by a “flu-like” illness. 


























and the 5 unexplained late sudden deaths are cause 
for concern. Evidence of damage to both bundles at 
the time of operation should be viewed as an omi- 
nous sign. Such a circumstance leaves little capacity 
to absorb further insult to the conduction system 
and subsequent subclinical or overt myocarditis, 
scarring or atherosclerosis might well result in sus- 
tained complete heart block. The data indicate that 
this can occur even when only the right bundle 
branch is involved and, in 2 cases, it seems that the 
_ conduction system was intact.3-12 

Itis not surprising that 5 of the 20 patients had an 

endocardial cushion defect. The majority of patients 
with this lesion have incomplete right bundle branch 
< block with left anterior hemiblock in association 
with their defect. This preexisting conduction abnor- 
mality may render them particularly susceptible to 
postoperative heart block. 
Delayed onset postoperative heart block is espe- 
=e cially hazardous because it may occur without warn- 
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ing in otherwise well children and may be a cause of 
sudden death. At this time the true incidence of this _ 
complication is difficult to assess. Downing et al.14 
found that 6.4 percent of patients with ventricular _ 
septal defect and 10.7 percent of those with tetralogy 
of Fallot had postsurgical left anterior hemiblock 
and right bundle branch block. Delayed onset o 
complete heart block was not observed. On the oth 
hand, Wolff et al.15 found that 10 of 24 patients wit 
tetralogy of Fallot complicated by postsurgical. left 
anterior hemiblock and right bundle: branch: block | 
subsequently experienced complete heart block. It is 
very likely that delayed onset of complete he: 
block will be encountered more frequently as. chil 
dren subjected to open heart operation are followed 
up into the adult years, when atherosclerosis cand 
coronary artery disease may compound the condu 
tion abnormality. 






































Conclusions 


The data indicate a need for careful evaluation o 
postoperative conduction disturbances. Complete. 
A-V block in the early postoperative period which is. 
only transient in nature should be viewed with more 
than casual concern in light of the long-term progno- 
sis. Patients who have been subjected to open heart 
surgery must be followed up for indefinite periods, 
and it is crucial that serial electrocardiograms be re- 
corded. Delayed onset of complete heart block is a 
possibility in all but particularly in those with evi 
dence of damage to one or both bundle branch 
The data suggest that postoperative right bundle 
branch block may not be as benign as previously be 
lieved. 
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Morphologic Features of Right Ventricular Ectopic Beats 


A study of the morphologic features of right ventricular ectopic bean pii 
produced by stimulating the endocardium of the right ventricle witha 
nonpacing catheter tip, and a comparison of these features with the — 
patterns of classic left bundle branch block, afforded the. following | 
clues: (1) a wide (>0.04 second) r wave in lead Vi; (2) a QS or cs 
complex deeper in lead V, than in V,; and (3) right axis deviation in. 
the frontal plane occurring commonly in right ventricular ectopic 
beats and rarely in left bundle branch block. Fi 
Artificially paced right ventricular beats shared the first 2 charac- 
teristics (wide r wave in lead V; and deep QS or rS complex in lead 
V4) with the ectopic beats produced at catheterization but, unlike. 
them, displayed an invariable /eft axis deviation. 
Application of these findings to the clinical tracing may be. helpful 
in discriminating between right ventricular ectopic beats and abe 
tion of the left bundle branch block type. : 










One of the more important differential diagnoses i in cardiology i 
tween the ectopic ventricular beat and the supraventricul: 
with ventricular aberration. Although failure to differentiate m 
sometimes be unimportant, there are other times when it is vitally 
necessary to make the distinction. This is particularly so when faced 
with a regular tachycardia—in such a case, although there is- thera- 
peutic overlap, the inappropriate treatment can be disastrous. 
Considerable progress has been made in separating left ventricular 
ectopy from aberration of the right bundle branch block type.?-? 
However, there are few clues to differentiate between left bundle. 
branch block aberration and right ventricular ectopy. Our purpose is 
to present certain morphologic features of the ventricular: complex 
that seem to be of assistance in making this distinction. PRE 


Methods 


Thirty patiente with congenital, rheumatic or ischemic heart disease were 
monitored during their diagnostic cardiac catheterization. The following 6o 
simultaneous scalar electrocardiographic leads were recorded. on the San- 
born 550M Polybeam Recorder: I, aVF, Vi, V2, Va and Ve; at the same time. 

a continuous, horizontal plane (Frank system) vectorcardiogram was ob- 






; tained on the Cambridge MC-IV Recorder. After scalar and vector base-line 7 


recordings were secured, ectopic beats were induced. by stimulating the _ 


“right: ventricular endocardium with a nonpacing catheter tip. Despite the 
“erudeness of the method, the morphologic kinship of the ectopic beats as 5 


obtained was striking. 

The vector loops were scrutinized for differences from typical patterns of 
left bundle branch block.3-> The morphologic details of the ectopic beats in 
the scalar tracings were similarly compared with (1) the 12 lead tracings 


from 60 consecutive patients with typical left bundle branch block during 


supraventricular rhythms and (2) the 12 lead tracings from 72 consecutive i 


: ‘patients with pacing catheters in place i in the right ventricular cavity. 
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TABLE | 


Right Ventricular Ectopy vs Left Bundle Branch Block: Vi vs V; 

Negativity 

_- ee — 
Left Bundle Branch Right Ventricular 


Block Ectopic Beats Pacing 
(60 patients) (52 patients) (72 patients) 
oe SR A oi Tr eran a 
Vi > Vs 56 (93.5%) 24 (46%) 39 (43.5%) 
V: >V: 4 (6.5%) 28 (54%) 43 (56.5%) 


eee 


Results 


S wave in leads V, and V;: Fifty-two tracings 
were obtained from the 30 catheterized patients 
(Table I). The horizontal loops of the ectopic beats 
in 28 (54 percent) of these tracings had a maximal 
instantaneous QRS vector (long axis of the loop) of 
—90° or greater in the horizontal plane—in other 
words, the loop was directed into the right posterior 
quadrant (Fig. 1A). This orientation of the vector 
loop corresponded in the simultaneously recorded 
scalar tracings to a QS or S wave deeper in lead V4 
than in lead V, (Fig. 1B). Of the 72 pacemaker trac- 
ings, 43 (56.5 percent) also had a QS or S wave 
deeper in V, than in V4. 

The ectopic loops in the remaining 24 (46 percent) 
showed a pattern more like that of left bundle 
branch block with maximal instantaneous vectors in 
the horizontal plane of —90° or less; that is, the long 
axis of the loop was directed into the left posterior 
quadrant. In the corresponding simultaneously re- 
corded scalar tracings the pattern was also more like 
that of left bundle branch block; 56 (93.5 percent) 
had a QS or S wave deeper in lead V; than in lead 
ve 

Initial r wave duration in lead V;: The initial 
QRS forces provided a second clue (Table II). In left 
bundle branch block, the ventricular complex in lead 
Vi consists of a QS or rS complex; when the r wave 
is present, it is typically narrow. In 9 (17.4 percent) 
of the 52 tracings obtained at catheterization, the 
right ventricular ectopic beats had consistently wide 
(duration greater than 0.04 second) r waves in lead 
V, (Fig. 2); in another 8 (15.6 percent) the right 
ventricular ectopic beats showed only intermittently 
wide r waves. In these 17 patients whose ectopic 
beats showed constantly or intermittently wide r 
waves, the corresponding vector loops revealed large 


TABLE II 


Right Ventricular Ectopy vs Left Bundle Branch Block: Wider 
Wave in Lead V, 
a ee a ee eS ow, Ed 


Left Bundle Right Ventricular 
Branch Block Ectopic Beats Pacing 
(60 patients) (52 patients) (72 patients) 
Oo los apt AA we SEE By ie oes N Sait ae Se 
Present 2 (3%) 17 (23%) 15 (19.7%) 
Absent 58 (97%) 35 (67%) 57 (80.3%) 
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FIGURE 1. One sinus beat followed by 2 mechanically in- 
duced right ventricular premature beats simultaneously recorded 
with running horizontal vector loops (Frank System) and 6 sca- 
lar leads (paper speed 100 mm/sec). A, the vector loops, un- 
like those of left bundle branch block, are directed posteriorly 
and to the right. B, the ventricular premature beats have a 
deeper QS complex in lead V4 than in lead V, and manifest a 
right axis deviation in the frontal plane. 


and prolonged initial forces directed to the right and 
anteriorly. Of the 72 pacemaker tracings, 15 (19.7 
percent) also had wide initial r waves in lead Vj. In 
contrast, of the 60 patients with left bundle branch 
block, only 2 (3.2 percent) had r waves in lead Vı 
with a duration of 0.04 second or more. 

Polarity of QRS complex in lead I: A third clue is 
derived from the polarity of the ectopic QRS com- 
plex in lead I (Table III). In the 52 tracings obtained 
during catheterization, the ectopic QRS complex was 
negative in lead I in 35 (67 percent), indicating a 
right axis deviation in the frontal plane (Fig. 1B and 
2). In the remaining 17 (33 percent), the ectopic 
QRS complex was predominantly positive in lead I, 
and in most cases had an axis ranging between 0° 
and +90° in the frontal plane. 

On the other hand, of the 60 tracings showing left 
bundle branch block all had positive ventricular 
complexes in lead I and 49 (82 percent) had a frontal 
axis ranging between 0° and —90° (Table III). A 
comparison with the 72 pacemaker tracings revealed 
that all of these also had positive QRS complexes in 
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RIGHT VENTRICULAR ECTOPIC BEATS—SWANICK ET AL. 





FIGURE 2. Simultaneously recorded scalar leads showing 
mechanically induced right ventricular premature beats. The ec- 
topic beats have a pattern in lead V¢ characteristic of left bun- 
dle branch block; but in lead V; there is a wide initial R wave 
(arrow), the deepest precordial S or QS wave is in V4 and the 
limb leads show right axis deviation. 


TABLE Ill 


Right Ventricular Ectopy vs Left Bundle Branch Block: QRS 
Polarity in Lead | 


Left Bundle Right Ventricular 
Branch Block Ectopic Beats Pacing 
(60 patients) (52 patients) (72 patients) 
Positive 60 (100%) 17 (33%) 72 (100%) 
Negative 0 (0%) 35 (67%) 0 (0%) 


Fo i 
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FIGURE 3. The top strip shows atrial fibrillation with left bun- 
dle branch block. In the middle of the second strip, the r wave 
suddenly widens (arrow) and the ventricular rhythm becomes 
regular with the onset of right ventricular tachycardia. 





lead I, and 94 percent of them had a frontal plane 
axis ranging between 0° and —90°. Thus, the paced 
ectopic complexes showed a striking difference in 
frontal plane orientation from those produced by en- 
docardial stimulation during cardiac catheterization. 


Discussion 


Left ventricular premature beats are more com- 
mon than right ventricular premature beats, and 
right bundle branch block aberration is more com- 
mon than left bundle branch block aberration. The 
more important distinction is therefore between left 
ventricular ectopy and right bundle branch block ab- 
erration, and considerable progress has been made 
toward their clinical differentiation.1:2 Although less 
often encountered, the distinction between right ven- 
tricular ectopy and left bundle branch block aberra- 
tion is of more than academic importance. 

Unfortunately, one can almost never be absolutely 
certain of the distinction between aberration and 
ectopy on morphologic grounds alone, and the last 
court of appeal is the His bundle recording when the 
necessary skill and equipment are at hand. This in- 
genious technique is and will be of only limited 
availability, is clearly impracticable in many emer- 
gency situations and is often frankly contraindicated. 
Therefore, one must make maximal use of the clini- 
cal tracings. 

In this study we have compared and contrasted 
the morphologic features of mechanically induced 
right ventricular ectopic beats with those of supra- 
ventricular beats showing left bundle branch block; 
and, while we reiterate that one can seldom be abso- 
lutely certain by morphologic criteria of the origin of 
anomalous beats with a left bundle branch block 
pattern, certain features permit reasonable confi- 
dence: 

1. The appearance of an S wave in lead V4 greater 
in depth than a QS or S wave in lead V; favors the 
diagnosis of right ventricular ectopy since this pat- 
tern was seen in only 7 percent of 60 supraventricu- 
lar rhythms with left bundle branch block, and then 
was probably due to a lateral wall myocardial infarc- 
tion. On the other hand, the deep S wave in lead V4 
was seen in 54 percent of catheter-induced right ven- 
tricular ectopic beats. 

2. The finding of a wide r wave in lead V, (dura- 
tion of 0.04 second or more) favors right ventricular 
ectopy since it was not uncommon in patients with 
right ventricular ectopic beats (23 percent) but was 
found in only 2 (3 percent) of the 60 patients with 
left bundle branch block. In these 2 cases a septal in- 
farction was probably responsible.® Figure 3 illus- 
trates the usefulness of this clue in a monitoring lead 
with the positive electrode at the V1 position. 

3. Finally, the finding of negative QRS polarity in 
lead I in an anomalous beat favors right ventricular 
ectopy; none of the supraventricular beats with left 
bundle branch block but 67 percent of catheter-in- 
duced right ventricular ectopic beats had a negative 
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QRS complex in lead I. This tendency toward infer- 
ior and rightward orientation of the ectopic complex- 
es in the frontal plane is similar to the right ventric- 
ular pattern of ectopy reported by Rosenbaum? and 
may result, as he postulates, from delayed transsep- 
tal stimulation of the left posterior fascicle with con- 
sequent simulation of the pattern of left posterior 
hemiblock.® This inferior and rightward orientation 
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of right ventricular ectopic complexes is not found in 
pacemaker-induced right ventricular beats which, as 
pointed out by Castellanos et al.” and confirmed by 
us, usually show a left axis deviation in the frontal 
plane. This superior orientation may represent pref- 
erential transseptal activation of the left posterior 
fascicle with consequent simulation of the pattern of 
left anterior hemiblock.® 
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CASE REPORTS 


ea ER ee - Jast beat then shows normal intraventricular conduction, thus confirming _ 
From the Cardio-respiratory Section, Depart- 


bach sequences interrupted by I 
< tolic pause is followed by a sinus beat showing normal intraventricular con- 
duction. : ; E fue 


Intermittent Left Anterior Hemiblock with Wenckebach 


A case of intermittent left anterior hemiblock with Wenckebach phe- 
nomenon in the anterior division of the left bundle branch is re- | 
ported. Direct Wenckebach sequences are seen in the conventional - 
electrocardiogram with 3:2 or 4:3 conduction ratios. in the same z 
tracings, groups of beats in which left anterior hemiblock appears — 
suddenly for 7, 2 or more consecutive beats are interpreted. as evi” 
dence of incompletely concealed Wenckebach phenomenon. An — 
electrocardiogram recorded 10 months later from the same patient — 
showed stable left anterior hemiblock. This is the first reported case, - 
as far as can be determined, of direct Wenckebach sequences in 
the anterior division of the left bundie branch. oe 


The first 5 cases of intermittent left anterior hemiblock (block in the 
anterior division of the left bundle branch) were recently reported,? 
providing evidence for the existence of this “new” intraventricula 
conduction disturbance. Direct and incompletely concealed Wenck 
bach sequences in the right and left bundle branches were reported, 
thereby confirming that this type of second degree block may occ 
in the bundle branches. A case is described here in which progress 
or sudden changes in the configuration, duration and mean frontal 
plane axis of the QRS complex are interpreted as caused by direct or 
incompletely concealed Wenckebach phenomenon in the anterior divi- 
sion of the left bundle branch. 


Analysis of the Electrocardiograms 


The electrocardiograms (Fig. 1 to 4) were recorded on November 18 and 
20, 1969 from a 60 year old white woman with ischemic heart disease. The 
strips shown are representative of gradual and sudden changes in the QRS. 
pattern which were repeatedly recorded on both days. A co 

Figure 1 shows normal sinus rhythm at a rate of 65 beats/min, intermit- _ 
tent left anterior hemiblock and T wave abnormalities suggestive of antero- 
lateral ischemia. The QRS complex of the second beat has a deeper Q wave _ 
in leads I and aVL, a deeper S wave in leads Il, Ill, aVF and Ve, a duration .. 
of 9 to 10 msec and a mean axis in the frontal plane of -60°; these changes 
meet the criteria of Rosenbaum et al.} for isolated block in the anterior di- — 
vision of the left bundle branch. aaa 

. Figure 2 shows groups of beats that are interpreted as representing direct 
3:2 Wenckebach sequences in the anterior division. of the left bundle. 
branch. In each lead the first beat is normally conducted, whereas the sec». 
ond and the third show increasing degrees of left anterior hemiblock; the « 













the presence of the Wenckebach. phenomenon. The rate is the same as in 
Figure 1 and there is slight sinus arrhythmia, but the QRS changes cannot 


be explained on the basis of rate-dependent aberrant ventricular conduc- 
tion. The P-R interval remains constant in length. eg 


) and probably 4:3. (leads Il and 1) Wencke- 
ventricular extrasystoles. The postextrasys-- 





-Figure 3 shows 3:2 (lead 
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- FIGURE 1. In each lead shown, left ante- 
ior hemiblock is evident in the second beat. 





















There may be a minor degree of incomplete 





left anterior hemiblock in the first beat. From 
he first.to the second beat there is lengthen- 
ng of the QRS: interval from 7-8 msec to 9-10 
ec, a shift of the mean QRS axis in the 










ontal plane from. —30° to —60°, deeper Q 
ves in leads | and aVL and deeper S waves 
ads |, Ht, aVF and Vg. 


















Figure 4 shows different types of QRS grouping. In lead 
top) the first 2 QRS complexes are normally conduct- 
ed, but the next 4 beats have the pattern of left anterior 
hemiblock; the following beat is normal, then left anterior 
‘hemiblock is seen for 1 beat, and a normal beat follows 
again. In lead II 3 beats, and in lead aVF 2 beats with the 
pattern of left anterior hemiblock are preceded and fol- 
wed by a normal beat. In leads I and II (bottom) normal 
complexes alternate with QRS complexes showing 
ttern of left anterior hemiblock. The rate is 68 
eats /min; there is slight sinus arrhythmia, and the P-R 
iterval is of constant length. 
An electrocardiogram recorded 10 months later (not 
own) revealed normal sinus rhythm at a rate of 65 
/min with occasional ventricular extrasystoles and a 
stable pattern of left anterior hemiblock. Normal intra- 
ventricular conduction was no longer seen, even after long 
_postextrasystolic pauses. 
os Discussion 


n Wenckebach phenomenon: This phenomenon 
` may develop in any portion of the conduction system 
subjected to partial impairment of conduction. Its 




















































occurrence in the bundle branches was experimental- 
ly induced in dogs? and documented in man,?-4-14 
and Wenckebach sequences in the anterior and pos- 
terior division of the left bundle branch were ob- 
served in the canine heart}5 and indirectly confirm 
in man in clinical and experimental cases of trifa 
cicular block, 1518 


The case reported here is the first direct documen- 
tation in conventional electrocardiograms, as far as- 
can be determined, of the Wenckebach phenomenon 
in the anterior division of the left bundle branch 
only. This report postulates, in the same tracings, 
the occurrence of incompletely concealed Wencke- 
bach sequences in the anterior division of the left — 
bundle branch. 


Two different groups of beats are seen in this case: 
one characterized by gradual and: progressive 
changes in configuration and duration of the QRS. 
interval, the other characterized by the sudden ap- 
pearance of left anterior hemiblock for 1, 2, or sever-. 
al consecutive beats. In both, a normal beat occurs. 


























oy 


o FIGURE 2. Progressive changes in width, axis and configuration of the QRS complexes are seen as a result of direct 3:2 Wencke- 


a «bach sequences in the anterior division of the left bundle branch. 
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FIGURE 3. 
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Direct Wenckebach sequences, 3:2 (lead I) and probably 4:3 (leads || and III), are interrupted by ventricular extrasys- 


toles. The postextrasystolic pause is followed by a sinus beat showing normal intraventricular conduction. 


after each group, thereby attesting to the improve- 
ment in conduction occurring after the block. The 
conduction disturbance seems to be independent of 
slight fluctuations in the sinus rate; however, the 
long pause induced by an extrasystole is followed 
each time by a beat showing normal intraventricular 
conduction. 

Direct sequences: The groups of beats with 
gradual and progressive changes in configuration and 
duration of the QRS interval (Fig. 2 and 3) are be- 
lieved to represent direct Wenckebach sequences 
in the anterior division of the left bundle branch. 
A gradual increase in the degree of the hemi- 
block is clearly seen, and each sequence is followed, 
with or without a postextrasystolic pause, by a beat 
showing normal conduction; this pattern is typical of 
the Wenckebach phenomenon. The direct sequences 
have conduction ratios of 3:2 and probably 4:3, 
which are common in the Wenckebach phenomenon 
at the atrioventricular junction. 
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Concealed sequences: The groups of beats in 
which left anterior hemiblock appears suddenly for 1, 
2 or more consecutive beats (Fig. 4) are believed to 
represent 2:1, 3:2, 4:3 and 5:4 incompletely con- 
cealed Wenckebach sequences in the anterior divi- 
sion of the left bundle branch, rather than 2:1, 3:1, 
4:1 and 5:1 left anterior hemiblock. Two consider- 
ations support this interpretation: First, direct 
Wenckebach sequences are seen in the same trac- 
ings. Second, in second degree block at the atrioven- 
tricular junction, the occurrence of 3:2, 4:3 and 
5:4 Wenckebach block is far more common than the 
occurrence of 3:1, 4:1 and 5:1 block; the same is 
probably true in the bundle branches.? As in atrio- 
ventricular block, a conduction ratio of 2:1 may be 
due to Wenckebach type I rather than to Mobitz 
type II block. 

Mechanism of concealment: It has been esti- 
mated that an impulse that travels from one division 
of the left bundle branch to the other division can 
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FIGURE 4. 
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The transition from normal to abnormal intraventricular conduction is sudden as a result of oii concealed 


Wenckebach phenomenon in the anterior division of the left bundle branch. Sequences of 2:1 (leads | and II), 3:2 (lead aVF), 4:3 (lead II!) 


and 5:4 (lead ||) block are present. (See text.) 
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reach the latter in approximately 20 msec ( “irterpap- 
= illary conduction time”).1® If a sequence of impuls- 
- es traveling down from the atrioventricular junction 
propagates in the anterior division, with conduction 
delays that increase gradually but are all greater 
than 20 msec, each impulse before completing its 
ourney down the anterior division can arrive from 
e posterior division and simulate complete left an- 
erior hemiblock when, in reality, a Wenckebach se- 
uence is occurring. The same consideration could 
_apply to a conduction delay in the posterior division. 
_.. In order for direct Wenckebach sequences in the 
left anterior division of the left bundle branch to be 
apparent in the conventional electrocardiogram, the 
conduction delay in the second beat of a sequence 
must be less than 20 msec and there must be recov- 
ery after a blocked impulse. The Wenckebach phe- 
omenon will be incompletely concealed if there are 
lormally conducted beats initiating and terminating 
roups of beats that are conducted in the anterior 
ivision of the left bundle branch with a delay great- 
r than 20 msec. In this event, the impulses can ar- 
ive from the posterior division and simulate inter- 
mittent complete left anterior hemiblock. If the im- 
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pulse propagation occurs with gradual slowing fol- 
lowed by block and recovery, but all the beats in the 
tracing are conducted with a delay greater than 20 
msec, then Wenckebach phenomenon in the anterior 
division of the left bundle branch will be completely _ 
concealed. T 
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The Wenckebach’ phenomenon in the right or | 
bundle branches is probably not rare.1° However, 
is only seldom evident in the conventional electr 
cardiogram because, with a conduction delay greate 
than 40 to 60 msec, retrograde activation of the in 
volved bundle branch from the contralateral ventr 
cle masks the gradual slowing in propagation of the 
impulse.?-19.20 The Wenckebach phenomenon. in 
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: graphic findings in patients with left anterior hemiblock. Thus, _ 
‘evaluating the validity of the concept of predivisional and associated 
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A case of complete left bundle branch block with several episodes of 
intermittent marked right axis deviation is presented. All possible 
causes of the intermittent development of additional right axis devia- 
tion, such as electrolyte imbalances, lateral wall infarct, intermittent 
Wolff-Parkinson-White conduction, right bundle branch block, right 
ventricular hypertrophy and pulmonary embolism, were: excluded. 
We conclude that the explanation for left bundle branch block with 
intermittent right axis deviation in our patient was the coexistence of 
left posterior hemiblock and predivisional left bundle branch block. 


The concept of the trifascicular nature of the human intraventricular 
conduction system has strong clinical, experimental and histopatho- >- 
logic support, the 3 fascicles being composed of the right bundle 
branch and the 2 divisions of the left bundle branch, namely, t 
anterosuperior division and the posteroinferior division.1-® Spe 
alterations of the electrocardiographic pattern are observed when ei- 
ther division of the left bundle branch is interrupted. Left anterior 
hemiblock is a common electrocardiographic finding and has been — 
studied and reported in detail by various investigators. 1,2,5,7 On the 
other hand, isolated left posterior hemiblock is an uncommon finding. a 
since the posterior division of the left bundle branch is less vulnera- 
ble than the anterior division because of its thickness, anatomic 
location and blood supply.® 

The presence of right bundle branch block does not interfete with 
the diagnosis of either left anterior or left posterior hemiblock, and _ 
the combination of right bundle branch block and block of either of 
the 2 divisions of the left bundle branch has been commonly. re- 
ported.?.5.7.8 However, the presence of complete left bundle branch < 
block associated with additional block in the divisions of the left _ 
bundle branch has received sparse attention, probably because of 
lack of specific diagnostic electrocardiographic criteria and certainly ae 
because of lack cf experimental! proof of the existence of thisentity. 

Watt and Pruitt? were unable to produce a notable shift of the ee 
QRS axis to the left in canine experiments with left anterior hemi- _ 
block alone or by a combination of left anterior hemiblock and- predi- 
visional complete left bundle branch block. However, in observations _ 
with baboons they were able to show marked left axis. deviation re- 
sulting from a lesion in the anterosuperior division of the left bundle 
branch; this finding conforms remarkably well with the electrocardio 
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branch block is a theoretical possibility and has been 
alluded to by Rosenbaum.? However, there is no 
known report of electrocardiograpltic demonstration 
of this combination in man. We present a case of 
complete left bundle branch block and intermittent 
marked right axis deviation that we believe strongly 
favors block in the posteroinferior division of the left 
bundle branch associated with complete main-stem 
left bundle branch block. 


Case Report 


A 73 year old male Negro was admitted to District of 
Columbia General Hospital on August 21, 1971 with acute 
pulmonary edema. The patient had diabetes mellitus of 
over 20 years’ duration, chronic renal insufficiency due to 
diabetic nephropathy, and blindness due to diabetic reti- 
nopathy. He had mild dyspnea on exertion and mild leg 
edema several months earlier, and was treated with daily 
doses of digoxin, 0.25 mg, and hydrochlorothiazide, 50 mg. 
The patient’s exertional dyspnea became progressively 
worse and was accompanied by moderate orthopnea and 
occasional paroxysmal nocturnal dyspnea. The onset of 
dyspnea was not preceded or accompanied by pain in the 
legs, retrosternal or pleuritic pain, or cough. The patient 
denied chest pain at any time. 

Review of previous electrocardiograms revealed left ven- 
tricular hypertrophy and strain pattern with a QRS dura- 
tion of 0.09 second on November 4, 1970 (Fig. 1) and de- 
velopment of complete left bundle branch block (QRS 
0.13 second) on March 25, 1971. The frontal QRS axis was 
+45° in both records. The electrocardiogram obtained on 
March 25, 1971 was identical to that taken on August 21, 
1971, the day of admission (Fig. 2). 

Physical examination revealed typical findings of acute 
pulmonary edema. Pulse was 106/min and regular with no 
pulsus alternans. Blood pressure was 140/100 mm Hg. 
Cardiac apex was palpable in the fifth left interspace, and 
there was a left ventricular heave. The first heart sound 
was normal, and the second sound showed reversed split- 
ting. There was a grade 3/6 late systolic murmur at the 
apex with a “whooping” quality from time to time. 

The electrocardiogram on admission (Fig. 2) revealed 
complete left bundle branch block (QRS duration 0.13 
second) and a QRS axis of +45°. Chest roentgenograms 
showed massive acute pulmonary edema and mild cardio- 
megaly but no pleural effusion. Laboratory tests on ad- 
mission revealed the following values: blood sugar 474 
mg/100 ml, blood urea nitrogen 45 mg/100 ml, carbon 
dioxide content 30 mEq/liter, hematocrit 33.5 percent, 
serum glutamic oxaloacetic transaminase 16 units and 
lactic dehydrogenase 755 units. The patient was treated 
with furosemide intravenously; morphine sulfate subcu- 
taneously; rotating tourniquets; and oxygen inhalation. 
Recovery was rapid. Further doses of digoxin were with- 
held because of the patient’s renal insufficiency. Serial 
serum and urine electrolytes and serum enzymes were 
monitored. 

Three days after admission the electrocardiogram 
showed complete left bundle branch block and marked 
deviation of the QRS axis to the right (Fig. 3) with devel- 
opment of a deep S wave in lead I and persistence of sig- 
nificant S waves in leads V5 and Ve. There was no clinical 
or laboratory evidence of acute myocardial infarction or 
pulmonary embolism. On the next morning the electrocar- 
diogram reverted to the original pattern of a QRS axis of 
+45° with complete left bundle branch block. During the 





LEFT BUNDLE BRANCH BLOCK—VERA ET AL. 


i a mi 
mii 
IL et 


OMe 


Sn ei 
HEB 
HU 





block. Frontal QRS axis +45° compatible with left ventricular 
hypertrophy and strain. Leads V4 and Vs recorded at half 
standardization. 


succeeding 24 hours transient shift of the QRS axis to the 
right with complete left bundle branch block was recorded 
twice again before the electrocardiogram resumed a stable 
pattern of complete left bundle branch block with a “nor- 
mal” QRS axis. For the next few days serial electrocardio- 
grams showed complete left bundle branch block with a 
“normal” axis that was unaffected by either respiration or 
changes in heart rate. 

Ten days after admission, on September 1, 1971, the 
electrocardiogram again showed a marked shift of the 
QRS axis to the right (Fig. 3, top left). A vectorcardio- 
gram obtained with use of the Frank lead system was re- 
corded (Fig. 3, bottom). The QRS axis as calculated from 
the orthogonal scalar leads (Fig. 3, top right) is +145°. 
The patient again was asymptomatic; heart rate was 84 
beats/min. Blood pressure, chest roentgenograms, serum 
enzymes, serum electrolytes and liver function tests re- 
mained within normal limits. Four hours later the QRS 
axis reverted to the original axis of +45° (Fig. 2). 

Over the next few days several apparently unprovoked 
swings of QRS axis to the right and back again to “nor- 
mal” with complete left bundle brdnch block were record- 
ed. When the electrocardiogram showed a complete left 
bundle branch block and a “normal” QRS axis, another 
vectorcardiogram was recorded on September 3, 1971, and 
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FIGURE 2. Admission electrocardiogram showing complete 
left bundle branch block with a QRS duration of 0.13 second. 
Frontal QRS axis +50°. 
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FIGURE 3. Conventional electrocar- 
diogram (top left), orthogonal scalar 
leads (top right) and vectorcardio- 
gram recorded with the Frank lead 
system (bottom) during an episode of 
marked right axis deviation. The fron- 
tal plane (F) QRS axis is +145° as 
calculated from the orthogonal X and 
Y leads. The horizontal plane (H) 
shows the efferent portion of the QRS 
loop typical of left bundle branch 
block. Time lines of XYZ leads equal 
0.04 second; dash interval in vector- 
cardiogram’ 4 msec. F X 7.5 = frontal 
projection at 7.5 cm/1 mv; H X 3 = 
horizontal plane at 3 cm/1 mv; LS X 
15 = left sagittal projection at 15 
cm /1 mv. 


FIGURE 4. Conventional electrocar- 
diogram (top left) orthogonal leads 
(top right) and vectorcardiogram re- 
corded with the Frank lead system 
(bottom) showing left bundle branch 
block and “normal” QRS axis. The 
frontal plane QRS axis as calculated 
from the orthogonal X and Y leads is 
+50°. The afferent limb of the QRS 
loop in both frontal (F) and horizontal 
(H) planes now lies slightly to the left 
of the efferent limb, thereby account- 
ing for the loss of the S wave in leads 
I, aVL, Vs and Ve. The afferent limb of 
the QRS loop in the left sagittal plane 
(LS) now is inferior to the efferent 
limb, instead of superior to it as in 
Figure 3. The T wave changes are 
secondary. The dash and time inter- 
vals are the same as in Figure 3 but 
magnifications of the loops differ. 





the QRS axis as calculated from the orthogonal leads was 

+50° (Fig. 4)..On September 5, 1971 the electrocardio- 
< gram showed'a “normal” QRS axis and complete left bun- 
cdle branch block, and this pattern continued. 
<? Right heart catheterization’ performed a few days later 
revealed.a right. ventricular pressure of 35/10 mm Hg at 
which time the electrocardiogram showed complete left 
bundle branch block and “normal” axis. 


Discussion 


According to Pryor and Blount,! the presence of 
_ ‘abnormal left axis deviation in a patient with com- 
plete left bundle branch block suggests coexisting 
blocks at the level of the main left bundle branch 
and its anterosuperior division. Rosenbaum et al.,5 
analyzing patients with intermittent left bundle 
branch block, found that of 10 patients with a fron- 
tal QRS axis superior to —45° in the absence of left 
_ bundle branch block, 7 retained the extremely left- 
_ ward and superior orientation of the QRS axis with 
- the appearance of left bundle branch block. We? too 
_ have observed 5 patients with left anterior hemiblock 
_ who retained the left axis deviation after the devel- 
opment of complete left bundle branch block. Rosen- 
baum et al.5 also noted that the appearance of inter- 
-mittent left bundle branch block was associated with 
‘a significant shift of the QRS axis. The appearance 
of left bundle branch block caused an average QRS 
» axis shift of 39.5° to the left (range 2° to 160°) in 67 
of 98 cases; an average shift of 20.4° to the right 
(range 3° to 75°) in 20; and no axis shift in 11. It is 
apparent that the diagnosis of predivisional left bun- 
‘dle branch block plus additional block in 1 of 2 main 
«= divisions of the left bundle branch should not be 
=. made unless electrocardiograms have been obtained 
_. before the occurrence of block. 

Causes of intermittent right axis deviation: 
There are several possible explanations for the inter- 
mittent shift in the QRS axis from +50° to markedly 
rightward (+145°) in the presence of complete left 
bundle branch block in our patient. 

1. Extracardiac factors such as misplacement of 
electrodes were excluded in our case. Hyperkalemia is 
< known to cause either marked left!-1! or right}! axis 
deviation presumably because of disproportionate 
conduction delay in 1 of the 2 main divisions of the 
left bundle branch. In our case, serum electrolytes 
and serum pH were relatively normal on the several 
occasions that the right axis shift was observed. Sim- 
ilarly, changes in rate and pattern of respiration, po- 
sition of the patient and heart rate induced by carot- 

id sinus pressure and exercise were associated with 
..-MMinimal change in the QRS axis. To exclude the in- 

„fluence of positional changes, we obtained all elec- 
trocardicgrams and vectorcardiograms with the pa- 
tient in the supine position. 

2. Infarction of the lateral wall of the left ventricle 
_ in the presence of left bundle branch block is known 
-~ to be associated with the development of an S wave 
in leads I, Vs and V¢.12 The intermittent nature of 

-< the QRS axis shift to the right in our case and the 
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fact that the patient’s final electrocardiograms ` 
showed a “normal” axis effectively exclude this pos- 
sibility. Clinical and laboratory findings were also 
not supportive of a recent myocardial infarct. How- 
ever, it is tempting to postulate that severe intermit- 
tent ischemia, without infarction, of the lateral wall 
was associated with the intermittent right axis de- 

viation. Are 

3. Intermittent Wolff-Parkinson-White conduction 
in the presence of complete left bundle branch block 
can change the intraventricular conduction, possibly 
producing a marked shift of the QRS axis. The speed 
of inscription of the initial vectors in the vectorcardio- 
gram (Fig. 3) was normal. No delta wave was seen 
in the scalar electrocardiogram, and the P-R interval 
at comparable rates with different QRS axes was the 
same. The intermittent appearance of Wolff-Parkin- 
son-White conduction as a cause of axis shift was 
thereby excluded. ey 

4. Right bundle branch block in the presence of 
complete left bundle branch block should produce an 
atrioventricular conduction disturbance, ranging 
from prolongation of the P-R interval (more specifi- 
cally, His to QRS interval) to complete heart block 
(due to bilateral bundle branch block) depending on 
the degree of right bundle branch block, rather than 
an axis change in the QRS complex. In incomplete 
left bundle branch block or in cases in which there is 
a marked delay in forward conduction in the left. 
bundle branch, the additional appearance of delay in. 
the right bundle branch will cause a narrowing of 
QRS interval as well as a prolongation of the P-R in- 
terval due to a proloriged His to QRS interval. 
Again, there will be no reason for development of 
right axis deviation. 

5. Right ventricular hypertrophy in the presence of 
complete left bundle branch block is another possi- 
ble explanation. Information is lacking about the ev- 
olutionary changes in QRS. configuration in complete 
left bundle branch block with the development of 
acute or gradual right ventricular hypertrophy. 
Tranchesi et al.13 studied 9 patients with complete 
left bundle branch block and right axis deviation. All 
had severe congestive heart failure and marked car- 
diomegaly, whether or not there was associated 
chronic pulmonary disease. Tranchesi et al. consid- 
ered the presence of right axis deviation a result of 
the interaction of 4 factors: overloading of the right 
ventricle, increased eccentricity of the cardiac dipole 
toward the left, marked clockwise rotation of the 
heart about its longitudinal axis, and increased resis- 
tance of the lungs resulting in changes of conductivi- 
ty of the medium. The intermittency of right axis 
deviation, the absence of evidence of right ventricu- 
lar hypertrophy in the tracing before the develop- 
ment of complete left bundle branch block 9 months 
earlier (Fig. 1), lack of clinical and radiologic evi- 
dence of right ventricular hypertrophy and absence- 
of significant congestive heart failure at the time the. 
right axis deviation was observed exclude this possi- 
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bility. Most important, right ventricular pressure re- 
corded at a later date was only 35/10 mm Hg. 

6. In acute pulmonary embolism appearance of an 
S wave in lead I (S;-Q3 pattern of McGinn and 
White!4) has been reported in some patients. The 
genesis of this pattern is still unproved, and accord- 
ing to Scott!> the configuration may reflect transient 
left posterior hemiblock. It is uncertain whether pul- 
monary embolization can produce such a marked 
rightward shift of the QRS axis in the presence of 
left bundle branch block, especially with the degree 
of intermittency observed in our case. However, 
there was no clinical, laboratory or radiologic sup- 
port for the diagnosis of pulmonary embolism in our 
case. 

7. Left posterior hemiblock in the presence of 
predivisional left bundle branch block is an attrac- 
tive postulate for the intermittent right axis devia- 
tion in our patient. However, there are 2 theoretical 
objections to the diagnosis of left posterior hemiblock 
in addition to predivisional left bundle branch block: 
The first objection is the lack of uniformity of opin- 
ion on the method of aetivation of the left ventricle 
in the presence of left bundle branch block. Clear 
knowledge of this factor might enable one to deduce 
the sequence of activation of the left ventricle in 
predivisional left bundle branch block plus left pos- 
terior hemiblock. Smith?! and Becker?” and their co- 
workers postulate abnormal spread of activity from 
the right ventricle to the septum and free wall of the 
left ventricle in complete left bundle branch block 
with aberrant conduction in the blocked free wall. 
However, according to Rodriguez and Sodi-Pal- 
lares,18 activation of the left ventricle in left bundle 
branch block, although delayed in onset, proceeds in 
a normal manner from endocardium to epicardium. 
They described 3 types of bundle branch block: in- 
complete, complete and intermediate. In the inter- 
mediate type of left bundle branch block, “the stim- 


FIGURE 5. Schematic representa- 
tion of the possible conduction defects 
responsible for intermittent right axis 
deviation in the presence of complete 
left bundle branch block. AS = antero- 
superior division; AVN = atrioventric- 
ular node; LBB = left bundle branch; 
PI = posteroinferior division of the left 
bundle branch; RBB = right bundle 
branch. See text for discussion. 


ulus passes from the functioning branch to the tissue 
normally activated by the injured branch; however, 
the impulse continues to go by way of the injured 
branch with the result that the homolateral septal 
mass is activated by both branches.” This mecha- 
nism is compatible with our thesis that left posterior 
hemiblock is responsible for the development of right 
axis deviation in left bundle branch block. 

Another objection is that there has been neither 
experimental study, in which the electrocardiograph- 
ic pattern was observed after interruption of both 
the left posterior fascicle and the left bundle branch 
before its division into the anterior and posterior 
fascicles, nor histopathologic study, in patients with 
complete left bundle branch block to determine the 
involvement of the left posterior fascicle along with 
predivisional left bundle branch, to shed any light on 
their combined effect on the QRS configuration. 
Therefore, it may be no more than speculation to 
presume that block of the left posterior fascicle in 
the presence of complete left bundle branch block 
will give rise to a shift of the QRS axis to the right. 

Two points favor the possibility of left posterior 
hemiblock plus predivisional left bundle branch 
block in our case: (1) The abnormal left axis devia- 
tion of left anterior hemiblock is present even after 
the development of predivisional left bundle branch 
block.1:5-19 It is therefore not unreasonable to expect 
that left posterior hemiblock in the presence of 
predivisional left bundle branch block can give rise 
to a shift of the QRS axis to the right. (2) Exclusion 
of other reasonable possibilities for intermittent right 
axis deviation in the presence of complete left bundle 
branch block indirectly, but substantially, favors in- 
termittent left posterior hemiblock as a cause for the 
axis shift. 

Anatomic basis of conduction defect: Accepting 
that intermittent left posterior hemiblock in the 
presence of complete left bundle branch block is the 
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explanation for the development of intermittent A 
-right axis deviation in our patient, we postulate 20 


alternative combinations of the anatomic sites of 
in the left bundle branch and its divisions (Fig. 
The first is complete block in the main-stem left 
ile branch associated with intermittent left pos- 
ior hemiblock (Fig. 5, top panel), and the second 
jual degrees of block i in both fascicles of the left 
dle branch with an intermittent increase in the 
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-degree of block in the iett posterior fascicle (Fig. 5, 


bottom panel). Our patient had no. electrocardio- 
graphic evidence of left anterior or le posterior hemi- 
block before the development of complete left bundle 



















branch block pattern was probably due to prior exis- 
tence of predivisional left bundle branch block. We 
therefore choose to accept the anatomic explanation 
shown in the top panel of Figure 5. 
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Prinzmetal’s Variant Form of Angina with Arteriographic_ 
Evidence of Coronary Arterial Spasm | 


Spasm of the proximal right coronary artery was arteriographically | 
demonstrated during an episode of chest pain in a patient with 
Prinzmetal's variant form of angina. A right aortocoronary saphenous 

vein bypass procedure was performed but, despite a patent graft, the 

angina recurred and the patient died. The only significant finding at 
autopsy was an eccentric atherosclerotic plaque that narrowed the- 
right coronary artery by 75 percent at the site of the spasm. These 

findings support Prinzmetal’s hypothesis that this variant form of an- 

gina is produced by spasm of a coronary artery with a seriously 

compromised lumen. 


In 1959 Prinzmetal and co-workers!-? established the diagnostic cri- 
teria for “a variant form of angina pectoris.” The essential features 
of this syndrome are precordial chest pain typical of myocardial isch- 


emia in its character and distribution. However, in contrast to clas- 


sic angina, the pain occurs spontaneously and is not related to exer- 
tion or emotion. The electrocardiographic changes distinguish this 

syndrome from other types of nonexertional angina since the S-T 
segments of leads reflecting the ischemic area are elevated rather 
than depressed during attacks of pain. The electrocardiogram is usu- 
ally normal between attacks.18 Prinzmetal et al.1-? postulated that 

coronary arterial spasm was probably the cause of this variant form 

of angina. This report describes a patient with characteristic features 

of this syndrome in whom spasm of a coronary artery with extremely 

poor distal runeff was demonstrated during coronary arteriography 

coincident with the onset of chest pain. 


Case Report 


A 52 year old carpenter was admitted to hospital on duly 15, 1969 with a 
6 week history of recurrent tight, squeezing retrosternal chest pain. which at 
times radiated down his left arm. These attacks generally lasted a few min- 
utes and were often associated with sweating and palpitations. They. oc- 
curred most frequently at night and were not related to exercise, meals or 
emotional stress. 

On clinical examination, the arterial pulse was regular and of full vol- 
ume, and the blood pressure was 130/80 mm Hg. The heart was not. en-- 
larged. There was a grade 2/4 apical systolic murmur which radiated to the 
left sternal border and base and which increased-in. intensity during. the at- 
tacks of pain. There were no signs of congestive heart failure. The chest 
roentgenogram was normal. Electrocardiograms were normal except dùring 


attacks of pain when marked S-T elevation developed in leads H, Ill, aVF, 


Vs and Vg (Fig. 1). Serial serum glutamic oxaloacetic transaminase, cre- 
atine phosphokinase, lactate dehydrogenase, -hydroxybutyric: dehydrogen- 
ase and other routine laboratory determinations including serum cholester- 
ol, triglycerides, lipoprotein electrophoresis, fasting blood sugar, glucose 
tolerance test, uric acid and thyroid indexes were normal. 

The nature of the chest pain and the electrocardiographic findings were 
compatible with Prinzmetal's variant of angina pectoris. The apical systolic 
murmur, which intensified during pain, was believed to be due to papillary 





PRINZMETAL’S VARIANT FORM OF ANGINA—DHURANDHAR ET AL. 


muscle dysfunction. During the patient’s hospital stay, 
the chest pain was readily relieved by sublingual adminis- 
tration of nitroglycerin. However, he continued to have up 
to 8 attacks of angina pectoris a day despite complete bed 
rest and the administration of isosorbide dinitrite, propra- 
nolol and anticoagulant agents. He was discharged from 
hospital on August 20, but during the subsequent week his 
attacks of pain became more frequent and twice were as- 
sociated with syncope. 

He was readmitted to the coronary care unit, where 
lead II of the electrocardiogram was continuously record- 
ed. While in the unit he had many attacks of chest pain. 
These occurred mainly at night and were associated with 
marked S-T segment elevation, ventricular ectopic beats 
(Fig. 2) and on several occasions ventricular tachycardia. 
The administration of isosorbide dinitrite, 10 mg sub- 
lingually every 6 hours; lidocaine, 4 mg/min intravenous- 
ly; and later bretyllium tosylate, 5 mg/kg every 6 hours 
intramuscularly, failed to control either the pain or ven- 
tricular arrhythmias. Over a period of a week the patient 
had 3 separate episodes of ventricular fibrillation. One 
converted spontaneously, and the other 2 required electri- 
cal defibrillation. 

Left heart catheterization, left ventriculography and 
right and left coronary cineangiography were carried out 
on September 26. Initial injection of 1 cc of 76 percent 
Renografin® into the right coronary artery revealed a 
slightly irregular vessel with slow distal emptying. The 
catheter was withdrawn and then reintroduced. 
A second injection of 3 cc of Renografin demonstrated an 
area of severe spasm just beyond the catheter tip (arrow, 
Fig. 3A). This injection was associated with the onset of 
chest pain. The contrast material passed extremely slowly 
down the artery and was still seen in the posterior inter- 
ventricular branch 2 minutes after the injection (Fig. 3B). 
The patient was given nitroglycerin and isosorbide dini- 
trite sublingually. The pain subsided over the next 3 min- 
utes, and 10 minutes later a third injection of 3 cc of 
Renografin again demonstrated a slightly irregular right 
coronary artery with no spasm and much better peripheral 
runoff (Fig. 3C). Cineangiograms of the left coronary ar- 
tery showed only minor irregularities. The left ventricular 
cineangiogram showed good ventricular contraction with a 
small amount of mitral regurgitation. 

Surgical and postoperative course: After selective 
coronary cineangiography, the patient was given isosor- 
bide dinitrite, 10 mg sublingually every hour during the 
day and every 2 hours during the night. He continued to 
have at least 2 or 3 attacks of chest pain each day. As in- 






FIGURE 2. Continuous tracing of lead || 
showing S-T segment elevation and ventricular 
bigeminy at the peak of an attack of chest pain. 
As the pain subsided, the extrasystoles disap- 
peared and the S-T segments returned to the 
base line. 
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FIGURE 1. The electrocardiogram during an attack of chest 
pain (top) showing S-T segment elevation in leads II, Ill, aVF, 
Vs and Vg with reciprocal depression in Il, aVL and V: to V4. 
Five minutes after the chest pain subsided, the S-T segments 
are normal (bottom). 





tensive medical therapy failed to ‘control these attacks, a 
saphenous vein bypass graft was inserted between the 
aorta and right coronary artery just proximal to the acute 
marginal branch. For a week after the operation he com- 
plained only of incisional pain. Subsequently, typical at- 
tacks of angina, which were associated with S-T segment 
elevation and which were promptly relieved by nitrogly- 
cerin, recurred. During one of these episodes there was a 
short run of ventricular tachycardia. Ten days postopera- 
tively selective cineangiograms demonstrated a patent 
graft and only minor irregularities in the right coronary 
artery. 

The day after this procedure he had left-sided pleuritic 
pain associated with weakness, lassitude, a low grade 
fever and a pleural friction rub. Laboratory investigations 
showed elevation of the erythrocyte sedimentation rate 
and T wave inversion in leads V3 to Vs. A diagnosis of 
postpericardotomy syndrome was made, and he was treat- 
ed with aspirin. When his condition failed to improve, the 
aspirin was discontinued and administration of predni- 
sone, 10 mg 3 times a day, was started. Within 24 hours 
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FIGURE 3. Right anterior oblique cineangiograms of the right coronary artery. A, second injection of 3 cc of 76 percent Renografin 
shows an area of spasm in the proximal right coronary artery (arrow) with very slow filling of the vessel. This injection was accompa- 
nied by the onset of severe precordial pain and the peripheral runoff was extremely poor. B, when the contrast material finally reached 
the posterior intraventricular branch, a portion of it remained there for more than 2 minutes after completion of the injection although 
the catheter was withdrawn. C, third injection performed after the administration of nitroglycerin, 1/100 gr, and isosorbide dinitrite, 10 
mg sublingually, shows a vessel with no spasm and much better peripheral runoff. 


the pleural pain and the anginal attacks stopped com- was believed to be the underlying cause of his angi- 
pletely. In the next 3 weeks prednisone therapy was grad- na, and ventricular arrhythmias as the S-T eleva- 
ually tapered off and replaced by placebo therapy. Since tion always occurred in leads II, III, aVF, Vs and Ve 
there was no recurrence of the pain administration of the (Fig. 1). 


placebo was discontinued. He remained well, with no 
medication, for a week before discharge. However, 10 days 
after discharge the attacks of chest pain recurred. He did 
not contact his physician and received no therapy. Two 


The arteriographic demonstration of spasm of the 
right coronary artery with extremely poor distal run- 
off coincident with the onset of typical retrosternal 


weeks later, after an emotional disturbance, he became pain was therefore of special interest. Although 
extremely excited, had an attack of chest pain and sud- spasm of a coronary artery may be produced by irri- 
denly died. 


At autopsy, the heart weighed 475 g and showed left 
ventricular hypertrophy. Histologically, the coronary arte- 
ries showed fibromuscular intimal thickening with an 
occasional fatty streak or plaque in the walls. One eccen- 
tric plaque in the right coronary artery, approximately 1.5 
to 2.0 cm from its origin, narrowed the vessel lumen by 75 
percent (Fig. 4). No coronary arterial occlusion was found, 
and this was the only area of significant stenosis. There 
was no evidence of a recent myocardial infarction and 
there were no large areas of myocardial scarring. Tiny foci 
of recently formed connective tissue replaced muscle fi- 
bers in the papillary muscles. The saphenous vein 
aortocoronary bypass graft was patent. Its intima was 
slightly thickened by loosely arranged fibromuscular con- 
nective tissue, rich in mucopolysaccharide material that 
in some areas had the appearance of organizing mural 
thrombus. 


Discussion 


This patient had typical features of Prinzmetal’s 
variant form of angina pectoris. Recurrent attacks of 
retrosternal pain, occurring primarily at rest, associ- 

ated with S-T elevation, and relieved by vasodilators 
with a return of the S-T segments to normal, are all 
characteristic of this type of angina.1-5 Disturbances 
of rhythm during episodes of pain are a common fea- p : y ; : 
ture of this syndrome.!® This patient had ventricu- TE 4.) Microscopie. section- showing wan. eccentric 
tae tachyarrhythmias aii ding 3 episo des oi woniic: i pidge: plaque that narrowed the right coronary anory 
bands j percent at approximately the same site as that of the ex 
ular fibrillation. A lesion in the right coronary artery treme degree of narrowing seen on the arteriogram (Fig. 3A). 
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tation of. the ‘catheter tip or the contrast diateoal 


ae this usually does not appreciably effect distal runoff. 


roduce chest pain. In this case, the distal runoff 
o poor that the contrast material passed ex- 
emely slowly down the vessel and was still present 
| the posterior intraventricular branch 2 minutes 
after the injection despite withdrawal of the catheter 
from the coronary orifice (Fig. 3, A and B). Spasm at 
the site of the eccentric atherosclerotic plaque found 
in this vessel at autopsy (Fig. 4) would account for 
ee the extreme degree of narrowing seen on the arter- 
=- lograms (Fig. 3A). This plaque and the severe nar- 
< rowing were at approximately the same site in the 
right coronary artery. 

 Prinzmetal et al.* originally postulated that cyclic 
increases in tone of a coronary artery with a seriously 
compromised lumen led to temporary occlusion of 
‘the artery with resultant pain and electrocardiogra- 
phic changes. Three patients in their initial report 
owed severe stenosis of a coronary artery at autop- 
. Other investigators®*® have confirmed Prinzmet- 
al’s. findings at coronary cineartericgraphy and at 
autopsy. However, Gianelly et al.4 described variant 
angina with only slight coronary atherosclerosis at 
= autopsy, and Whiting et al.5 and MacAlpin? re- 
ported on patients with variant angina whose coro- 
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nary arteries appeared angiographically normal. The : 
‘coronary arteries of our patient during coronary 
cinearteriography showed no significant area of ñ 
rowing, except for the spasm seen on the second in 
jection of contrast material. However, an eccentri 
atherosclerotic plaque, which narrowed the vessel by 
approximately 75 percent, was found at autops 
the site of spasm.-If spasm | of a coronary artery wi 
a compromised lumen is the underlying cause ol 
syndrome, the mechanism of the spasm in 
ence of anoxic myocardium is unknown. 
Surgery was only undertaken as a last resort af 
3 episodes of ventricular fibrillation and many 
tacks of pain. Silverman and Flamm’ attempted 
aortocoronary bypass grafts in 2 patients with thi 
condition and were successful in 1 patient who sur 











that it was not restricted to the hea o porti 
the right coronary artery. Since no evidence of 
cardial infarction was found at autopsy, our pa 
probably died of ventricular fibrillation dur 
ischemic attack. 
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A young woman with bilateral congenital coronary arterial aneu- 
rysms associated with myocardial infarction and angina pectoris was 
successfully treated with a saphenous vein bypass graft. Possible 
clinical and laboratory manifestations of such aneurysms are dis- 
cussed, and possible complications of saphenous vein graft surgery 
in treatment of this lesion are noted. The finding of coronary arterial 
aneurysms during coronary arteriography warrants close follow-up 
study since in many patients the lesion appears to progress to myo- 
cardial infarction. 


Congenital aneurysms of the coronary arteries are rare, constituting 
about 15 percent of 89 cases of coronary aneurysms reviewed by 
Daoud et al.1 They are found in all age groups, predominantly in 
male patients. Their effect on the coronary circulation and tendency 
to lead to thrombosis and the development of myocardial infarction 
has been previously reported.2 Rupture of coronary arterial aneu- 
rysms has been reported as the most frequent cause of sudden death 
in patients with these lesions,* and peripheral embolization with as- 
sociated myocardial infarction has also been noted.* Most reported 
cases of coronary arterial aneurysms have been found in large autop- 
sy series; diagnosis before death has been made only after the advent 
of the widespread use of selective coronary angiography. Our report 
describes the clinical history of a young woman with congenital an- 
eurysms of the right and left coronary arteries associated with coro- 
nary thrombosis, myocardial infarction and persistent angina pecto- 
ris. Treatment of this patient with reverse saphenous vein bypass 
graft was successful. 


Case Report 


A 26 year old Negro woman was admitted to the Naval Hospital, Nation- 
al Naval Medical Center, on November 10, 1970, with a past history of 
acute myocardial infarction and subsequent incapacitating angina pectoris. 
On May 12, 1970 she had experienced severe retrosternal pain of the pres- 
sure type which radiated to the left arm and was associated with shortness 
of breath, nausea and diaphoresis. Symptoms lasted about 1 hour. She was 
hospitalized for 4 weeks with the diagnosis of inferolateral myocardial in- 
farction, confirmed by elevations in serum glutamic oxaloacetic transami- 
nase levels to 249 IU and creatine phosphokinase levels to 570 IU and 
persistent T wave abnormalities on the electrocardiogram. Her hospital 
course was uncomplicated except for frequent premature ventricular con- 
tractions controlled with lidocaine and quinidine. She was discharged re- 
ceiving quinidine and Coumadin® therapy. She subsequently noted frequent 
recurrent substerna! chest pain associated with rapid walking, light house- 
work or emotional upset. The pain usually lasted 10 to 15 minutes and was 
promptly relieved by rest. After a spontaneous abortion in September 1970, 
the chest pain became more frequent and severe and she was referred for 
further evaluation. 

Physical examination revealed an obese Negro woman with a blood pres- 
sure of 110/70 mm Hg and a pulse of 80/min. Cardiac and other physical 
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FIGURE 1. Right coronary arteriogram in left anterior oblique 
position showing total obstruction of the proximal right coronary 
artery (R and arrow). 


findings were normal. Results of hemoglobin, urinalysis, 
serum electrolyte, Venereal Disease Research Laboratory 
and blood lipid studies were normal. An electrocardio- 
gram revealed nondiagnostic T wave abnormalities in 
leads III and aVF. Treadmill exercise to 80 percent of pre- 
dicted maximal heart rate for age by the method of Bruce 
revealed equivocal S-T segment depression in lead V4 
after exercise. 

Cardiac catheterization revealed normal pressure and 
oxygen saturation in all chambers. The cardiac index was 
3.9 liters/min per m? by the Fick method. Selective coro- 
nary arteriograms revealed total obstruction of the proxi- 
mal right coronary artery 1 cm distal from the coronary 
ostium (Fig. 1). The distal right coronary artery and pos- 
terior descending artery filled from large collateral vessels 
from the left circumflex artery. Right coronary arterial 
dominance and marked aneurysmal dilatation of the left 
main coronary artery proximal to its bifurcation was 
found (Fig. 2). No significant obstructive disease was seen 
in the distal portions of the left coronary system. The in- 
ferior wall of the left ventricle contracted poorly, but no 
: areas of dyskinesis or aneurysm were noted. 

On November 12 the patient experienced severe anteri- 
or chest pain that was unresponsive to nitroglycerin. 
There were no electrocardiographic or enzyme changes. 
Her hospital course was complicated by ventricular irrita- 
bility and mild heart failure which responded to digitalis 
and lidocaine. A bypass graft of the right coronary arterial 


FIGURE 3. Photographs obtained 
during operation. A, showing 
aneurysmal dilatation of the proxi- 
mal right coronary artery (A and 
arrow). Full thickness biopsy spec- 

“men revealed total thrombosis of 
‘this vessel. B, showing saphenous 
vein bypass graft (G and arrow) in 
place from the ascending aorta to 
the distal right coronary artery. 
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FIGURE 2. Left coronary arteriogram in right anterior oblique 
projection revealing aneurysmal dilatation of the left main coro- 
nary artery (A and arrow) with no obstruction of the distal left 
coronary system. 


obstruction was performed on December 1 during. total 
cardiopulmonary bypass. Large indurated fusiform aneu- 
rysms were found 1 cm distal to the right coronary ostium 
and in the left main coronary artery just proximal. to its 
bifurcation (Fig, 3, A and B). Full thickness biopsy speci- 
mens of the thrombosed right coronary aneurysm, ascend- 
ing aorta, atrial appendage, rectus abdominus muscle and 
skin were obtained. Cardiopulmonary bypass was discon- 
tinued without difficulty, and the patient’s postoperative 
course was normal. 
Follow-up course: The patient has continued to ex 
rience occasional atypical chest pain unlike her previous 
anginal symptoms; however, she can perform routine 
household duties without difficulty. She has no-symptoms 
of congestive heart failure and has not required digitalis o 
diuretic agents. : 
On May 25, 1971, cardiovascular examination was nor- 
mal. The chest roentgenogram was normal, and an elec- 
trocardiogram revealed nondiagnostic ST-T wave abnor- 
malities, unchanged from those on postoperative .electro-. 
cardiograms. Cardiac catheterization revealed normal left 
ventricular end-diastolic pressure. Selective coronary arte- 
riograms demonstrated complete obstruction of the prox- 
imal right coronary artery within the first centimeter of | 
its course. There was no filling of the distal right coronary | 
artery from collateral circulation from the left coronary. 
system as had been present before operation. The saphe- 
nous vein graft was patent, with good filling of the distal 
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= right and ‘iene desende coronary arteries and retro- 
grade filling of the right coronary to the level of the acute 
‘margin. The aneurysmal dilatation of the left main coro- 
nary artery was again noted, and there was slight involve- 
ment of the proximal left anterior descending artery. No 
obstruction of the left coronary arterial system was pres- 
ent. The ventriculogram again demonstrated diminished 
contractility of the inferior wall of the left ventricle. 








Pathologic Findings 


Biopsy specimens of the aorta, skeletal muscle and skin 
were normal. The right coronary arterial specimen re- 
‘vealed a portion of muscular artery having sclerosis and 
collagen replacement of the media with slight intimal pro- 
liferation and duplication and fragmentation of the elastic 
_ lamina. There was thrombosis of the mural surface with 
< prominent recanalization. Focal fibrinoid change and 
mural inflammation were not present. There were no 
atherosclerotic changes. 


Discussion 


















- Coronary arterial aneurysms remain a rare finding, 
approximately 100 cases had been reported by 1966. 
-Pachard and Wechsler? thought atherosclerosis to be 
‘the commonest origin, with mycotic-embolic aneu- 
rysms comprising most of the remaining cases. Sin- 
‘gle aneurysms of the proximal portion of the left cor- 
onary artery were present in the majority of their 
ases; rupture of the aneurysm was the commonest 
ause of death. Scott? emphasized the frequency of 
ongenital aneurysms in his series of 15 of 47 local- 
ized aneurysms and stated that all diffuse aneurysms 
of the coronary arteries appear to be congenital in 
nature. He found that localized, and usually single, 
neurysms occurred more frequently in the left coro- 
nary artery, whereas diffuse aneurysms more fre- 
quently involved the right coronary artery. The com- 
monest cause of death after the 1929 series of Pa- 
chard and Wechsler was coronary thrombosis with 
myocardial infarction.2 The thrombosis occurred 
within the aneurysm or in the vessel distal to it in 8 
of 9 cases. Congenital coronary aneurysms have been 
recognized during life in children; however, the fre- 
quency of coronary aneurysms found during coronary 
arteriography has. not. been reported. The overall 
effect of.these aneurysms on the coronary circulation 
is still unknown. Ebert. et al.+ emphasized the possi- 
bility of peripheral.coronary embolization with asso- 
ciated myocardial infarction from localized aneu- 
rysms and suggested a surgical approach to this le- 
sion. The scattered reports of sudden death in young 
persons make this lesion: of more than academic in- 
‘terest 69 

Congenital aneurysms may have a variety of clini- 
cal. manifestations, as illustrated by the present case 
and those of Ghahramani et al.?° and Dawson and 





1, Daoud. AS, Pankin D, Tulgon H, et.al:’ Aneurysms of the 
coronary artery. Amer J Cardiol.11:228-237, 1963 


908. 





‘Ellison.!2 An. acute myocardial infarction or angina 


pectoris in the young menstruating female patient, 
an abnormal mass on the cardiac silhouette or dense 
calcification visible in the wall of the aneurysm on 
chest roentgenogram or cardiac. fluoroscopic study 
may be a clue to the diagnosis. The aneurysm in our 
case appears to be congenital in nature since there 
was no clinical, laboratory or pathologic evidence of 
associated syphilis, lipid disturbance, collagen, vas- 
cular or other inflammatory disease. The lack of sig- 
nificant intimal thickening is evidence against an 
atherosclerotic origin. The patient has had definite 
symptomatic improvement since the operation and - 
has documented improved circulation in her right 
coronary system as evidenced by disappearance of 
previously noted collateral circulation and prompt 
opacification during injection of the saphenous: vein 
graft. 

Coronary arterial aneurysms have been successful- 
ly treated by both saphenous vein bypass graft tech- 
niques and by excision with interposition of a saphe- 
nous vein graft.4:10-11 The use of excision and inter- 
position grafts may result in increased myocardial 
damage, as noted by Dawson and Ellison, 1! since the 
aneurysm may encompass several major coronary 
branches. However, bypass grafts may lead to retro-. | 
grade thrombosis in a partially occluded aneurysm . 


with the threat of embolization and infarction so = 


that ligation of the aneurysm at the time of bypass: ` 
surgery may be indicated. 
The finding of coronary arterial aneurysm at coro- 


nary arteriography warrants close follow-up since in 
many of these patients the lesion appears to progress = 


to myocardial infarction. 


Addendum 


Since submission of this report, the patient has 
experienced recurrent typical anginal chest pain. Re- 
peat cardiac catheterization in May 1972 revealed 
nermal pressures in all chambers. The saphenous 
vein graft was patent; however, aneurysmal dilata- ` 
tion of the posterior descending coronary artery dis- . 


tal to the graft anastomoses had developed. There. 


was extension of the left main coronary aneurysm to 
involve the proximal and middle portion of the left 
anterior descending and proximal circumflex coro- 
nary arteries with moderate irregularity of the 
lumen. Although the patient has been given Couma- 
din therapy, she continues to have exertional angina. 
On the basis of serial catheterizations over a 2 year 
period, it appears that aneurysmal dilatation pro- 


gresses in some patients and may cause continued . ae 
symptoms or infarction after otherwise technically o 


successful saphenous vein graft surgery, 
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_ Corrected T ransposition of the Great Arteries Masquerading 
_as Coronary Artery Disease 


A man with corrected transposition of the great arteries and associ- 

ated “mitral” and aortic insufficiency survived for 50 years. The pa- 

tient had angina pectoris and abnormal cardiac contour on chest. 
roentgenogram, and for many years coronary artery disease with: 
ventricular aneurysm was. suspected. The correct diagnosis was 

made by cardiac catheterization and coronary arteriography. 


Since the original description of corrected transposition of the great 
arteries by Karl von Rokitansky! in 1875, approximately 200 cases 
have been reported. Most patients have been infants and children . 
who died at an early age.” The early mortality is usually related 


to associated cardiac defects. Even when there are no associated car- 7 
diac anomalies, longevity is unusual, although survival to age 73 | 
years was recently reported.® Only 2 additional people are known ee 


have survived past the age of 50 years.7-8 


Symptoms usually result. from heart failure. The following case is ce 
unique since the patient presented with suspected left ventricular 
aneurysm and chest pain, and therefore was thought to have coro- Lane 


nary artery disease. 


Case History 


A 50 year old Army veteran had participated in sports as a child and was 


‘an active ground infantryman in World War I. Because of a war injury he 


was hospitalized in 1945; a chest X-ray film at that time showed ‘‘a rather 
definite dilatation of the upper portion of the left heart shadow in the re- 
gion of the left ventricle.” In the ensuing 25 years, he had 15 admissions to 
hospitals due to chest pain and shortness of breath. Heart disease was sus- 
pected, although the cause was not known. In 1949, a loud second heart 
sound in the aortic area and a systolic ejection murmur were heard, but 
throughout the next 10 years no murmur or gallop rhythm. was recorded. |»: 


In 1961, the electrocardiogram (Fig. 1) showed sinus rhythm, left axis de- 


viation, with a QS in both leads V, and Vz, and absent: Q waves in leads 
Vs and Vg. The findings were interpreted as compatible with an anterosep- 
tal infarction. The patterns in leads I, II, IH and V4 were the same as those 
recorded in 1945. The clinical status, chest X-ray film and- electrocardio- 
gram were suggestive of a ventricular aneurysm, which was the diagnosis ‘on. 
several hospital records. eo 

In 1967, the patient noticed a decrease in exercise tolerance and consult: i 
ed his family physician, who for the first time'heard`a grade 2/6. diastolic 


decrescendo murmur at the left sternal border. Digoxin | was given, resulting. i 
in mild symptomatic improvement, Nevertheless, the chest. pain, shortness 


of breath and fatigue increased in severity over the next 3 years. 


In October 1970, the- patient was referred to the Portland Veterans Ad i 


ministration Hospital for diagnostic evaluation. Blood pressure was 140/75 
mm. Hg, respirations were 20/min, heart rate was 80 beats/min and regular. 


< There was a sharp: full carotid pulse: Jugular venous pressure was normal. 


There was mild pitting edema of the ankles. The liver was enlarged and 
palpable 5 cm below the right costal margin.: The cardiac impulse, diffuse 
and sustained but weak, was in the fifth left interspace in the anterior axil- 
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lary line. On auscultation the following were heard: a soft 
first sound, a loud second sound at the second left inter- 
space, a third sound gallop, a grade 3/6 diastolic decre- 
scendo murmur along the left sternal border to the apex, 
and a grade 2/6 blowing holosystolic murmur at the apex. 
The electrocardiogram showed sinus rhythm, left bundle 
branch block and left atrial enlargement but no atrioven- 
tricular (A-V) block. Chest roentgenogram (Fig. 2) showed 
a narrow cardiac waist, a prominent bulge of the left cardiac 
border compatible with a ventricular aneurysm, and nor- 
mal pulmonary vascularity. Results of routine laboratory 
tests and serum cardiac enzyme determinations were nor- 
mal. The impression was coronary artery disease compli- 
cated by ventricular aneurysm and mild mitral insuffi- 
ciency secondary to papillary muscle dysfunction, plus mild 
aortic insufficiency. The patient’s chest pain and dyspnea 
decreased with medical management. 

Coronary arteriography was performed with use of the 
Judkins technique. Selective injections into an orifice in 
the usual position of the right coronary artery revealed a 
coronary system that was distributed over the anterior 
surface of the heart and gave rise to the anterior descend- 
ing branch (Fig. 3, A and B). Attempts to catheterize the 
other orifice were unsuccessful. An aortic root injection 
demonstrated that the other coronary artery, which origi- 
nated in the posterior sinus, was large and distributed 
over the posterior surface of the heart, apparently provid- 
ing the posterior descending branch. No significant ob- 
structive lesion was detected in the coronary arteries. The 
interpretation was congenitally anomalous coronary arte- 
ries with no evidence of ischemic coronary artery disease. 

The final diagnosis was made at cardiac catheteriza- 
tion. Cineangiography (Fig. 4) showed the aortic valve was 
located anteriorly and to the left of the pulmonary artery. 
There was modest aortic insufficiency, mild insufficiency 
of the left atrioventricular valve and poor contractility of 
both ventricles. The systemic ventricle had coarse trabec- 
ulae and a conus or outflow tract, whereas the venous 
ventricle had finer trabeculae and was tapered caudally, 
angiographically resembling a left ventricle (Fig. 4, A and 





FIGURE 2. Frontal chest roentgenogram obtained during Oc- 
tober 1970 shows a prominence of the mid-left heart border and 
concavity of the upper left heart border. These findings are 
characteristic of corrected transposition of the great arteries, 
but were interpreted as indicating ventricular aneurysm. 

















FIGURE 1. Electrocardiogram in 1961 demonstrating QS in 
lead V; and absent Q wave in leads Vs and Vs. There is sinus 
rhythm, left axis deviation, ischemic S-T segment depression in 
leads |, aVL and Vz, but no A-V block. These findings were in- 
terpreted as compatible with an anteroseptal myocardial infarc- 
tion. However, this electrocardiographic pattern is also typical 
of corrected transposition of the great arteries. 


B). The hemodynamic data are reported in Table I. Right 
atrial and pulmonary arterial pressure and the end-dia- 
stolic pressures in both ventricles were greatly increased. 
Cardiac index was low. 

In April 1971, the patient was admitted to the hospital 
with congestive heart failure. Findings on physical exami- 
nation, electrocardiogram, chest roentgenogram and labo- 
ratory tests were unchanged. After an uncomplicated early 
hospital course, he had a cardiopulmonary arrest on the 
fifth day, and was found at the bedside with ventricular 
fibrillation. Resuscitation efforts were successful, but he 
required mechanically assisted ventilation and continuous 
catecholamine infusion to maintain blood pressure. He 
died on the eighth hospital day. 

At postmortem examination the heart weighed 525 g. 
There was levotransposition of the great arteries. The sys- 
temic ventricle (Fig. 5) was on the left side of the heart 
and showed the internal anatomy of a right ventricle with 
coarse trabeculae, a tricuspid A-V valve, and a crista 
supraventricularis. The lateral wall of this ventricle was 
15 mm thick, and the interventricular septum was also 15 
mm thick. The pulmonary artery arose posteriorly and to 
the right of the aorta from an 8 mm thick smooth-walled 
venous ventricle which had a bicuspid A-V valve. The cir- 
cumference of the left A-V valve was increased to 13 cm, 
with thickened but pliable leaflets and thin, free chordae . 
tendineae. The circumference of the aortic valve was 8 cm 
with 3 cusps and symmetrical commissures. There was 
some thickening and irregularity of the aortic valves, but 
no evidence of rheumatic valvulitis on the aortic or A-V 
valves. No shunt or obstructive lesions were present in the 
heart. Bronchopneumonia was present in the right lower 
pulmonary lobe. 
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Discussion 


Misdiagnosis: The patient’s symptoms of chest 
pain and dyspnea, his cardiac examination, the 
prominent left heart border on X-ray study (Fig. 2) 
and the misinterpretation of the electrocardiogram, 
led to the diagnosis of coronary artery disease with 
left ventricular aneurysm. However, our difficulty in 
entering the pulmonary artery because of its position 
toward the right, inferiorly and posteriorly (Fig. 4C), 
which is an early clue to the diagnosis of corrected 
transposition of the great arteries during catheriza- 
tion,* pointed to the correct diagnosis. Since inver- 
sion of the cardiac conducting system accompanies 
ventricular inversion, the electrocardiographic pat- 
tern (Fig. 1) is, in retrospect, typical of corrected 
transposition of the great arteries. Furthermore, the 
prominent left cardiac border on chest roentgeno- 


FIGURE 3. Coronary arterio- 
grams. A (left lateral projection) 
and B (right anterior oblique pro- 
jection) show selective injections 
of the coronary artery which arises 
from the right anterior sinus and 
gives origin to the anterior de- 
scending coronary artery (ADA). 





Lee 
FIGURE 5. Autopsy section of the systemic ventricle. The hy- 
pertrophied wall is 15 mm thick. The coarse trabeculae are 
characteristic of a right ventricle. The tricuspid atrioventricular 
valve has normal chordae tendineae, and there is no evidence 
of rheumatic valvulitis. 





FIGURE 4. Cineangiograms. A, right ventricle in right anterior oblique projection has the tapered shape and smooth trabecular pat- 
tern typical of a left ventricle. There is no outflow tract and consequently the pulmonary artery and A-V valve are in close continuity. B, 
left ventricle in the left anterior oblique projection. Coarse trabeculae and an outflow tract (OT) are seen in this systemic ventricle. 
There is regurgitation of radiocontrast agent through the left atrioventricular valve into the left atrium (LA). The aortic valve (AV) which 
is located high and anteriorly has a more caudal direction than is usual. C, aortogram in right anterior oblique projection shows the left 
ventricular catheter in the pulmonary artery, anterior position of the aorta, and mild aortic insufficiency. 
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TABLE | oss! 
> Cardiac Catheterization Data. 





Site 5 Pressure (mmHg) 

































Right atrium a= 17, v= 14(10) 
Right ventricle 85/10 


Pulmonary artery 80/40(55): 
x 130/30 
140/70(95) 
Heart rate (beats/min) 90 
Cardiac index (liters/min per m?) 1.8 
Stroke index (mi/beat per m?) 29 





; Figures in parentheses indicate mean pressure valuas. 


gram, which was repeatedly interpreted as an indica- 
tion of left ventricular aneurysm, also represents the 
‘pical form of the systemic ventricular outflow tract 
1 corrected transposition. 

sociated cardiac anomalies such as ventricular 
septal defect and pulmonic stenosis commonly com- 
plicate corrected transposition of the great arteries?-5 





present in our Belien. a . fact that may explain his 
relative longevity. Angina pectoris has not been re- 
ported previously in correctéd transposition, perhaps 
ir ce these patients rarely live for more than 40 





leart failure: We believe that the patient’s 
heart failure was the end result of inappropriate 
placement of structures designed for other hemody- 
namic conditions. Angiograms showed mild insuffi- 
ciency of the systemic A-V valve. At postmortem ex- 
ination, this valve was dilated, but there was no 
evidence of rheumatic valvulitis. The thickened 
alve margins may represent a “wear and tear” phe- 
omenon, since this valve was designed to function 
in a ventricle with low pressure but was subjected to 
- the high pressure dynamics of the systemic ventricle. 
< A similar pathologic process was found in the aortic 
_ valve. If considered separately, the aortic and sys- 
“temic A-V valvular insufficiency were mild, and per- 
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haps each by itself would be hemodynamically insig- 
nificant. However, the combined effect of the two in- 
sufficient valves in increasing the ventricular work 
may have been too great a burden for a ventricle de- 
signed for work in conditions of low pressure. 
As suggested by Rushmer,?-!° the normal right 
ventricle is subjected to a low pressure circulation 
and is designed to function as a volume pump or be: 
lows. In contrast, the left ventricle with its cylin 
cal, conoid shape and spiral muscle arrangement is. 
designed to pump against high resistance. For 50 
years this patient with ventricular inversion had | 
volume pump—the morphologic right ventricle— 
working against a high level of afterload—norma 
systemic blood pressure. ‘This systemic location of. 
the morphologic right ventricle and the added hemo- 
dynamic load of aortic and “mitral” insuf 
sulted in severe hypertrophy. The high lev 
diastolic pressure and reduced cardiac 
suggest that the attempt of the heart to compensat 
was unsuccessful. Bo 
Angina: 

















For 25 years this man had 





and B, are the first published arteriograms of ‘the 
anomalous coronary arterial pattern that Is chara 





and that represents a mirror image of ‘the normal 
coronary distribution.1} 12 Despite the abnormal a 




















were normal in caliber and without: any ar 
rosis to explain the angina pectoris. Howeve 
and mitral valvular insufficiency crease Nor 
and the metabolic requirements of the syst ic ve 

tricle. Angina pectoris may occur in patients with 
aortic valve disease and left ventricular. hypertrophy: 
even in the absence of coronary artery disease. Aortic’ 
insufficiency decreases the coronary diastolic perfu- | 
sion pressure and increases left ventricular preload 
and afterload and, therefore, could lead to an im 
balance between the oxygen supply and metabolic. 
needs of the systemic ventricle, Under these condi. 
tions, the angina is accompanied by biochemical evi- 
dence of myocardial hypoxia, a situation analogous. 
to that of patients with ischemic cornary arterio- 
sclerosis.18 
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; Documentation of Complete Spontaneous Closure of an. 
Associated Ventricular Septal Defect 


A stab wound in a 25 year old man resulted in a false aneurysm. of 
the left ventricle and a ventricular septal defect. The aneurysm rup- 
tured into the left lung producing recurrent and finally massive hemop- 
tysis, which necessitated emergency operative repair. The ventric- 
ular septal defect closed spontaneously and completely, and this 
event was documented by serial cardiac catheterizations. 


Rupture of a left ventricular aneurysm into the lung has not been 
previously reported. This lesion recently occurred in a patient stud- 
ied and operated upon at the National Heart and Lung Institute. 
This report describes the clinical and hemodynamic findings in this 
patient and the operative methods utilized. In addition, complete 
spontaneous closure of an associated traumatic ventricular septal de- 
fect was documented by serial cardiac catheterizations. 


Clinical Summary 


A 24 year old Papago Indian man was stabbed in the precordium on April 
12, 1969. An emergency thoracotomy was performed at the Good Samaritan: 
Hospital in Phoenix, Arizona, by Dr. Austin Grant. An entrance wound was 
found in the right. ventricle medial to the left anterior descending coronary 
artery, and the exit site was in the posterior portion of the left ventricle. 
The wounds were repaired with sutures buttressed with pledgets of Teflon® 
felt. A systolic murmur was first noted after operation. On April 14, the pa- 
tient had a hemorrhagic infarction of the ascending colon due to occlusion 
of the right colic artery by an embolus, and a right hemicolectomy was per- 
formed. ` 

Four weeks after the injury, examination revealed a precordial systolic 
thrill, a grade 5/6 systolic murmur, and a grade 2/6 diastolic rumble. Left ` 


axis deviation and evidence of an anterolateral myocardial infaret were 
present on electrocardiogram. Cardiac catheterization performed by Dr. Abo- 


berto Benchimol demonstrated a left to right shunt at ventricular level: with 
a pulmonary to systemic flow ratio of 1.8/1 (Table I). A left ventricular .an- 
giocardiogram demonstrated a ventricular septal defect and slight hypoki- 
nesia of the left ventricular apex, but no aneurysm. 

On May 14, 1969, the patient was transferred to the Phoenix Indian Hos- = 
pital for further evaluation of a persistent low-grade fever. Blood cultures > 
grew an alpha-hemolytic Streptococcus and Staphylococcus aureus, and the - 
patient was treated with penicillin and streptomycin for 6 weeks. After: an- 
tibiotic therapy was discontinued, fever recurred, and blood cultures again 
grew Staphylococeus aureus. From August 6 until September 23, first oxa- 
cillin and then nafeillin were given. Subsequently, results of blood cultures: © 
were negative, amd the patient remained afebrile. Chest roentgenogram 
persistently demonstrated what was interpreted as pleural and parenchy- 
mal scarring along the left cardiac border. He was discharged on October 9, 
1969. 

During the 3 months. preceding the patient's admission to the National 


Heart and Lung Institute on January 11, 1970, he experienced intermittent 
. small hemoptyses associated: with pleuritie chest pain. On admission, a 


grade 2/6 systolic murmur was heard at the left sternal border. Chest X-ray: 
film demonstrated a left pulmonary infiltrate (Fig. 1). The patient contin- 
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TABLE | 
Hemodynamic Data Obtained at Serial Cardiac Catheterizations 

















May 9, 1969 January 30, 1970 September 14, 1971 
Pressure 0. Sat Pressure 85Kr Index Pressure 85Kr index 
(mm Hg) (A) (mm Hg) (%) (mm Hg) (%) 
SVC See 66 ag en 
RA a=11,v=12 (7) 68 a= 8, v= 8 (5) 8 a=6,v=5(4) 
RV 30/10 82 23/6 9 20/5 see 
PA 30/10 (17) 80 23/9 (15) 11 20/8 (12) 4 
PAW a= maS) a = 13; v = 16:(11) S 
LV 100/12 S 105/17 118/12 
Aorta 100/65 (80) 96 105/62 (80) 122/78 (100) 
Qp/Qs 1.8/1.0 <1.1/1.0 1.0/1.0 


Figures in parentheses indicate mean pressures. 





a = a wave; LV = left ventricle; PA = pulmonary artery; PAW = pulmonary arterial wedge; Qp/Qs = pulmonary to systemic flow 
ratio; RA = right atrium; RV = right ventricle; SVC = superior vena cava; v = v wave. 


ued to have small (10 to 30 cc) hemoptyses almost daily. 
Lung scan, bronchoscopy and bronchography did not re- 
veal the source of bleeding. At cardiac catheterization a 
minute left to right shunt was found at the ventricular 
level (Table I and Fig. 2). Angiograms revealed an apical 
aneurysm communicating with the left ventricular cavity 
through a narrow opening (Fig. 3). 

Surgical findings and results: On February 11, sud- 
den massive hemoptysis (approximately 1,500 cc) oc- 
curred, and operation was undertaken as an emergency. A 
bilateral anterior thoracotomy was performed, and cardio- 
pulmonary bypass was instituted. A large false aneurysm 
of the left ventricle was found, densely adherent to the 
medial basal segment of the left lower pulmonary lobe. Its 
wall consisted of fibrous tissue and pericardium, and its 
lumen communicated with the ventricular cavity through- 
a 1 by 2 cm opening. The lumen also communicated with 
the pulmonary parenchyma through an opening that was 
filled with fresh blood clot. The aneurysm was excised, 
and the cardiac opening closed with Dacron® sutures. The 
inflammatory tissue adherent to the lung was excised, and 
the pulmonary tissue was approximated with catgut su- 
tures. Cultures of the excised tissue grew Staphylococcus 
aureus. This organism was also grown from the blood re- 
maining in the heart-lung machine after bypass, and it 
eventually grew in two of the numerous preoperative 
blood cultures. Postoperatively, the patient was given ceph- 
alothin, then oxacillin intravenously for 6 weeks, and 
later cloxacillin orally for 6 months. He remained afebrile. 


FIGURE 1. Posteroanterior chest 
roentgenograms before (left) and 
after (right) left ventricular aneurys- 
mectomy. The infiltrate adjacent 
to the cardiac apex on the pre- 
operative film probably represents 
intrapulmonary hemorrhage from 
the leaking aneurysm. 


A short grade 2/6 systolic murmur still was audible 
along the left sternal border when the patient returned 4 
months after operation. On a second visit 3 months later, 
however, no murmur was heard, and none has been heard 
subsequently. At cardiac catheterization 19 months after 
operation an intracardiac shunt could not be demon- 
strated (Table I and Fig. 2). On cineangiogram the left 
ventricular apex was hypokinetic, but no aneurysm was 
seen (Fig. 3). The patient is asymptomatic and has re- 
turned to full-time work as a welder. 


Discussion 


Cardiac trauma, either penetrating! or nonpene- 
trating,? often is rapidly fatal. If the patient sur- 
vives, he usually has no permanent cardiac dysfunc- 
tion. Rarely, however, trauma results in a chronic 
cardiovascular abnormality such as atrioventricular 
or intraventricular conduction defect?; aortic,? mi- 
tral‘ or tricuspid® regurgitation; constrictive pericar- 
ditis*; communications between the aorta and the 
right ventricle,’ right atrium® or pulmonary artery; 
left ventriculo-right atrial fistula; coronary arterio- 
venous fistula11; communication between the left 
ventricle and coronary sinus??; ventricular septal de- 
fect1:12-15; or aneurysm of the right!®-1" or left ven- 
tricle.1:15.18-20 There have been 2 other reports of 
patients who had both a left ventricular aneurysm 
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INJECTION INJECTION 
EARLY OYE 
INJECTION - PA APPEARANCE 
SAMPLING- RFA 
INJECTION ~ LV 
SAMPLING - PA 
INJECTION - SVC 
SAMPLING - RFA 
INJECTION ~ LV 


SAMPLING - RA 


INJECTION = LV 
SAMPLING-RFA 


INJECTION eet ae 
INJECTION - PA INJECTION-LV 
SAMPLING -LFA SAMPLING - PA 
INJECTION ~ LV INJECTION-LV 
SAMPLING-LFA SAMPLING- RA 


and a ventricular septal defect after trauma. The le- 
sions occurred after a penetrating injury in 1 pa- 
tient? and a blunt injury in the other.15 A ventricu- 
lar septal defect and a right ventricular aneurysm 
followed nonpenetrating trauma in an additional pa- 
tient.17 Systemic embolization may occur soon after 
cardiac trauma, as in the present patient, or may 
occur later after the development of infective endo- 
carditis or a left ventricular aneurysm.18 
Post-traumatic ventricular aneurysm: An an- 
eurysm occurring after blunt trauma may be either a 
true1® or a falset? aneurysm, but one developing 
after penetrating trauma is almost invariably of the 
false variety.19-20 A false aneurysm is the result of 
organization of a contained ventricular rupture,?!-23 
and characteristically it has a narrow communica- 
tion with the ventricular cavity. Its wall is composed 
entirely of fibrous tissue, and there is an abrupt 
transition from fibrous tissue to myocardium at the 
mouth of the aneurysm. In contrast, a true aneurysm 


. 





FIGURE 2. Indicator-dilution curves. A, on 
January 30, 1970, the routine curves, in- 
scribed using systemic arterial sampling, had 
slightly prolonged downslopes without defi- 
nite breaks. However, with the densitometer 
at its highest sensitivity setting, a small 
amount of early appearing dye could be de- 
tected in the pulmonary artery after injection 
of a large amount (7.5 mg) of indocyanine 
green dye into the left ventricle. Thus, the 
presence of a small left to right shunt was 
established. B, on September 14, 1971, a 
year after the systolic murmur had disap- 
peared, the routine curves were no longer 
prolonged, and even with the densitometer at 
the highest setting, no early appearing dye 
could be detected in pulmonary artery after 
injection of 7.5 mg of indocyanine green into 
the left ventricle. 
LFA = left femoral artery; LV = left ven- 
tricle; PA = pulmonary artery; RA = right 
Wee a atrium; RFA = right femoral artery; SVC = 
9/14/71 superior vena cava. 


usually has a wide communication with the ventricu- 
lar cavity and has some myocardial fibers in its wall; 
there is a gradual transition from myocardium to fi- 
brous tissue at the mouth of the aneurysm.?1-23 Sys- 
temic emboli, electrocardiographic findings of a 
myocardial infarct and paradoxic pulsation on fluo- 
roscopic study are features common to both true and 
false aneurysms, whether these result from trau- 
mał8-20 or coronary artery disease.21 Left ventric- 
ulography, however, often demonstrates the size of 
the communication between ventricle and aneurysm, 
and thus allows false aneurysms to be distinguished 
from true ones.19 

In the patient described, infection probably played 
an important role in the formation of the false aneu- 
rysm. A left ventricular cineangiogram obtained 4 
weeks after the initial injury showed a small area of 
hypokinesia at the apex, but no aneurysm. Nine 
months later a large aneurysm was present, and at 
the time of aneurysmectomy the suture material 
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used to close the initial laceration in the left ventri- 
cle was found within the aneurysm, and on culture 
grew Staphlococcus aureus. Two of the previously 
«described patients who had post-traumatic false an- 
~eurysms of the left ventricle also had cardiac infec- 
tions.?° 
Rupture of a ventricular aneurysm is unusual, but 
probably occurs more frequently when the aneurysm 
is of the false type.?3 Regardless of type, however, 
. most ventricular aneurysms that have ruptured have 
“done so within 3 months of the initial injury, wheth- 
r the latter was trauma??-2° or myocardial infarc- 
_ tion due to coronary artery disease.?3 Once rupture 
has occurred, death usually follows rapidly. In the 
present patient rupture probably occurred 6 or 7 
- months after the initial injury, when he began hav- 
ing pleuritic chest pain and hemoptysis. Successful 
operative repair of a ruptured post-traumatic ven- 
‘tricular aneurysm has been described only once pre- 
_ viously.?° In that patient an infected false aneurysm 
ruptured externally through the left anterior chest 
wall. 
Post-traumatic ventricular septal defect: Al- 
: though fewer than 20 patients with ventricular septal 
defect following penetrating trauma have been de- 
- seribed,!:13.14,24-37 there appears to be a characteris- 
tic clinical pattern. After a penetrating chest wound, 
= blood replacement, pericardiocentesis and, often, 
-emergency thoracotomy to suture a right ventricular 
laceration are required to restore satisfactory circula- 
tory dynamics. Only then is a systolic murmur 


































FIGURE 3. Left ventricular angiograms. 
z Left, serial fiims taken preoperatively in 
z diastole (above) and systole (below) in 
: anteroposterior projection. During systole the 
“sparrow communication between the aneu- 
~-rysm-(A) and the ventricle (LV).can be seen 
_ (arrows): Right, diastolic (above) and systol- 
ic (below) frames of a post-aneurysmectomy 
-cineangiogram, in the right anterior oblique 
“projection, show normal left ventricular con- 
traction except for mild apical hypokinesia. 















heard. The murmur often increases in intensity over 
a period of days, thereby indicating that the septal = 
defect increases in size. Subsequent cardiac catheter- 
ization documents the presence of a ventricular sep- 
tal defect, and although the volume of shunted blood 
may be large, it is more. often small. Nevertheless, 
operative repair has been undertaken in 12 of the 
last 15 patients reported to have had a ventricular 
septal defect after penetrating trauma, and in 10 the 
operation was performed less than 6 months after the 
injury. 

Our patient first underwent catheterization 4 
weeks after injury, when a grade 5/6. pansystolic 
murmur was present. The pulmonary to systemic. 
flow ratio calculated by oximetry was 1.8/1.0. Ten 
months after injury, when the murmur was of grade 
2/6, the ®5Krypton shunt test was negative, and in- 
dicator-dilution curves demonstrated only a minute 
left to right shunt. Seventeen months after injury the. 
murmur could no longer be heard, and at catheter- 
ization a year later no intracardiac shunt could be 
detected. Complete spontaneous closure of a post- 
traumatic ventricular septal defect also has been de- 
scribed by Walker,!4 and it is possible that many of 
the defects closed at operation might have closed 
spontaneously. Thus, the course of our patient would 
indicate that if a post-traumatic ventricular septal. 
defect is producing neither symptoms nor pulmonary 
hypertension, operation may not be necessary and 
should be delayed with the hope that spontaneous 
closure may occur. 
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: _ Conduction System 
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San Francisco, California 


lauricio Rosenbaum’s recent contributions? to the 
eld of electrocardiography have brought forth new 
cepts: and controversies. Clinicians have generally 
accepted the principle of certain characteristic elec- 
trocardiographic changes reflecting impairment of 
impulse conduction in the various portions of the 
atrioventricular (A-V) conduction system. However, 
a thorough understanding of the conduction distur- 
< bances encountered in clinical electrocardiography 
“requires an appreciation of the detailed anatomy of 
the conduction system, especially in its peripheral 
stribution. 
Anatomic? and subsequent physiologic studies in 
the experimental animal have helped expand 
knowledge of the effects of interruption of specific 
peripheral pathways of impulse conduction. On the 
other hand, whereas detailed anatomic studies of the 
ripheral conduction system in the dog have been 
obtained with relative ease by means of gross stain- 
ing of the fibers with Lugol’s solution, it is relatively 
difficult to perform similar studies on human speci- 
ens.®:" Serial histologic studies that have been ap- 
plied to the A-V node*1! are extremely tedious and 
difficult to perform on the peripheral conduction sys- 
“tem. Nevertheless, a general picture of the peripheral 
< conduction system has emerged which has provided 
investigators and clinicians with a framework for un- 
derstanding the electrocardiographic manifestations 
of conduction defects. 
The A-V node in the lower right atrial septum, the 
penetrating, nonpenetrating and branching portions 
of the common bundle and the right bundle are less 
“controversial than the peripheral distribution of the 
left bundle. Rosenbaum® considered the left bundle 
to separate into two fascicles. Accordingly, distur- 

















< bances in the conduction system at the level of the 


common bundle could result in monofaseicular 
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Some Controversy Regarding the Peripheral Distribution of the 



















block, whereas disturbances involving the right and 
predivisional portion of the left bundle could result 
in bifascicular block. Disturbances in the right bun- 
dle and anterior and posterior fascicles of the left 
bundle could give rise to trifascicular block: Similar- 
ly, disturbances in the left anterior or left posterior 
branches were referred to as anterior or Posteri 
hemiblocks. ; 

Trifascicular vs. quadrifascicular block: Öne ae 
point of controversy relates to the term hemiblock 
which implies that there are two routes for the en- 
trance of the impulse into the left ventricle. How 
ever, there is anatomic and physiologic evidence 
the human heart for the entrance of the impulse at 
three rather than two general sites. The lower por- 
tion of the septum contains a ramifying network of 
conduction fibers,®&7 and activation studies have _ 
demonstrated the simultaneous appearance of the 
impulse in the septal as well as the anterior and pos- . 
terior portions of the left ventricle.!* Thus, one: 
might consider that there are in effect four general 
sites by which the activation process seeks entrance 
into the ventricles, excluding bypass fibers (for ex- 
ample, Wolff-Parkinson-White syndrome). These 
would consist of the three routes in the left ventricle | 
(anterior, septal, and posterior branches of the left — 
ventricular conduction system) and the right branch 
in the right ventricle. Thus, it is plausible that we 
are working with a ‘‘quadrifascicular system,” anda. 
theoretical, disturbance at the most. peripheral level. 
of the conduction fibers would cause quadrifascicular. _ 
block. In a sense,. all complete ‘blocks at a higher 
level (mono-, bi- and trifascicular block) are quadri- 
fascicular blocks, when related to the entrance of the 
activation process into the ventricular myocardium, 
To the purist the designation of a particular type of. 
fascicular block or hemiblock fixes vertical level of. 
block on the “expanding tree” of the cardiac conduc- 
tion system. 

Division of the left bundle vs. fan-like radia- 
tion: A second controversy relating to the peripher- 
al conduction system is whether or not the left bun- 
dle divides or flows as a sheet from the region of the 
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membranous septum. 1? In Tawara’s original monog- 
raph, he illustrates two extremes, one showing di- 
visions of the left bundle and another showing a fan- 
like sheet radiating without abrupt division. Some 
may question whether the latter anatomic’ variant is 
compatible with current concepts of blocks of the 
anterior and posterior fascicles, or indeed, if the 
hemiblock concept: has a factual anatomic basis.1% 
The experimental studies on septal activation of 
Sodi-Pallares et.al.;15 Burchell et al.,16 Scher et al.?? 
and, more recently, Myerburg et al.18 support the 
concept of the activation impulse being contained 
‘within the conduction system while traversing the 
‘myocardium to a specific destination before activat- 
ing the muscle. Accordingly, from this standpoint 
the sites where the activation impulses enter the 
muscle mass become important in regard to the 
complex spread of the activation process through 
muscle, whereas the routes of travel of the peripheral 
conduction fibers are more relevant as to whether or 
not localized areas of disease will intercept these fi- 
bers. Thus the “cables?” may vary in course, but the 
location where the cables “plug in” becomes impor- 
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velopment of the activation process 
and genesis o. e QRS complex.12:19 

It should | pointed out that it is customary to 
od ventricle in an unrolled position; 
however, in~; the conical nature of the heart rẹ- 
sults in thre general directions of the activation | 
wave through :nuscle independent of the routes of 
the fibers at fe higher levels of the conduction sys- ` 
tem. Specific. ly, the anterior radiations lead to. 
anterolateral . ‘iented vectors, the septal to right-. 
ward oriented vectors, and the posterior to postero- 
superior orien ed vectors which together ultimately 
lead to the e olution of the complex electrocardio- 
graphic patters.19 On this basis the anatomic vari- 
ations described are not incompatible with the con- 
cepts of specific conduction defects reflecting inter- 
ruption of anetomic sites and presenting as electro- 
cardiographic changes due to alteration of the acti- 
vation process. 

No doubt, the future will bring new or more re- 
fined experimental techniques which will again bring 
forth new da!» and further questions and contro- 
versies regardi::g the conduction system of the heart. 


tant in the « 







References 


York, Parganion Press, 1965, p177 
10. Hudson RE: The human conducting-system and. its. e m 
nation. J.Clin Path 16: 492-498, 1963. ! 
11. Davies MJ: A histalogical study of the conduction syster 
in complete heart block. J Path Bact 94:351-358, 1967, o 
12. Durrer D, van-Dam RT, Freud GE, et al: Total excitation: of i 
the isolated human heart. Circulation 41:899-912, 1970 > 
13. Massing GK, James TN: Anatomical configuration | 
His bundie and proximal -bundle branches in. the human 
heart (abstr). Circulation 43: suppl 2:64, 19710 0 in oe pi 
14. Tawara $: Das Reizleitungssystem des Saugetierherzens. 
Jena, Germany, Gustav Fischer, 1906 
15. Sodi-Pallares D, Rodriguez MI, Chait LO, et al: Activation 
of the ventricular septum. Amer Heart J 41:569-608, 1951. 
16. Burchell HB, Essex HE, Pruitt RD: Studies on the spread 
of excitation through the ventricular myocardium. 2. Ven~ 
tricular septum. Circulation 6:161~-171, 1952 : 
17. Scher AM, Young AC, Malmgren AL, et.al: Activation of 
the interventricular septum. Circ Res 3:56-64, 1955 ` a 
18. Myerburg RJ; Nilsson K, Gelband H: Physiology of canine. 


intraventricular conduction: and endocardial excitation, Cire: oe 


Res 30:217-243, 1972 oe 
19. Unley, HN: The quadrifascicular nature of. the peripheral ; 
conduction system. in, Cardiac Arrhythmias (Dreitus LS, Li- 
koff W, ed). New York, Grune & Stratton, 1972, in press... 























LETTERS TO THE EDITOR 








anette een ernest 



















“STONE HEART” 


wo editorials in this Journal).2 dealing with the “stone 
art” have clearly defined a syndrome which accounted 
more than a quarter of the operative deaths due to 
cute myocardial failure during open heart surgery using 
ardiopulmonary bypass in a large series. 1 
. To summarize briefly, all the affected patients had se- 
ere myocardial hypertrophy of the concentric type, and 
howed microscopic contraction bands. The authors pro- 
osed that the ischemic cardiac arrest involved in the 
perative technique further encroaches on the already de- 
d stores. of myocardial high energy compounds? and 
intracellular concentration of adenosine triphosphate 
'P) then may not be high enough to achieve relaxation, 
hich is also.an energy- requiring process.” Finally, Cooley 
al. put forward the view that, once established, this 
of contracture is difficult, if not impossible, to re- 
necause “coronary artery perfusion on the cellular 
y be reduced irreversibly by closure of the myo- 
ardial sinusoids.” 
ley et al.) have outlined a large number of therapeu- 
asures that have been tried without success to re- 
arse the contracted state. The recent adoption by these 
estigators of controlled hypothermia during ischemic 
t.when patients with severe left. ventricular hypertro- 
y are placed on total cardiopulmonary bypass is cer- 
ily an attractive idea, since this measure reduces the 
utilization of ATP while the heart is anoxic. 
offer for consideration here a further measure 
hed at preserving myocardial ATP levels during the pe- 
riod of ischemic arrest in patients with severe left ventric- 
ar hypertrophy: this is the potassium, glucose and insu- 
gimen, recently reviewed by Opie.? Thus, a possible 
e scheme is outlined, based on the work of Sodi-Pal- 
et al.4 who aimed to keep the blood glucose level be- 
en 120 and 150 mg/100 ml.* © 
Intravenous administration of 1,000 ml of 18 percent 
ose and 40 units of regular insulin over 8 to 12 hours, 
ng 4 to’6 hours before operation. 
The amount of potassium chloride would be varied 
ecording to the serum level as shown in Table I. 
Thus, before the onset of ischemic arrest, the heart 
would be “primed” with increased levels of glucose and 
zlycogen so that during the period of ischemia anaerobic 
glycolysis could supply enough ATP to keep the heart in a 
relaxed state. A further benefit of this regimen is that it 
should not impair contractility once coronary flow is re- 
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In our view, prophylactic use of this-regimen is worth 
considering in patients who are found to. have severe left 
ventricular hypertrophy in..the course of preoperative 
studies, particularly since there are many reports! of the 
use of this regimen in myocardial infarction. 


Gabriel Kolos MB, BS 
John F: Williams, PhD 
John B. Hickie MB. 
FRACP, MREP, FACC: 
Schools of Bioghainisty a and Medicine 
; University of New South Wales 
South Wales, Australia 
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THE AUTHOR REPLIES 


The letter from Kolos et al. is interesting and: nt: 
duces another approach to the problem of “st 
which may be of practical value. Fortunat ly, $ | 
have been using controlled hypothermia to red 
myocardial temperature to 26 to 30 C duri 
rest, we have not had another case of “ston i 
ischemic contracture. Thus; this condition as been virt 
ally eliminated from our clinical practice. 


Denton A. Cooley, MD, FACC 
Cardiovascular Associates < 
Texas Heart Institute 
Houston, Texas 














INFERIOR WALL MYOCARDIAL INFARCTION AND 
ATRIOVENTRICULAR NODAL DISEASE _ 


Lichstein and Chadda, in their article “Atrioventricular 
Block Produced by Swallowing, with Documentation by 
His Bundle Recordings” (Amer J Cardiol .29:561-563, 
1972) state that“... 2 patients previously reported on had 
evidence of previous myocardial. infarction.” They also 
state, “Our patient had intrinsic myocardial disease 
which was probably hypertensive and arteriosclerotic in 
origin.” In their analyses of the- electrocardiograms and 
the vectorcardiogram, they failed to mention that an infe- 
rior wall myocardial infarction is also present; the latter 
makes the diagnosis of atherosclerotic heart disease more 
than probable and offers a reasonable explanation for ana- 
tomic atrioventricular nodal disease. : 


Joseph P. Liss, MD. FACC 
St. Francis Hospitai ; 
Hartford, Connecticut 
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We believe that an inferior wall myocardial infarction was 
probably present in our patient. At the time the manu- 
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script was prepared we considered the diagnosis question- 
able, both from the electrocardiogram and the vectorcar- 
diogram (VCG). We chose simply to say that the patient 
had arteriosclerotic heart disease rather than voice specu- 
lation which did not seem appropriate to this type of arti- 
cle. 

The initial 12 msec vector is directed inferiorly in the 
frontal plane. This is seen in the vectorcardiogram and by 
the presence of an initial R wave in lead III of the electro- 
cardiogram. The previously accepted criteria for the diag- 
nosis of inferior wall myocardial infarction have empha- 
sized the importance of early superior QRS forces.1 

Recently, studies by Benchimol and Desser? and Kul- 
bertus et al.? have described criteria for the diagnosis of 
coexisting left anterior hemiblock and inferior wall myo- 
cardial infarction. The criteria of Benchimol and Desser 
include clockwise and superior inscription of the 20 to 30 
msec vectors and counterclockwise and delayed inscrip- 
tion of the terminal 40 msec vector in the frontal plane. 
Benchimol et al.4 also state that the initial 10 msec vector 
may be directed inferiorly and probably represents normal 
septal activation. 

On the basis of these studies, which appeared after our 
manuscript. was submitted, a diagnosis of inferior wall 
myocardial infarction coexisting with left anterior hemi- 
block and complete right bundle branch block is likely. 


Edgar Lichstein, MD 

Kul D. Chadda, MD 

Department of Medicine 

Division of Cardiology 

Mount Sinai Hospital Services 
City Hospital Center at Elmhurst 
Mount Sinai School of Medicine 
of the City University of New York 
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COMPLICATIONS OF 
BEALL VALVE PROSTHESIS 


Complications resulting from unsolved problems in the de- 
sign and manufacture of prosthetic cardiac valves continue 
to plague patients with these prostheses. In a recent report? 
we described disc variance with thinning, grooving and 
notching in the first model Beall valves. Severe mitral re- 
gurgitation resulted from this mechanical wear in 1 of our 











FIGURE 1. Beall valve prosthesis at postmortem examination. 


patients. We have subsequently noted disc variance at 
autopsy in most patients with Beall valves manufactured 
before March 1968. Severity of the disc variance is directly 
proportional to the length of time the prosthesis has been 
in place. Recently, postmortem examination revealed a 
valve that undoubtedly produced severe mitral regurgita- 
tion (Fig. 1). Although the patient exhibited heart failure, 
the prosthetic valve sounds were normal and no mitral 
valve murmurs were heard. Only a mild aortic diastolic 
blow was noted. The phenomenon of severe mitral -re- 
gurgitation without murmurs in association with the | 
prosthetic mitral valve is well known.? 

The severe deformity that occurs in the Beall mitral 
valves manufactured before March 1968 represents a dis- 
tinct clinical hazard. Since clinical diagnosis is difficult, 
and at times impossible, other diagnostic measures must be 
employed, It is our opinion that patients who have re- 
ceived a Beall mitral valve manufactured before March 
1968 should be considered for left ventriculography to de- 
termine prosthetic valve competency. If severe valvular 
regurgitation is found, consideration should be given to 
surgical replacement of these prostheses especially if the 
clinical course has been complicated. These measures seem 
warranted to prevent possible complications resulting 
from prosthetic valvular regurgitation or red blood cell 
trauma. 


Frank J. Hildner, MD, FACC 

Morton J. Robinson, MD 

Division of Cardiovascular Disease ~ 
Department of Internal Medicine 
Mount Sinai Hospital of Greater Miami 
Miami Beach, Florida 
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Clinical Cardiology, third edition (first American 
edition), by Velva Schrire. New York, Harper & Row, 658 
pages, $15.00 


Is there a place for a relatively small “single author” text- 
book about a big subject such as clinical cardiology? The 
late Dr. Schrire, a South African cardiologist of solid ac- 
complishment and international repute, has answered this 
affirmatively in some areas, but in others I think has been 
defeated by severe space limitations. The result is a mix- 
ture that will probably appeal more to the internist or 
general practitioner than to those intensively interested in 
cardiology. 

The scope of this volume is broad and includes chapters 
on the prevalence of heart disease, cardiological history, 
physical examinations, radiology, electrocardiography, ar- 
‘rhythmias, heart failure, congenital and rheumatic heart 
disease, endocarditis, cardiomyopathy and myocarditis, 
pericarditis, ischemic heart disease, hypertensive heart 
disease, syphilis, aortic disease and cor pulmonale. 

The basic facts are well covered, although at times 
couched in terms that might lack appeal for a sophisticat- 
ed reader. In the chapters on clinical entities, there is an 
attractive ease of style, at times reminiscent of an infor- 
mal lecture. Few words are wasted, but at times the dis- 
cussions are so compact that there is little depth, particu- 
larly when the choice of treatment is somewhat controver- 
sial. Little rationale is given for the choices made, and 
they are often set down as in a house officer’s manual. 
One might also fault the allocation of available space. For 
example, congenital heart disease, which is well covered, 
is given 98 pages, but the entire subject of ischemic heart 
disease, including atherosclerosis, angina pectoris and 
myocardial infarction, is confined to 62 pages. Many read- 
ers may find this a puzzling imbalance, considering the 
relative frequencies of these 2 groups of heart disease. 

The chapter on ischemic heart disease suffers from this 
lack of space. There is inadequate discussion of the com- 
plications of coronary arteriography, a cursory discussion 
of coronary arterial surgery with no mention of postopera- 
tive graft patency. Anticoagulant agents are recommended 
for angina pectoris and for “crescendo angina,” but no 
concrete evidence is submitted in support of this recom- 
mendation, which many cardiologists do not accept. Al- 
though many references are mentioned at the end of the 
text, the text itself usually does not refer to them specifi- 
cally, which vitiates their value. There is no discussion of 
surgery for “impending infarction,” admittedly a contro- 
versial area, or of the prognosis of angina in relation to 
coronary arterial lesions. In a regrettable error, the de- 
scription of ‘‘Prinzmetal angina” states that the S-T seg- 
ments are depressed. The importance of renal vein renin 
and alteration of arterial PO% are not discussed in the sec- 
tions concerning renal hypertension and pulmonary 
embolism. } 

Many of the omissions are inevitable when one at- 
tempts to cover a broad subject in a volume of manage- 
able size. Although Dr. Schrire’s book cannot be considered 
a substitute for more complete single or multiple-author 
texts in cardiology, it does have value as a reasonably 
compact, intelligently compiled, broadly based volume. 
There is adequate information to satisfy most needs. For 


more prolonged and deeper discussions, the reader will 
have to look elsewhere. 
Leslie A. Kuhn, MD, FACC 
New York, New York 


Cardiac Arrhythmias, edited by Jaok Han. Springfield, Il., 
Charles C Thomas, 1972, $23.50 


Too frequently, symposia do not represent the most con- 
scientious efforts of even the most outstanding partici- 
pants. This one is an exception. That its editor cares 
about performance is apparent in the scope and organiza- 
tion of topics that successively complement each other 
with minimal overlap. The list of distinguished contribu- 
tors correctly proclaims the quality and authority of a 
wide range of well chosen discussions covering established 
and developing concepts of pathogenesis, diagnosis, prog- 
nosis and treatment of dysrhythmias, atrioventricular 
block and the Wolff-Parkinson-White syndrome. 

Most of the 13 chapters share the virtues of being com- 
prehensive yet succinct, and are often surprisingly well 
written for technical literature. The book is introduced by 
Ten Kick and Singer’s exploration of the electrogenesis of 
arrhythmias, featuring thorough discussions of automatic- 
ity and conductivity plus appropriate caveats about the 
uncertain validity of model dysrhythmia systems such as 
drug-depressed animal atria and Purkinje tissues. In “A-V 
Junctional Arrhythmias,” Scherf presents additional dis- 
cussions of coronary sinus rhythm and junctional mecha- 
nisms in flutter, fibrillation and parasystole in 12 pages of 
concentrated good sense and clarity which have long been 
the hallmark of this durable master investigator and clini- 
cian. Haiat, Dreifus and Watanabe’s observations in 102 
cases of second degree and high grade atrioventricular 
block clarify indications for pacing and confirm observa- 
tions that the clinical course of chronic atrioventricular 
block correlates best with QRS duration. Although not 
equally valid for mortality, this basis for reclassifying 
types I and II atrioventricular block is supported by well 
reasoned arguments. “Aberration of Intraventricular Con- 
duction” by Massumi is a good example of the kind of in- 
ductive reasoning from experimental and clinical observa- 
tions characterizing contemporary studies and standing in 
marked contrast to the informed speculations from assort- 
ed electrocardiograms which have long been the mealtick- 
et of arrhythmia buffs. Massumi includes guidelines for 
the crucial distinction between ectopic ventricular and 
His bundle beats and supraventricular beats with aberra- 
tion, plus an analysis of the “linger effect” sometimes 
characterizing the latter. An exceptionally smoothly writ- 
ten clinical discussion of bradyarrhythmias by Brown in- 
cludes consideration of diving responses in connection 
with his intriguing hypothesis that bradycardia in critical 
clinical settings may be the result of an inappropriate 
oxygen-conserving reflex. i 

The editor and contributors to this symposium have 
produced a balanced, practical presentation of current 
theory and practice in the major types of dysrhythmia and 
atrioventricular block. The volume succeeds in this aim 
because Dr. Han has asked the right questions and has 
asked the right people to answer them. 

David H. Spodick, MD, FACC 
Boston, Massachusetts 
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phy of Medical Reviews. The first of these Biblio; iog 
the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 


A Cooperative Pro; ram of the American College of Cardiology and the National Library of Medicine 


ADRENAL GLAND DISEASES 


Hyperplasia anc tumors- of the adrenal cortex. Harrison 
JH, et al; Urol Int -27:81-117, 1972 


ADRENAL GLAND. HYPERFUNCTION 


Hyperplasia and tumors of the adrenal cortex. Harrison 
JH, et.al. Urol: Int 27: 81-117, 1972 


ADRENAL GLAND NEOPLASMS 


Hyperplasia amd tumors of the adrenal cortex. Harrison 
JH; et al Drol Int 27:81-117, 1972 


AORTIC ANEU RYSM 


Aortic diaseetions and dissecting aneurysms. 
Anagnostopeulos CE, et. al. 
Am adi Cardiol 30:263-73, Aug 72 (109 ref.) 


AORTIC DISEASES 


‘Aortic 
“Anagnostopoulos..CE, et al. 
“Am 3 Cardiol 30:263-73, Aug 72 (109 ref.) 


“BLOOD PRESSURE 


The inter-relationships between renal prostaglandins 
, and blood pressure regulation. Lee JB. 
me Ams Mei ‘Sei 263:335-46, May. 72 (52 ref.) 


CARDIOVASCULAR SYSTEM 


Central nervous control of cardiac activity, II 
Manchanda: SK. 
‘Indian J Physiol Pharmacol 14:211-30, Oct 70 (134 ref.) 


CORONARY DISEASE 


The hyperlipidemias and coronary artery disease. 
Stone NJ. et al. DM 1-35, Aug 72 (62 ref.) 


DIABETIC ANGIOPATHIES 


Diabetogensus peripheral microangiopathy. Baerg RH: 
J Am Podiatry Assoc 62:169-78,.May 72. (65 ref.) 

Immunologie aspects. of diabetic angiopathy: does 
thyroid autoimmunity play an etiologic role in some 
forms of diabetic vasculitis? Premachandra BN. 
er oo Bekaempt Krebskr 8:302-43, Sep 71 
(175 ref.) 


DIGITALIS GLYCOSIDES 


Contribution of: quantitative assay technics to the 
understanding: of the ‘clinical pharmacology of 
‘digitalis, Smith TW. 

Circulation 46:188-99, Jul 72 (100; ref.) 


HEART 


The use of nerve blocks for studying cardiopulmonary 
physiology in man; Elsele JH, 

Br 3 Anaesth 44:606-10, Jun 72 (23 ref.) 
Central. nervous control of cardiac activity. IT. 
Manchanila SK. 

Indian d Physiol Pharmacol 14;211-30, Oct 70 (134 ref.) 





“dissections and dissecting aneurysms. 





972 The American Journal of CARDIOLOGY _ Volume 30 


HEART DEFECTS, CONGENITAL 


Surgical approaches in congenital heart disease. Pierce 
WS, et al, 
Pediatr Clin North Am 19:333-53, May 72 (15 ref.) 


HEART RATE 


The significance of heart rate for behavior: a critique of 


Lacey’s. hypothesis, Elliott R. 
J Pers Soc Psychol. 22:398-409, Jun 72 (46 ref.) 


HYPERTENSION, RENAL 


The inter-relationships between renal. prostaglandins 
and blood pressure regulation. Lee JB. 
Am J Med Sel 263:335-46, May 72 (52 ref.) 


MONOAMIN E OXIDASE IN HIBITORS 


Monoamine oxidase inhibitors. Ho, BT,» 
J Pharm Sei 61:821-37,. Jun. 72 (212. ref.) 


MYOCARDIAL DISEASES, PRIMARY 


The cardiomyopathies. Goodwin JF, et al. 

Br Heart J 34:545-52, Jun. 72 (55 ref.) 
Cardiomyopathic Syrian hamster: a possible model of 
human. disease, Gertz EW. 

Prog. Exp Tumor Res 16:242-60, 1972. (35 ref.) 


PERICARDITIS, CONSTRICTIVE 


The pericardium. Bave AE, al, 
Ann Thorac Surg 14:81-106, Chat 72 (87 ref.) 


PERICARDIUM 


The pericardium. Baue AE, et al 
Ann Thorac Surg 14:81-106, Jul 72 {67 ref.) 


PROSTAGLANDINS 


The inter-relationships between ‘renal prostaglandins 
and blood pressure regulation; Lee JB. 
Am J Med Sei 263:335-46,. May 72 (52 ref.) 


PULMONARY EDEMA 


Pulmonary edema. The water-exchanging function of 
the tung. Fishman AP. 
Circulation. 46:390-408, Aug 72 (68 ref.) 


PULMONARY HEART DISEASE 


Chronic. pulmonary heart. disease. Thomas Ad. 
Br ‘Heart J 34:6587, Jul- 72 {50 ref.) 


THROMBOSIS 


Platelets: and thrombogenesis-eurrent. concepts, 
Schnetzer. GW. 3d. Am. Heart J. 83:552-64, Apr 72 


VENTRICULAR FIBRILLATION 


Treatment of ventricular arrhythmias in ambulatory ; 
patients. England RA. 
Med Clin North Am 56:615-24, May 72 BT ref.) 


* Citations obtained. from the National Library of Medicine's MEDLARS Retrieval Program—Bibliogra- 
raphies, and an explanatory editorial, appeared in 






























AMERICAN COLLEGE OF CARDIOLOGY NEWS 


CALENDAR OF CONTINUING MEDICAL EDUCATION PROGRAMS 





The National Committee for Con- 
‘tinuing Medical. Education, William 
ikoff, MD, FACC, Chairman, announces 
he following calendar of programs. 
Each program is designed to en- 
arge knowledge and clarify the: end- 
E essly changing frontiers which mark 
cientific achievements in the recog- 
ition and treatment of cardiovascular 
isease. Although the disciplined ob- 
ctive of each program as well as its 
tent, format and. faculty are pri- 
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marily determined by the Program Di- 
Committee for 
Continuing. Medical. Education always 
exercises. the prerogative of final re- 
view and approval, whether the pro- 
gram is’ sponsored. solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 


rector, 


the National 


sional societies. 


Subject. matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 
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gram structures vary as to methods of 
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The. National Committee for Con- 
tinuing Medical. Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in. continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and Challenging h health 
problem of our time. i 


P ograms and-faculty are subject to change. For further information write Mary Anne Mcinerny, Director; Department of Continuing 
eation ‘Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014, : 
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Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those:occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCl = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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If your. 
hypertensive 
patients 
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they dont need 
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But what about the hypertensive 

patients whose tension/anxiety 1 isn’t under 
control? The kind of patients you decide must 
be kept calm? Valium’ (diazepam) can be 
: important adjunctive therapy for 
these patients whose management 
is significantly complicated by 
underlying, excessive tension and anxiety. 


Most patients experience significant relief of psychic tension 
symptoms after the first few days of Valium therapy; some patients 
may need more time for a clear-cut response. Valium is used with 
certain medications of other classes of drugs such as cardiac glycosides, 
diuretics, vasodilators, anticholinergics and antacids. 


Valium tablets are usually well tolerated, and generally do not 
affect respiration, pulse or heart rate. The most frequent side effects 
reported have been drowsiness, fatigue and ataxia. Patients should be 
cautioned against engaging in hazardous occupations 
or driving. 


For certain hypertensive patients 
who can’t handle their psychic tension, 


Valium can be an important addition to the Valium’ 


th ti imen. e 
erapeutic regimen diazepam) 
2-mg, 5-mg, 10-mg tablets 





adjunct for the overly tense 
hypertensive patient 
who must be kept calm 


Please turn page for a summary of product information. 


Valium’ 
diazepam) 
2-mg, 5-mg, 10-mg tablets 


adjunct for the overly tense 
hypertensive patient 
who must be kept calm 


Prompt action — Significant 
reduction of anxiety in the overly 
tense patient is often seen in the 
first few days of therapy, although 
some patients may need more 
time for a clear-cut response. 

High efficacy — Valium® 
(diazepam) can help relieve tension- 
produced symptoms in patients 
overreacting to situational stresses 
and in patients with psychoneuroses. 

Generally well tolerated — 

The most commonly reported side 
effects are fatigue, drowsiness 
and ataxia. 

Flexible dosage — Available in 
three convenient tablet strengths— 
2 mg, 5 mg and 10 mg — Valium 
permits you to tailor your 
prescriptions for maximum 
effectiveness. 
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Before prescribing, please consult complete product 
information, a summary of which follows: 


Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; psycho- 
neurotic states manifested by tension, anxiety, apprehension, 
fatigue, depressive symptoms or agitation; symptomatic relief 
of acute agitation, tremor, delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology, spas- 
ticity caused by upper motor neuron disorders, athetosis, 
stiff-man syndrome, convulsive disorders (not for sole therapy). 


Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma who 
are receiving appropriate therapy. 


Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, tremor, abdominal 
and muscle cramps, vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance because of their 
predisposition to habituation and dependence. In pregnancy, 
lactation or women of childbearing age, weigh potential 
benefit against possible hazard. 


Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may potenti- 
ate its action. Usual precautions indicated in patients severely 
depressed, or with latent depression, or with suicidal tenden- 
cies. Observe usual precautions in impaired renal or hepatic 
funetion. Limit dosage to smallest effective amount in elderly 
and debilitated to preclude ataxia or oversedation. 


Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests ad- 
visable during long-term therapy. 


Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric 
or debilitated patients: 2 to 2% mg, 1 or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2% mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 


Supplied: Valium® (diazepam) Tablets, 2 mg, 5 mg and 
10 mg; bottles of 100 and 500. All strengths also available in 
Tel-E-Dose® packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


INSTRUCTIONS FOR AUTHORS 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 814 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ."’ followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

è Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 
e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 
e Use arrows to designate special fea- 
tures. 
ə Crop photomicrographs to show 
only essential field. 
e Identify figures on back by num- 
ber and author's name. 
e Number figures in order in which 
they are mentioned in the text. 
e Indicate top of each figure. 
e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 
e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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A decade later... 
the Isotopic Pacemaker 


It was in the early 1960's that our im- 
plantable pacemaker became the treat- 
ment of choice for symptomatic chronic 
heart block. A dozen years and 100,000 
pacemakers later, Medtronic pacemak- 
ers remain first choice of the majority of 
the world’s implanting physicians. 





Isotopic Pacemaker, Laurens-Alcatel 
Model 9000. Energy source is Pu238 with 
a half-life of 87 years. Hermetically 
sealed titanium shield protects against 
electro-magnetic interference. 


Nhe 
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From Cardiac Catheterization Data to Hemodynamic 
Parameters (Yang et al.), 452 : 
Intensive Coronary: Care: A Manual for ‘Nurses, second 
edition (Meltzer et al., ed), 107 
Prosthetic Replacement of: the Aortic Valve (Sauvage 
etal), 453 
Remediable Arterial Disease (Clauss. and. Redisch), 
311 
Traumatic Injuries of the Heart and Great Vessels 
(Symbas), 452° 
Vectorcardiography: Proceedings of the Xith Interna- 
tional Symposium ‘on Vectorcardiography (Hoff- 
man et al., ed), 107 
Bundle branch 
biock 
and exercise testing, 741 
left 


Diseases, 









topic beats, 888 
anterior divisional 
and left anterior hemiblock, 892 
during coronary arteriography, 334 
predivisional, with teft posterior hemiblock, 896 
right 
acquired complete, 32 
and congenital atrioventricular block, 554 


. 


and morphologic features of right vanitvioular ec- 


Bundle branch 
His bundle recordings in, 412 
vs. Wolff-Parkinsen-White syndrome, type A, 623 
with cardiac infarction, 148 
damage, and late onset complete heart block, 884 
system, Wedensky phenomena in (LE), 105 


Calver, George Wehnes (obituary), 585 
Cardiac disease, functional classification of (E), 306 
Cardiac function 
and quantitative radionuclide. angiocardiography, 855 
general index for assessment of, 483. 
Cardiac output determined by Fick method (HME: 662 
Cardiac performance 
evaluated by exercise testing, 718 
professional liability in exercise testing for, 753 
Cardiac rupture after coronary thrombosis, 547 
Cardiomyopathy ~ 
and isometric.handgrip, 48 
diphtherial, myocardium in, 423 
idiopathic infantile, with. involvement of conduction sys- 
tem, 648: : 
new type, associated with diabetic glorierilloscierasis, 
595: 
Cardiopulmonary bypäss and myocardial dysfunction, 319 
Cardiovascular beriberi ‘and excessive beer Ponen RoN; 
418- 


Cardiovascular. eystem and percutaneous transfemoral Ae 


_right heart: catheterization, 646 


Cardioversion and refractory ventricular tachveardia, 550 
‘Catecholamines: l 


‘and myocardial necrosis, 838 
in pheochromocytoma, 197 
‘Catheter. 
clotted, exchange of (LE), 309 ; 
“electrode, and:P wave synchronous pacing, 74 
pulmonary wedge, in percutaneous. transfemoral right 
heart catheterization, 646. 
Catheterization 
and cor triatriatum dexter; 559. 
and evolution of cardiac conduction (E), 701 
and in situ lysis of thrombus, 640 
in cardiovascular beriberi, 418. 
in congenital aortic stenosis, 1. 
in corrected transposition of great arteries, 910° 
left heart =. ; 
arteriotomy during, 659 
conduction disturbance during, 334. 
retrograde, 378 Fan SERTE 
-of pulmonary artery, retrograde: technique for, 385 
percutaneous sheath, 378 ; 
right heart, Sercutaneous transiamoral, 646 i 
transseptal, embolization of aie eal) myxoma.. after, g 
569 7 : 
: Cell injury ; 
and myocardial lysosome saei 492, 498 
by diphtheria toxin; 423. 
Chemotherapy and. cardiac function during upright exer- 
cise, 768 
Chest roentgenogram and. scintillation camera in diagno- 
sis of pericardial effusion, 258 
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Chlorthalidone and clonidine, antihypertensive effects of, 
§36 
Cholesterol, serum 
and exercise, 775 
-and-exercise program, 784 
Cineangiogram and variant angina pectoris, 781 
Cineradiographic study: of contraction of hypertrophied 
: left ventricle, 587 
Circulation 
' collateral, and angina pectoris, 472 
coronary i 
after acute myocardial infarction, 362 
and pulmonic. atresia, 666 
fetal, and narrowing of aorta, 514 
in complete transposition of great arteries, 653 
mechanical assistance in cardiogenic shock (E}, 575 
pulmonary, and percutaneous transfemoral ght heart 
catheterization, 646 
«> systemic, after acute myocardial infarction, 362 
Clofibrate and acute muscular syndrome, 572 
Clonidine, antihypertensive effects of, 536 
-Gonak septum and isolated subpulmonic ventricular septal 
eee defect, 19 
Conduction 
atrioventricular. 
cand diphenidol, 67) 
changes with age in ‘infants and children, 876 
in preexcitation, 801 
k in traumatic complete heart block, 412 
; ce ncealed, and intermittent left anterior hemiblock with 
; : Wenckebach phenomenon, 892 
“defects i in Ebstein's anomaly, 354 
depression, electrophysiologic studies of, 232. 
disturbances 
familial (LE), 450 
= in coronary arteriography, 334 















884 
evaluation of, in cardiac catheterization laboratory (E), 
701 
xercise testing for detecting changes in, 741 
n: Wolff-Parkinson- ‘White syndrome, 623 
l ‘pathways 
~ anomalous, in: preexcitation, 801 
‘atrial, after surgery for Henspee ion of great arte- 
: „o ries, 533 
! retrograde ventriculoatrial, in complete heart block, 
ae 408 
-system 
-in congenital atrioventricular block, 554 
in idiopathic infantile cardiomyopathy, 648 
. peripheral distribution of (E), 919 
_ Specialized, electrophysiologic¢ studies of, 232 
Congenital heart disease 
and coronary arterial fistula, 432 
clinical studies in, 151 
corrected transposition of great arteries masquerading 
: as coronary artery disease, 910. 
cyanotic, 559 
right atrial myxoma presenting as, 82 
right ventricular volume overload in, 349 
with asplenia syndrome, 91 


TE oe 





postoperative, and iate onset complete heart block, l 
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Congenital heart disease 
(See also Pediatric cardiology) 
Contractility 
and assessment of cardiac function, 483 oe 
in hypertrophied left ventricle studied by cineradiogra-.. 
phy, 587 
ventricular, after valve replacement, 319 
Cor pulmonale, hemodynamic findings in, 205 
Cor triatriatum dexter, and. persistent right sinus venosus 
valve, 559 
Coronary arteries 
anomalies, and pulmonic atresia, 666 ; 
arteriosclerosis, absent, with inferior wall myocardial 
infarction, 680 
blood flow ; 
(See Blood flow, coronary) 
collateral vessels. 
after acute myocardial infarction, 362 
anatomic and functional correlates of, 611 
and angina pectoris, 472 
cusp, right, prolapse of, 19° 
diameter, and saphenous vein bypass, 459 
disease 
after endarterectomy, 466 
amyl nitrite in; 327 
and computer-quantitated treadmill. exercise elects 
-Cardiogram, 747°. 
and ectopic beats, 25 
and intercoronary collateral vessels, 611 
and postoperative: myocardial dysfunction, 319° 
and threshold for ventricular fibrillation, 242 
and valvular heart diseases, 222 
atherosclerotic, and isometric handgrip, 48 
atrial pacing in, 603. 
lett: main, clinical, artetiographic and hemodynamic , 
‘appraisal, 791 : 
malignant (E), 700... 
risk factors and ectopic beats, 25 
surgery for (LE), 449 
. transposition of great arteries masquerading as, 910 
types of (E), 437. 
fistula with unusual features, 432 
left circumflex, spasm during arteriography of, 680 
right, anomalous. origin from main pulmonary artery; 
670 
spasm 
and myocardial infarction in absence of coronary 
arteriosclerosis, 680 
and Prinzmetal's variant form of angina pectoris, 902 
thrombosis 
and congenital coronary aneurysms, 906 
and nitrate infusions, 362 
and rupture of chronic teft ventricular aneurysm, 547. 
Coronary arteriography i 
and angina pectoris, 472 
and computer-quantitated treadmill exercise electro- 
cardiogram, 747 
and coronary arterial aneurysms, 906 
and coronary arterial spasm with variant angina pecto- 
ris, 902 
and corrected transposition of great arteries, 910 
and saphenous vein bypass grafts, 459 
























» a 








* Coronary arteriography 
spasm during, 680 
Coronary care units 
and acute myocardial infarction, 476 
history of (HM), 405 
mobile, and pre-hospital phase of acute myocardial in- 
farction, 476 
< Coronary sinus,- inorganic phosphate concentrations. in, 
503 
“Creatine phosphokinase =. 
- and clofibrate-induced acute muscular syndrome, 572 
~ in diphtherial myecardiopainy. § 423 
‘Cyanosis 
and cor triatriatum dexter, 559 
argyria presenting as, 290- 

























: infants and children, 876 
‘Cyst, echinoccal, diagnosis of, 293 


eath, “südden 

“and. pre-hospital phase af acute myceardial infarction, 
“476 : 

and threshold for ventricular fibrillation, 242° 

in aortic dissections and dissecting añheurysrs, 263 

in infants (LE), 705 

Defibrillation — 





ith u drainage, 248 

a mean electromechanical, ang ett veñtricular 
dP/dt, 338 

‘Diabetic glomerulosclerosis: and ı new vipa of cardiomyop- 
athy, 595 ee 

Diaphragm and exercise, 918 = ee 
Diastolic time intervals i myocardial infarction 7 poste- 
i rior left ventricular wail; 629° 

Diastolic volume overload | after acute myocardial infarc- 
tion, 690 ; ; 











‘Digitale 

and myocardial ‘ischemia in acutely depressed heart, 
371 

arrhythmias induced by, and diphenidol, 67 

sensitivity to, in acute myocardial infarction, 388 

-Diphenidol in digitalis-induced arrhythmias, 67. 

Diphenyihydantoin and refractory ventricular tachycardia, 

; 550 

 Diphtherial myocardiopathy, myocardium in, 423 

Dipyridamole and spinephrinesndueed myocardial necro- 


sis, 838 

Disc variance and malfunction of prosthetic h heart valves, 
396 : 

-Dissections, aortic, review of, 263 

‘Dissociation, longitudinal, in’ traumatic complete heart 
block, 412 

Diuretic agents and clonidine, hypertensive effects of, 
536 


Doppler flowmeter and coronary arterial phasic blood 
flow velocity, 327 
left ventricular, and mean electromechanical 
AP? At as indirect index of, 338 
Drugs, patent, and pre-hospital phase of acute myocar- 
dial infarction, 476 


dP/dt, 


. 
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Cycle length and. atrioventricular conduction changes in. 


Ductus arteriosus and narrowing of aorta, 514 
Dysrhythmias 
after Mustard’s: operation for transposition of great ar- 
teries, 526° 
atter Surgery: for transposition of great arteries, 533 
“associated with exercise stress: testing, 763 
(see also Arrhythmias) oe 


Ebstein's anomaly, yootorcaidiaaran in, 354 
Echinococcus of heart and liver, 203 
Echocardiogram 
and left ventricular performance, 252 
and left ventricular: wall movement, 43. 
and mitral valve motion.in atrial septal defect, 343 
and ventricular septum in “right ventricular «volume 
overload, 349 
in experimental myocardial infarction of posterior left 
ventricular wall, 629 
Ectopic beats 
and coronary risk factors, 25 
right: ventricular, morphologic features of, 888 
Editorials.” 
Coronary artery disease—antidote to a stereotype, 437 
Electrocardiographic response to pulmonary embolism; 
mechanisms and.sources of variability, 695 
Evaluation. of internal mammary aney pame on 
E ge BS tte 
_ Evaluation of cardiac conduction ‘in the caro 
terization laboratory, 701° k 
Fourth sound gallop or split first sound?, 441 ; 
Functional class ication of cardiac disease’ a eritlaue, = 
306. 5 B ; 
Malignant coronary disease, 700. ; 
Medicine and the mass medi 57: | 
: Some controversy regarding the peripher al di 
of the conduction system, 919 
` Treatment of cardiogenic shock with mechanical circu- 
latory: assist—fact or fiction?, 575 
Ventricular. dysfunction. associated with valvular heart 
disease, 445 ; 
Effort test in angina pectoris, 151 
Eisenmenger syndrome, unifying concept of; 173 
Ejection sound and fourth sound: gallop (E), 441 
Elasticity theory and assessment of cardiac function, 483 : 
Electrocardiogram | ae 
after saphenous vein bypass surgery, /, 466 oe 
and hemodynamic alterations | in Pulmonary embolism, : 
205 Eee 
and idiopathic right atrial enlargement in adulthood, 87 DES 
effort, 152 me 5 
in congenital atrioventricular. block with multiple ectop- oe 
ic pacemakers, 554 ; 
in dissecting aneurysms, 263 
in Ebstein sanomaiy, 354. : ; 
in intermittent left anterior. hemiblock with: Wencke- - 
bach phenomenon, 892 mee 
in left bundle branch block with intermittent right axis 
deviation, 896 
in Prinzmetal's variant form of angina pectoris, 902 
in pulmonary embolism, 205; (E) 695 
in pulmonary stenosis with normal aortic root, 155 
in variant angina pectoris, 781 
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Electrocardiography 
chest ieads in, 145 
exercise, and vasoregulatery abnormalities, 733 
stress, and evaluation of cardiac performance, 718 
Electrogram, His bundle, and atrioventricular conduction 
in infants and children, 876 
Electrophysiologic studies. 
and diphenidol in digitalis toxicity, 67 
in complete heart block with retrograde ventriculoatrial 
conduction, 408 
Embolism, pulmonary, electrocardiogram in, 205, (E) 695 
Embolization of. left atrial: myxoma after transseptal cardi- 
ac catheterization, 569 
Embryology of thoracic veins, 844 
Emergency health care and pre-hospital phase of acute 
myocardial infarction, 476 
Endarterectomy, distal. gas, electrovectorcardiographic 
ee changes after; 466 
es Endocardial cushion defect, late onset complete heart 
block after repair of, 884 
Endocarditis, experimental (HM); 865. 
oe jicardial markers, cineradiography of, in study af con- 
- “traction of hypertrophied left ventricle, 587 
Epicardial wave forms, atrial, 844 ; 
- Epinephrine, myocardial necrosis caused by, 838 
‘Excitation, spread from atrium to thoracic veins, 844 
Exercise i 
















ractical, fitness and cardiac perfor: 
mance, 727 oe 
professional liability in, 753 
o detect changes in: cardiac. rhythm and conduction, 
TAN 
eadmill 
and f functional capacity in in cardiac disease; 757 
- <- and intercoronary collateral vessels, 611 
and. isometric handgrip, 48. 

 dysrhythmias associated with, 763 

; & detect cardiac rhythm and: conduction changes, 
TAL. ae 


— dvermàhmias associated with, 763. 

“>. to evaluate cardiac performance, 718 

B upright, and antihypertensive therapy, 768 

i See also Symposium | on Exercise and the Heart) 


Familial disease. 
- conduction disturbance (LE), 450 
< os Congenital heart, 91. 
lek. 
Adolf (HM), 662 — 
principle (HM), 662 
First derivative of apex cardiogram, 217 
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Heart disease. and treatmill exercise, 757. 
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Fistula, coronary arterial, with unusual features, 432 
Functional classification 

during treadmill exercise, 757 

of cardiac disease (E), 306 













Gamma tay scintillation camera in lia cf pericardi- 
aleffusion, 258 
Glomerulosclerosis, diabetic. and new type of cardiomy- 
opathy, 595. 
Glutamic oxaloacetic ‘acid’ and: clofibrate-induced acute 
muscular syndrome, 872 


H potentials, “split,” electrophysiologic observations ‘on; 
412° 
Handgrip,. isometric; and left ventricular function, 48 
Health evaluation and enhancement program, 784. 
Heart block ; : 
complete 
of late onset, after. cardiac < surgery, 884 : 
retrograde ventriculoatrial conduction in, 408 
» traumatic, His bundle recordi gsin, 412. 
congenital, with multiple ectopic pacemakers, 554 
(See also atrioventricular block) _ 












Heart failure and increased arterial beeen Aii 
Heart murmurs. ; ra 
E continuous, i 





and exercise e electrocardiography, 733 
and exercise program, 784. l 
and-eft ventricular wall movement; 43 
changes with age in infants and children, B76 
during exercise, 722 
during treadmill exercise testing, 757 
Heart sounds 
diastolic, after cardiac transplantation, 615 
first 
in- pulmonary stenosis, 155 
vs. fourth sound gallop.(E), 441 
fourth 
and isometric handgrip, 48 
gallop, vs. split first sound (E), 441 
in coronary arterial fistula, 432 
second: 
and-aortic flow, 237 
splitting, and left to rightatrial shunt in infants, 868 
third, and isometric handgrip, 48 
Hemiblock 
left anterior 
and right ventricular ectopic beats, 888 
intermittent, with Wenckebach phenomenon, 892 
isolated, during acute myocardial infarction, 797 
left posterior, and predivisional left bundle branc 
block, 896 
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* Hemodynamics 
and index for assessment of cardiac function, 483 
during upright exercise in patients with hypertension, 
768 
in acute myocardial infarction, 338 
in anomalous origin of right coronary artery from main 
pulmonary artery, 670 
in cardiovascular beriberi, 418 
in complete transposition of great arteries, 653 
in congenital aortic stenosis, 1,6 
in congenital atrioventricular block, 13 
in digitalis toxicity, 67 i 
in left main coronary artery disease, 791 
in left to right atrial shunt in infancy, 868 
in pulmonary embolism, 205 
Hemolysis and platelet survival time with Beall valve 
prosthesis, 229 
Hemoptysis and rupture of post-traumatic left ventricular 
aneurysm, 914 
His bundle 
- electrogram 
and diphenidol in digitalis toxicity, 67 
and retrograde ventriculoatrial conduction in com- 
plete heart block, 408 
i in Wolff-Parkinson-White syndrome, 623 
potentials in preexcitation. 801 
Histology — 
alin Ebstein's malformation ‘of tricuspid valve, 354 
of minute blood vessels (HM), 542 
Historical Milestones. ` 
Adolf Fick—forgotten genius of cardiology, 662 
Experimental myocarditis and- endocarditis (Ribbert, 
1886), 865 ; 
History of coronary ‘care units, 405 
J. J: Woodward (1870) on the histology and photomi-, 
: crography of minute blood vessels. (HM), 542 
Simon Samuel (1867) on inflammation 1l, 274 
Hydrochlorothiazide and Clonidine, antihypertensive ef- 
fects of 536 
Hydrolysis, intracellular and acute ischemic injury, 432; 
498 
Hypercapnia and inotropic responses to acetyl strophan- 
thidin, 61 
Hyperlipoproteinemia and exercise, 775 
‘Hypertension 
-and cardiac function during upright exercise, 768 
arterial, and myocardial ischemia, 371 
clonidine and diuretic agents for, 536 
“pulmonary 
after acute myocardial infarction, 690. 
after correction of aortic origin of right pulmonary 
artery, 674 
after mitral valve surgery, 820: 
and mitral stenosis, 167 
genesis of, 172 
in congenital heart disease, 167 
with reversed central shunt, 172 
renal, biopsy in, 827 
Hyperventilation and T wave-abnormalities, 298 
Hypoplastic left heart syndrome (LE), 450 
Hypoxia after correction of aortic origin of right pulmo- 
nary artery, 674 































ome gt 
2936 





idiopathic hypertrophic subaortic stenosis, congenital, 
with phenotypic Turner s syndrome, 683 
implantation 
internal mammary artery. evaluation of (E), 304 
transvenous, of atrial sensing electrode, 74 
impulse propagation, electrophysiologic studies of, 232 
infantile xanthomatous cardiomyopathy, 648 
inflammation, Simon Samuel on (HM), 274 
imfundibulotomy for idiopathic hypertrophic subaortic ste- 
nosis with Turner's syndrome, 683 
inotropic agents, positive, and myocardial ischemia, 371 
(See also specific agent) =: 
internal mammary artery implantation, evaluation of (E), 
304 
imternodal pathways. after surgery for transposition of 
gréat arteries, 533 
interventricular septum and echocardiogram in atrial sep- 
tal defect, 343 
isopreterenol. 
and abnormal T wave, 810 
and P-H interval in traumatic complete heart block, 
412 ue 
in congenital atrioventricular block, 13 


Jugular venous pulse in pul monary stenosis with normal 
i aortic root, 155 ; 


Kidney, “protected,” in unilateral renal arterial stenosis, : 
827 


Lactate 
“coronary sinus: venous changes i in, during myocardial 
ischemia, 503 
“retention.in diphtherial miycaardisdaihi: 423 
Lactic acidemia and inotropic respanges to acetyl stro- 
phanthidin, 61 
Lamb, fetal, and narrowing of aorta, 514 : 
Late onset complete ‘heart block, sequela of cardiac sur- 
gery: 884 
Leg musculature and exercise, 916 
Letters to the Editor 
Complications of Beall valve prosthesis, 922 
Doctor, cure thyself, 106 eee 
Familial conduction disturbance, 450: " 
How to exchange a clotted percutaneously introduced 
intravascular catheter without making: another 
arterial puncture, 309 
Hypoplastic left heart syndrome, 450 we a 
inferior wall: myocardial: infarction and atrioventricular 
nodal: disease, 021. 
Pacemaker panic; 705 
Primary and Secondary T loops and waves, 309 
Renovasodilatation after myocardial infarction, 706 
“Stone heart’, 921 
Sudden infant death syndrome, 705 
Surgery for’coronary artery disease, 449 
An unusual: treatment of paroxysmal supraventricular 
tachycardia, 310 
Wedensky phenomena in bundle branch systems, 105 
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Letters to the Editor 
Weed system, 449. 
Lidocaine 
and normal and anomalous pathways in preexcitation, 
801 
$ vand refractory ventricular tachycardia, 550 
“and threshold for ventricular fibrillation in the dog, 242 
Lipoprotein electrophoretic patterns normalized by exer- 
cise, 775- l 
Lysosomes, myocardial and cellular injury, 492, 498 


Mahaim fibers and congenital atrioventricular block, 554 
Malpractice in exercise testing for cardiac performance, 
753 
Mapping, atrial and thoracic vein, 844 
Mass media and medicine (E), 575 
Master’s test 
“dysrhythmias associated with, 763 
for evaluation of cardiac performance, 718 
_. Medicine and mass media (E), 575 
: Medicolegal | risks in exercise testing for cardiac perfor- 
mance, 753 ; 
_Membranous septal defect, 19. 
‘Men, middle-aged, and exercise, 775 
Microangiopathy, diabetic, and new type of cardiomyopa- 
‘thy, 595 
‘Mitral valve © 
_ disease: 
eS “myocardial factor in, 179 
with aortic valve. disease, 222. 
: insufficiency 
-and coronary arterial fistula, 432 
and corrected transposition of great arteries, 910 
is cand: systemic embolization, 222 
: leaflet, posterior, and atrial septal defect, 343 
ue ‘prosthesis, Beail, and low incidence of thromboembo- 
oo tism, 229° 
“regurgitation after acute myocardial infarction, 690 










and pulmonary hypertetision; 820 
>. and systemic embolization, 222 
appreciation of, 164 

. valvotomy for 164. 
“Surgery; and regression of pulmonary hypertension, 
a 820 
E ‘Muscular syndrome, acute, clofibrate- induced, 572 
Myocardial asynergy in:myocardial infarction of posterior 

Jeft ventricular wall, 629 

: Myocardial contractility and valvular heart disease, 319 
oes Myocardial disease; primary, and cardiomyopathy with di- 

; “ abetic.glomerulosclerosis, 595 

Myocardial dysfunction. in valvular heart disease, 319 

(E), 4450000 

-Myocardial infarction. 

after endarterectomy, 466 

“| after stress, catecholamines in, 838 
=- alprenolol for arrhythmias in, 77 

and angina pectoris, 472 

and coronary arterial fistula, 432 
and mean electromechanical AP/ At, 338 
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' Myocardial necrosis, epinephrine-induced, and. patel 
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Myocardial infarction Er 
and nitrate infusions, 362 
and pulmonary embolism, 205 
and threshold for ventricular fibrillation, 242 
defibrillation in, 248 
delay in pre-hospital phase of, 476 
inferior wall 

and.atrioventricular nodal disease (LE), 921 
in absence of coronary arteriosclerosis, 680. 
intermittent pansystolic murmur and Presumed mitral 
regurgitation after, 690 
isolated left anterior hemiblock and left axis deviatio 
during, 797 i 
lysis of thrombus.after, 640 l 
of posterior left ventricular wall, 629 
renovasodilation after, 706 
saphenous vein bypass surgery for, 906 
sensitivity to:digitalis in, 388 
size of infarct, and increased arterial pressure, 371. 
subendocardial, and pulmonic atresia, 666 
T wave abnormalities in, 810 
with bundle branch block, 148 
without coronary artery disease (E), 437 
Myocardial ischemia 
and increased coronary venous: inorganic phosphate 
503 
‘and intercoronary collateral vessels 611 
in acutely depressed heart, 371 i 
Myocardial metabolism and nitrate infusions after acute 
myocardial infarction, 362 

















aggregation inhibitors, 838 
Myocardial oxygen consumption 
and treadmill exercise tosing; 757 
during exercise: 722 ; 
during upright: exercise, 768 
Myocardial revascularization, electrovectorcardiographic 
changes after, 466 
(See also Surgery; Saphenous vein bypass) 
Myocardial sarcoidosis, ventricular aneurysm due to, 282 
Myocardiopathy, diphtherial, myocardium in, 423 
Myocarditis 
experimental (HM), 865 
rheumatic, and valvular heart disease, 319 
Myocardium: and lysosome stability, 492, 498 
Myxoma | 
left atrial, embolization of after transseptal cardiac 
catheterization, 569 
right atrial, with right.to left'shunt and polycythemia; 82 


NASA-U. S. Public Heaith Service Health Evaluation and. 
Enhancement Program, 784 

New York Heart Association functional classification (€) 7 
306 

Nitrate infusions in acute experimental myocardial infare 
tion, 362 

Nitroglycerin. and coronary arterial blood flow velocity 
327 

Nose drops; silver-containing, and argyria. 290 





* Operation (see Surgery) 
Ostium primum defect, right ventricular volume overload 
in, 349 
OQuabain and myocardial ischemia in acutely depressed 
heart, 371 


-P axis, right inferior, and junctional rhythm, 526 

P wave pacing with implanted atrial electrode, 74 

Pacemaker 

atrial synchronous, 74 

“panic (LE), 705 

Pacing 

in Wolff-Parkinson-White syndrome, 623 

P wave synchronous, with implanted atrial electrode, 
74 

ventricular, in congenital atrioventricular block, 13 

(See also Atria, pacing) 

Papillary muscle, acute dysfunction of, after myocardial 

infarction, 690.” 

istal block in coronary arteriography, 334 

aul Wood Revisited 

Appreciation of mitral stenosis, 164 

“Cardiac infarction with bundle branch block, 148 

‘Chest leads in clinical electrocardiography, 145 

Chronic constrictive pericarditis, 184 

Effect of. acetylcholine on. ‘pulmonary vascular. resis- 

tance. and left atrial pressure in mitral stenosis, 

167. : 

Effort test in angina pectoris, 151. 

Eisenmenger syndrome, 172. 

An informal album, 129- 

Myocardial factor in mitral valve disease, 179 

‘i Obituaries, 132. i e 

reface, ii 

“Paul Hamilton Wood, 121 

“Paul Wood, remembered, 192 

Paul Wood's textbook, 141 

Personal and medical background and contributions to 
cardiology, 124 

Pulmonary stenosis with normal aortic root, 155. 

-St..Cyres lecture; congenital heart disease, 153 

‘Selected articles and commentary, 144 

-Selected publications, 126 

-Valvotomy for mitral stenosis, 161 

CO; and inotropic responses to acetyl strophanthidin, 

61 

ediatric cardiology oo 

absent proximal coronary arteries with pulmonic atre- 

sia, 666 : 

< aortic origin of right pulmonary. artery, 674 

“arteriotomy in children during Sardiac catheterization, 
659 

asplenia syndrome -with congenital heart ‘disease and 
tetralogy of Fallot, 91. 

atrial septal defect, mitral valve motion in, 349 

atrioventricular conduction changes with age, 876 

complete transposition of great arteries, intercirculato- 
ry mixing in, 653 

congenital atrioventricular block, 13 

with multiple ectopic pacemakers, 554 
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' 


Pediatric cardiology 

congenital coronary aneurysms treated with saphe- 
nous vein bypass surgery, 906 

congenital disease of coronary arteries (E), 437 

congenital heart disease and. coronary arterial fistula, 
432 

cor triatriatum dexter, persistent right sinus venosus 

valve; 559 

development of narrowing of aorta, 514 

diphtherial myocardiopathy, 423 

Ebstein's anomaly, vectorcardiogram in, 354 

idiopathic hypertrophic subaortic stenosis with Turner's 
syndrome, 683 

idiopathic infantile cardiomyopathy with involvement of 
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è Available in sizes to fit 
most tubing 


Biotronex Laboratory, Inc. 9153 Brookville Road Silver Spring, Maryland 20810 Phone: 301/585-6400 
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An ECG at your fingertips. 


Layered controls for fingertip operation. Human engineered for efficient, precise 
use. Meets or exceeds all present safety standards. 
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The new MDI-1000 electrocardio- 
graph from Med Data. With an 
advanced front panel featuring 
layered controls so an ECG can 
be taken without interruption or 
stopping to adjust controls. 


To learn more about our special 
keyboard, features and options — 
and how you can put the MDI-1000 
under your ECG technician’s fin- 
gertips — return the coupon. 
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HHH Med Data 


... On record for innovation 


in medical data systems 
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a Pm interested. | 

| (J Please send more information on the MDI- | 

| 1000 | 
© Please have your representative contact me 

| about a free trial | 

Name | 

| Title z 

| Institution | 

| Address 

| city State____— Zip, i 

| Return to: Med Data, Inc., Dept. AJ-2, | 

= 2715 Marshall Court, Madison, Wis. 53705 J 





Closing the pacemaker 


The gap as you've known it: 
Some manufacturers market vey 
good pulse generators. Others) 
claim prompt service. Still othin 
are marginally involved due tc 
allied medical lines. 


Only one manufacturer provides» 
a comprehensive pacemaker 3 
system, from implantation 
through patient evaluation and 
maintenance. General Electric, 
One source. Total involvement. 
No gaps. 


syste 


i: a full range of pulse 
erators. An extended life 
nchronous model. 
antable and external 
dby units. 


a complete implant system 
igned for both myocardial 
| endocardial techniques. 


n: Adaptors with self-sealing, 
h-pull connectors to fit any 
or brand of pulse generator, 
<ing change-overs to a GE 
Jel clean and efficient. 

n: a desk-top Call-in 





z] 
Consultant which permits you to 
check pacemaker rate over the 
phone. Patient Sensor is 
provided with each pulse 
generator. 


Item: the largest medical service 
team in North America. 
Assistance in a hurry. In the O.R. 
if desired. 


Item: a coordinated R&D effort 
developing such items as a 


ae 






mercury-zinc power source with 
a full 5-year life. 


So you see, GE competes by 
being complete. Nobody else is. 
Strong argument for changing 
your buying habits now. See 
your GE representative about 
closing the pacemaker systems 
gap. 

General Electric 

Medical Systems, 

Milwaukee, Toronto, Liege. 
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ot New from American Optical: A 

ie PULSAR 3000000 < 
DC defibrillator. E 

Portable anywhere, anytime. 


Our new PULSAR™3000 DC defibrillator is a compact 30 Ib. unit 
(it’s easily portable) and has just about every feature you'll ever need 
for fibrillation emergencies. 

You can monitor the patient through the defibrillator paddles or 
through a patient lead cable. There are two ECG outputs — a one milli 
volt and a one volt output providing necessary signals for recording or 
display. Additionally, you can transmit the patient’s ECG over stan- 
dard telephone lines with our built-in modulated signal output. The 
PULSAR™ 3000 defibrillator is rechargeable in a maximum of 3 hours after 4 hours of 
continuous ECG monitoring or thirty discharges of 400 watt seconds. 

Add the proven Lown waveform made famous by AO, a synchronizer, built-in test 
load, a scope and visual battery condition indicator that can be seen even with the case 
fully closed, and you have what we consider to be just about the most advanced, con- 
venient, and dependable portable DC defibrillator available today. 

PULSAR™ 3000 defibrillator. Traditional AO quality, reliability, performance. 
Designed for tough, demanding emergency coronary diagnosis and treatment. And just 
one of three new models. 

Call or write us today for a demonstration. American Optical Corporation, 
Medical Division, Crosby Drive, Bedford, Mass. 01730. 


AMERICAN OPTICAL 
Y CORPORATION 
» MEDICAL DIVISION 








fine medical instruments to extend man’s life ™ 


sa AMERICAN OPTICAL 
Y CORPORATION 
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. tastes good too! . 


a 












COMPOSITION: Eagh 15 cc, (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq, of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 


iel 
otassium chloride... 


The drug of choice 
or oral replacement 
Í potassium is 
otassium chloride 
olution”. :«::.... 


Chicago, Am@rican Medical Association, p. 121 


8 Be. ‘ 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication, Patients should be frequently 
checked and periddic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depressicn, arrhythmias or arrest. 
Use with caution in patients: with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the lags, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 
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exists, ii should be promptly treated with» 
the discontinuance of potassium adminis; 
tration or other steps to lower serum level 
if indicated, since sudden shift in plasma 
levels may inguce potentially dangerou$ 
cardiac arrhythmias. > 
DOSAGE AND ADMINISTRATION: Adult: 
one tablespoonful (15 cc.) diluted in one. 
glass of water, twice daily after the 
morning and evening meal. Larger dose 
may be indicated according to the indi 
vidual patient's requirements but shout 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gall 
bottles. . 


CopPer Cooper Laboratories, Inc., Wayne, N.J..07470/Ste. Therese, P.Q., Canada 
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